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Abstract

This thesis examines the electrophysiology of sevaspection time (IT)
tasks, specifically extending two strands of warkri Edinburgh by Austin (2004
and 2005) and Zhang et al. (1989a and 1989b).

Austin designed a new emotional inspection-timk tesng human faces as
stimulus items. The original pi-figure IT tasktemsively investigated since 1970,
has been found to generate robust correlationsaggbrted 1Q measures. A
potential confound in existing IT methodologieshat the IT-IQ relationship may
not arise from particular stimulus presentatioriiadologies, but be due to a
process of rapid strategy formulation. Variatiorthe stimulus forms (e.g. pi-
figures, human faces, geometric shapes or audibolgs) affects the robustness of
the IT-1Q relationship. Austin’s tasks were moedfito permit the acquisition of
ERP data to examine the effect of stimulus emotierpression and to explore the
relationship with existing psychometric scalesrlfdifferences in ERP related to
IQ were reported by Zhang. A key additional eletradrthis thesis is the
examination of relationships between ERP and thatiemn shown on stimulus faces,
since differences in emotional expression formhasis of the emotional-IT task.

Four major experiments were conducted. Experirhignloted the face
presentation task and set baseline timing valuegrésenting human face stimuli;
participants identified gender from each stimulAspsychophysical curve was
constructed, and the difficulty scaling of the taskjgested that the longer timing
durations should be removed in favour of additipahbrter durations in subsequent
experiments.

Experiment 2 was the first attempt in the literatto collect ERP data from
the emotional-IT task. The expected negative tations between psychometric IT
and IQ measures were reproduced, but the correlbgbnveen IT and El scores was
found to be positive; higher EI scores resultedlawer IT values. A
P100- N170- P300 ERP complex was evoked, with maximal amplguateparietal
electrode sites, and maximal activations in respdosappy-face stimuli, especially
among males. When divided into high- and low-1Qugs, higher-1Q individuals
showed steeper mean gradients, and gradient-I@labans 50ms earlier than

among the lower-1Q group.



Experiment 3 evaluated different backward maskautpmhiques. In the ERP
data, traces elicited by the stimulus face coukempially be contaminated by
activity related to the backward mask. A P109170- P300 ERP complex was re-
produced, but despite very high participant succates (95.3%), effects of stimulus
emotion within this ERP were not pronounced. A eenon-face mask was adopted
for future studies to minimise other mask-contartiamaconfounds from larger
population samples in subsequent experiments,caddid potential apparent
motion effects, another known confound in IT methiodies.

Experiment 4 featured three consecutive ERP adounsi(face-1T-1, line-IT
and face-IT-2) and was analysed in two stages. &fets related to stimulus
emotion were inconsistent; the responses to stisneriiotion were neither identical
nor prominent in each emotional-IT task. Psychommeffects were more
consistent. 1Q and IT were negatively correlate@@ected, while IQ, IT and
emotional intelligence were positively correlated.

Throughout the present series of experiments,tpeated relationships
between IT and IQ were robust across non-traditiemeotional-IT tasks. The
effects of stimulus emotion on ERP traces werepnaininent despite relatively
large sample sizes and adequate effect-size essmadhe ERP relationships with 1Q
previously found at Edinburgh and by others in-il@asks were not replicated
here, although the lack of such a relationshipdnasedence in the broader literature.
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Literature Review

CHAPTER 1
ERP Responses to Faces

A principal aim of the present series of studies weadiscover if the
expression of emotion resulted in unique or othsevaharacteristic modulations of
ERP activity, spurred by the fact that researcéredt in the manner in which human
beings process and perceive other human face®iatevely recent phenomenon.
Research interest is considered to have begunthatfirst verifiable case studies
and naming of prosopagnosia (Bodamer 1947) — afgpeability to detect faces in
one’s field of vision — and progress has startetistopped in this area over the
years. Interest in face processing in normallyithgandividuals began in earnest in
the 1970s, with Goren et al.’s (1975) discovery thanan infants, on average only 9
minutes old, showed greater apparent interestewivig human faces over other
stimuli, raising the possibility that humans possabiologically innate ability to
detect and preferentially attend to faces — in Begital.’s (1996) words :

“...a specialised neural subsystem for processingipggpomic information
and relating the perceived input to prestored fapeesentations.”

Between 1986-1996, six ERP studies were condudied fiaces as stimulus
items (Small, 1986, Smith & Halgren, 1987, BarrRiigg, & Perrett, 1988, Renault,
Signoret, Debruille, Breton, & Bolger, 1989, Hawtear, Debruyne, Forzy, Gallois,
Hache, & Dereux, 1993; Begleiter, Porjesz, & Walf2f)5), but importantly, perhaps
the single major ERP phenomenon in face processidgte was overlooked in all
of these 6 cases — Bentin et al.’s (1996) N170 aorapt (discussed later), with the
focus instead being on familiarity effects fromgaption of stimulus faces. Animal
studies in the 1980s indicated that at least oneohagical structure in the
extrastriate cortex was probably a face-specifytore of the macaque monkey brain
(Perrett et al. 1982). In the same year, prosopsigrwas suspected to be due to
lesions in the occipito-temporal region (e.g. Daimas al. 1982). Greater progress
was made in the 1990s within neurosurgical papepulations (e.g. Allison et al.
1994c, and 1999). The increasingly availabilityfwictional scanning technologies
(primarily fMRI), and notably, the advent of a paularly incisive experimental
methodology (Allison et al. 1994, Bentin et al. 698nd Kanwisher et al. 1997,
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discussed later), culminated in positive identtimas of brain regions specialised for
the detection of faces and related electrophysicddghenomena.

The facial region of the body is considered to Beialogically salient” and
complex stimulus to humans (and for those animetigis which possess a
recognisable face) as a primary indicator of anoitindividual’s current state of mind
and intention (Williams et al. 1988, Mogg and Beyd1999, Ohman, Flykt and
Esteves 2001). Expressions of fear in one’s fedlow an angry facial expression
may signal impending danger, and such expressidhtypically and rapidly draw
other individuals’ attention (Ohman and Mineka 2p0frobably for simple reasons
of self-preservation. If there is danger in ona@snity, it is obviously advantageous
to know of it. Perrett et al. (1985) suggested thanimals and humans, attending
to the face region - especially the eyes, ratham the head in general, also gives
information on the direction of others’ gaze a®aa signal of interpersonal
attention.

Considerable subsequent work has been carriech ¢ icognitive aspects of
human face perception and processing (Bruce, Greeriseorgeson 1996),
confirming the actuality and location of dedicatade-processing structures in the
brain (specifically the fusiform gyrus and fusifofate-area), and this section will
explore contemporary trends in electrophysiologarad biological research in face-
processing. Research in face-processing can ediinto two main areas; firstly,
theoretical and cognitive models such as e.g. BamckeYoung’s influential 1986
model of face processing. This work drew from dosions from a range of
different studies, and was not derived from a dpmeexperiment or series of
experiments conducted by Bruce and Young per $& sécond direction of research
is that of empirical experimentation in the facegassing literature, in which four
individuals feature prominently — Truett Allisonjna Puce, Gregory McCarthy, and
Shlomo Bentin. Since 1994, their work has inclutted comprehensive and highly
influential imaging and electrophysiological invMgations of human face-
processing. Alison et al. (1994c) began with agiof 34 epilepsy patients with
surgically implanted electrodes situated “on theical surface” (the precise location
was not disclosed in detail in the article) arotimelinferior temporal gyrus. This

study is one of relatively few which appears gealyinnterested in answering the
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immediate and simple question of how evoked paénshow responses to faces —
the face-familiarity studies between 1986 and 199&is reader’s opinion, omitted
fundamental stages in the initial perception antéat®n of faces in humans. In
Allison et al. (1994c), participants simply viewaderies of stimuli, some of which
were faces, with an instruction to count the oanee of one stimulus category.
This methodology was adapted from studies by ShiBemttin in progress (but not
yet published) in 1994 (cited in Alison et al. 1894 Kanwisher et al. (1997) would
later use a very similar methodology for functiomaaging of putative face-
responsive areas. Results from 70% of Alison.&t gdatient group showed large
individual differences in responses from areafhi@ensuperior temporal sulcus region,
which Allison et al. interpreted as showing “vaild¥ in the location of these "face-
modules”....”, and, a prominent bilateral N200 comgain The N200 was present
only when patients viewed faces, and not when vigwcrambled faces, images of
cars, or scrambled images of cars, although conmgiéamy studies by Puce et al.
(1999) showed anatomically nearby regions were attwated by e.g. checkerboard
patterns. Allison et al. also noted the rapidityhe response, occurring around
140ms after stimulus presentation, which was imetgal as showing that “.....a
considerable amount of stimulus processing occesd®en initial activation of
striate cortex and activation of face modulesti.tHis relatively early study,
stimulus faces were shown to rapidly generaterdistie ERP activity, in a relatively
localized brain region (i.e. processing faces daitiraquire the activation of much
larger or apparently non-specialised brain areavtée the N200 response), within
a region which was approximately analogous to presly discovered face-sensitive
regions of the macaque monkey cortex (e.g. Desim®8&, and later Tootell et al.
1995).

The most recent, fundamental, and influential etgattysiological finding in
this area was Bentin et al.’s (1996) discoveryhef[N170 potential — a face-specific
ERP potential (Bentin’s 1996 colleagues includexgheviously referenced Allison,
Puce and McCarthy). Bentin et al. conducted 5 exgants, with the first
replicating Allison et al. (1994), all using norryahealthy individuals and scalp-
mounted electrodes.

12



Study 1 : Participants were required to silentlyrtathe occurrence of
images of butterflies on-screen during presentatiayges of cars, (unfamiliar)
faces, scrambled faces and scrambled cars. Asdhs of the task, images of
butterflies evoked P300 potentials with the largasplitude. Although the N170
potential was not absent for other stimulus clagbesN170 was invariant to those
classes, whilst faces elicited a larger N170 respam the left hemisphere.

Study 2 : Participants counted the occurrence afjigs of cars, amongst
images of human hands, human faces, animal fasegy(unspecified animals with
prominent eyes, but excluding primate faces), &g of furniture. Again, human
faces elicited the largest-amplitude N170 deflejavith all other stimulus
categories showing no statistical differences thesher (cells with prominent
responses to hands were previously found in mon&eyces; Gross et al. 1969).

Study 3 : Using a larger 28-electrode montagej@paints now viewed
inverted and non-inverted images of butterflieg (drget stimulus), human faces,
and cars. Now, while N170 deflections were abfantar-stimuli, normal and
inverted faces evoked similar deflections, agairgést in the left hemisphere.
Inverted faces actually evoked N170 amplitudesrilesd as “somewhat larger” than
standard faces.

Study 4 : Participants were now presented witlgé@grbutterfly stimuli,
human faces, and individual pairs of lips, eyes, moses. Now, N170 amplitudes to
whole faces and pairs of eyes were significantigdathan those for lips or noses.
N170 latencies for eyes and whole faces were idahntnd significantly faster than
those for lips or noses alone.

Study 5 : Stimuli were presented as in study 4iptesly, but now, normal
faces were “distorted”, with individual featuresgéd in the wrong location (e.g.
eyes placed where the mouth should be; noses anthmtiere each eye should be
etc.). Here, distorted faces (and isolated pdieyes) still elicited N170 deflections.

In all aspects of Bentin et al.’s (1996) study, N0 component varied only
in response to human faces and human eyes. AlthinegN170 component is
evoked by other forms of stimuli such as words (@drand Bentin 2002), its
amplitude is greatest and its onset most rapid vitherproduced in response to

faces. Amongst a stimulus set comprising only hufaaes, then, the N170
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component is more diagnostic of the presence ofeMaaes within an individual's
field of view (i.e. in a properly conducted methtmlyy using human faces, the N170
should be apparent within the waveform), though gerhaps not entirely
specialised for whole faces. The N170 does, howeyppear sensitive to the
detection of human eyes, and it is otherwise imvdrio non-face stimulus
categories. Bentin et al. (1996) surmised that\th@0 may reflect “part of the
operation” of “...a structural encoding stage....iniYigprocessed independently of
personal identity or facial expression....”. The oéeverted faces apparently does
not prevent the face-recognition process from aaogrand the process is initiated
by parts of the face, as well as whole faces, apéa@ally the eyes. The waveform
typically evoked from face-processing studieslisstrated in figure 1 below,

reproduced from 4 face-processing studies :

Figure 1 : Sample P100 N170 - P300 waveform evoked by faces.
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Allison et al. (1994) referred to facial ERP coments as N200s, and
whether it is termed the “subdural N200” by Allisenal. (1994) or the N170 by
Bentin et al. (1996), controversy was and stipriesent over the laterality of these
face processing effects. Using direct corticabrdmgs, Allison et al. (1994) found
bilateral effects of face processing, whilst s@lpface-mounted electrodes showed
inconsistent effects in Bentin et al.’s study betw¢he T6 and T7 electrode sites.
The nomenclature of ERPs is such that the onsetftimwhich components are
named is never exact, and figure 1 illustratestti@afN170 labelled from Rousselet
et al’s (2004) work could as easily be renamed\2@0. Allison et al.’s N200 face-
component was actually onset at 140-192ms, yefovaglly labelled as N200.
Bentin et al (1996) suggested that “their” N170 atigson et al.’s (1994) N200
could be different processes, with different timorngets due to the nature of Allison
et al.’s sample group being epileptic patientdjeathan healthy individuals. The
N170 was also suspected of being an “eye processosis the N200 as a
“structural encoder”, due to the N170’s enhancegldute responses to pairs of
eyes. Eimer (1998, 2000c), however, believesttiealN170 is related to late
structural encoding processes despite the greatetions in N170 amplitude and
latency which would be shown by Allison et al (1999); in two studies by Eimer,
the N170 was affected by featureless face shapésob by faces without eyes.
Since 1999, however, the N170 appears to have djsinastantially greater
acceptance as “the” face-specific ERP componerl, tive N200 typically remaining
associated with the (especially auditory) genedalball paradigm.

Although the presence and defining characteristidentin et.al’s N170
component leant additional credence to the existefbiological mechanisms
devoted to the detection of faces and face-likaudti(e.g. animal faces, or
schematic cartoon-like faces), the N170 itseltiatively invariant when compared
to other ERP deflections, and its presence candre negarded as a diagnostic
criterion of methodological success in ERP faceepssing studies. From Bentin et
al.’s study, it appears that the N170 only showsatian when whole stimulus sets
present both faces and face elements, or both &éawksaon-face items. With this in

mind, it becomes unsurprising that the face famitlistudies from 1986 — 1995 did
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not identify a face-specific N200 or N170 componenhen stimulus items are
largely or exclusively composed of entire faces,Nt200 / N170 component is
unlikely to show any substantial variation sinces ialready highly responsive to the
presence of whole faces. Additionally, the N17fhponent is apparently unaffected
by face familiarity (Soroker 1999, Puce et al. 199®dicating that there are possibly
several distinct sub-systems involved in the emiceess of face recognition
(Kanwisher and Moscovitch 2000).

The increased availability of imaging technologyidg the 1990s rapidly
lead to a series of studies directly pointing todidate areas in the human brain for
face recognition sites. The fusiform face areadf-kvithin the fusiform gyrus, was
found to be preferentially activated upon the petioa of faces and face-like stimuli
across a variety of methodologies. In comparisovigwing scrambled faces,
consonant strings, textures, or during face-matgtasks (Haxby et al., 1991,
Sergent et al. 1992, Haxby et al. 1994 , Puce 49815, Malach et al. 1995, Tootell
et al. 1995, Clark et al. 1996), the human FFAdiasvn consistent right-sided
activation, greatest when an individual is vieweither an animal or human face.

Kanwisher, McDermot and Chun (1997) produced whatllecome a
landmark, and lengthy, study in the biology of harfece processing, confirming
the presence of brain regions perhaps not dedichtgdpecialised for the
perception of face stimuli. Kanwisher et al. (1ppérformed an fMRI investigation
of a population of 15 individuals (sample size faesk, however, varied upon the
clarity of participants’ responses), requiring themtomplete 5 tasks. Within each
task, participants were selected for participatiothe next task based upon the
presence of a clear effect. Using passive viewgegniques, participants viewed :

(1) Human faces vs. various non-face objects (e.gphelees,

vegetables, or animals without obvious faces ssatrabs.)

(i) Intact human faces vs. unrecognisable scramblexsfac
(i) Faces vs. front views of houses.

(iv) Three-quarter-profile faces vs. human hands.

(v) Task (iv), with a “1-back” manipulation where stilmwere

occasionally repeated, with participants signaltimg detection of

repeated stimuli.
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In this manner, Kanwisher et al. compared respotwstzsces with animate
and inanimate objects, animate but non-face obfadisnals and human hands),
familiar vs. unfamiliar faces, and face-componessvell as controlling for stimulus
luminance via the scrambled faces in a manner @irtol Allison et al. (1994). In all
cases, a region of the fusiform gyrus labelled&df&” responded most strongly
when human faces were shown, with signal interssu@to 600% higher than during
other conditions. When faces were scrambled, mes@cognisable features were
hidden (i.e. in conditions (iv) and (v), where wmduals in the stimulus photographs
wore ski-caps, hiding their hair), area FF stifpended more strongly than when
non-face stimuli were shown. From this, Kanwiséteal. decided that area FF was
not “head-specific”, but face-specific. Althouglsiagle study, Kanwisher et al.’s
evidence and methods provide compelling evidencéhopresence of a module that
if not wholly and entirely dedicated for face-presimg, was nonetheless apparently
highly specialised, and strongly preferential faststimulus class.

The notion of the fusiform face area as face-spepibcessing site has been
strongly upheld until very recent work by Grill-Syper, Sayres and Ress (2006),
who claimed that the FFA may not be wholly andrehtispecialised for faces per
se, but contains several sub-populations of neundmsh are selectively much more
responsive to faces than are other regions to othjects, and which outnumber less
specifically responsive neuronal areas- i.e. th& Eéntains larger numbers of face-
specific neuronal populations than other aregsoresive to other stimulus types.
This is consistent with Allison et al.’s (1994)ding of individual differences in sub-
dural ERP responses from the extrastriate conegome individuals, responses to
faces from multiple “face modules” may be more rnamced than those of others,
resulting in slight inconsistencies in ERP effedtar the moment, however, the
fusiform face area itself remains the locus of imggnvestigations of face-
processing, with no other strongly face-preferémgmdidates. In the past, some
regions of the amygdala (Rolls 1992) and fronthEel@Wilson et al. 1993) have also
shown responses to faces, but these areas arager lemphasised within the
contemporary face-processing literature.
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Allison, Puce and McCarthy (1999a) returned tortkctrophysiological
work with a series of 3 contiguous articles detgilsub-dural electrophysiological
studies of 98 epilepsy patients (Allison et al. 49¥cCarthy et al. 1999, and Puce et
al. 1999 — Allison, McCarthy and Puce contribute@ll three articles.). The
emphasis upon the N200 potential rather than th&@Némained despite the
intermediate N170 work by Bentin et al. (1996).ligdn et al. also referenced four
other components — the P150, N290, P350 and NT@0uaof which have become
obscure within this literature and have seldom lreé&renced outwith Allison et
al.’s three articles. Although the P150, N290, ®38Bd N700 components may have
shown variation in these studies, they are unlikellye face-specific potentials and
may reflect differences according to other task aieas.

In Allison et al (1999) part I, 75 face-specifites were found to generate the
N200 when participants viewed faces (scrambledramdhal), cars (scrambled and
normal), letters and numbers, flowers and “phasansibled” images of faces,
numbers, flowers and cars. Faces still evokedattgest N200 response (now
beginning to seem as merely a differently label@@®, without either prominent
hemispheric or gender-related differences.

In McCarthy et al.’s second study (part 1l of Adiiset al. 1999), more
detailed examinations of faces and animate obygets undertaken, with stimulus
classes now including full faces, three-quartefifgraipright faces of various sizes,
blurred, inverted, and line-drawn human faces, tawaponents, faces with eyes
open and closed, canine and feline faces, humaashand face contours without
details. Again, only full human faces resultesnaximal N200 amplitudes
(including three-quarter profile faces), althougiinaal faces evoked N200s “73%”
as large as those to human faces. A steady psigneis decreasing N200
amplitude was noted (similar to Bentin et al. 19®&6gn facial components were
shown, in order of eyes, face contours, lips arskgao Lastly, the right hemisphere
was shown to respond more strongly (i.e. with lafg200 amplitudes and lowered
latencies) to normal faces, whilst the left hemesphresponded similarly to inverted
faces. Varying the size of the stimulus head itales evoked no difference in

responses.
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In the final part of their study, Puce et al. (1908rt Il of Allison et al.
1999) addressed the issue of bottom-up vs. top-goacessing by introducing
additional elements into the stimuli. Here, theu® of study was attentional
orienting, habituation to and learning of stimutnaterials, and the emotional
content of image processing. Although the stimitusges in this study contained
faces, now, other body parts were also preseiheisame scenes. Puce et al.’s
participants viewed normal, unfamiliar male humaces, recognizable celebrity
faces, “attractive semi-nude males” (e.g. an imafdeody-builder’s upper torso and
face), violent and aversive stimuli (e.g. the nioios 1968 image of the pistol
execution of a suspected Viet Cong officer), andtnally neutral landscape
scenes. Findings from these studies revealed that
(1) N200 responses to faces were consistently largertthose to all
other stimulus categories, suggesting that the iemaltcontent of
an entire scene was less well attended to thaprdsence of

whole faces.

(i) When repeatedly shown unfamiliar faces, the N2@Qvelal
significantly lowered amplitudes between the fastl second
presentations, but amplitudes were not furthercedun the % to
8" presentation of each stimulus — however, a sulesgdi290
response increased marginally in amplitude follgsabsequent
presentations. Later components (the P350 and \NsHa@ved

larger decreases in amplitude here.

(i) The familiarity of faces had almost no effect oy anmponent
(N200, N290, P350, or N700) in any way — eitheenaly,
amplitude or area under the curve, at any prewoweslorded face

specific site.
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Perhaps the most salient discovery from Allisoalst(1999) work is illustrated
most effectively by Figure 2 :
Figure 2 : N170 amplitude and latency variatioeslrawn from Puce et al. (1999).
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ERP amplitude variation in response to human fatesly shows that faces of any
kind, including component parts, resulted in sufisiadeflections across stimulus
categories, and the progression of amplitude chaagée ordered in an obvious manner by
stimulus category. Latency variations, howeveoygd a far more indistinct pattern, with
whole faces constituting an approximate baselimgeveather than the most rapid response.

From figure 2, normal faces, coloured faces, addced size-images of faces generate more
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rapid responses, probably due to the activity efRRA areas quickly making the appropriate
determination. In contrast, some face compondipts§nd noses) seem to require much
longer processing times, while obviously non-huraanon-face images such as cars, animal
faces, and checkerboard patterns may be so obyinastface stimuli that discrimination is
very rapid. Puce et al.’s graphical depictiont@ tatency variations, however, is somewhat
misleading. The Y-axis in the original figure wasificially and considerably shortened,
covering only 40% of the full range (i.e. 90-130%)y plotting a new chart with a Y-axis
based on a full percentage scale (figure 3), tideet variations in latency are dramatically
reduced, and though statistically significant, sgen to be very marginal in comparison to
the wave amplitudehanges in figure 2.

Figure 3 : Rescaled N170 latency differences frarmeRet. Al (1999).
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An ongoing problem for this face-processing rede@&¢hat there are many

other stimulus classes which could be consideratesdat face-like e.g. the
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apocryphal “faces in clouds” phenomenon from commmgth, or the front-grille
sections of cars, whose two prominent headlightg tmgger the N170’s preferential
response to the presence of eyes, as used in Canch@&entin (2002). There are
also many thousands of other stimulus forms whartstitute entirely non-facial
stimuli. Carmel and Bentin (2002) conducted ontghefmost recent, and relatively
scarce examinations of simpler responses to fathsut the use of faces as
complex attentional manipulators. In two sepas#atielies, participants were asked to
identify animate or inanimate objects, and latedigtinguish between human and
ape faces. Results were consistent with previtues, again showing maximal
N170 amplitude responses to human faces over stimulus types, and a delayed
latency for non-human face stimuli. Carmel andtBeconcluded from these studies
that the role of the N170 is an indicator of a fapecific visual mechanism
specialised for the perception of human faceserdtian activity of a more general
visual processing system. When human faces wardarget stimuli or relevant
targets, the N170 deflection did not differ in respe to those faces.

More recently, Rousselet et al. (2004) and Paleanob Rhodes (2007) have
provided a reviews of face-processing literatulioagh these reviews are primarily
related to the N170’s response to various stimurdusrsions (Rousselet et al. 2004)
and attentional effects from fearful faces (Palemnd Rhodes 2007). Phenomena
listed by Rousselet et al. (2004) included procegsielays in the N170 induced by
face inversion (Eimer 2000c, Rossion et al. 1999 2000), increased amplitudes in
response to face inversion (Sagiv and Bentin 208xid, the effect of inverting other
stimuli in conjunction with faces, such as cars adds (Rossion, Joyce, Cottrell, &
Tarr, 2003).

Palermo and Rhodes’ (2007) summary of 24 face paorestudies
integrated cognitive, electrophysiological, and ging work from 1999 to 2006. It
seems that the most recent contemporary trend i &&lies of face processing is a
heavy emphasis upon the manner in which faceserae as attention-modulating
stimulus items (i.e. evoking top-down processedhar than a more general focus on
the manner in which task demands can induce difte®in ERP waveforms to faces
(bottom-up processes). Fearful facial expressiopsrticular seem able to quickly

attract individuals’ attention (Ohman 2002). Théas posed considerable difficulties
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in the accumulation of precedents for comparisah tie present series of studies.
Of these recent studies, only two have involved@alogous task and key
comparison using a scalp ERP methodology — i.eiddnatification of emotional
responses (Streit et al. 2000, and Balconi anddi02000). From the previous
discussion, the N170 / N200 component has beenrskmle invariant when only
faces are used as stimulus items, and specififallge et al. 1999), the N200 is
invariant to the emotional expression worn by hurizees, leaving researchers still
seeking new ways to examine ERP data for a deerstanding of the processing
of emotional facial expressions. Streit et al.0@0noted that when participants
viewed blurred and non-blurred emotional humandachanges in amplitude were
present between these stimulus classes betwee&0IBAs, concluding that
emotional processing was rapid, and distinct fraheoaspects of face processing.
Balconi and Pozzoli (2003) conducted a much simplied potentially more useful
study by simply asking participants to passivelgafse human faces in preparation
for a subsequent “recognition task” with no oth@eafic instructions given.
Interestingly, Balconi and Pozzoli observed a dgite termed an N180 rather than
the expected N170, and which was heavily attenuatedmparison to other grand
average ERPs in this field. The final grand ave@BP was quite different in
nature from the typical N10G N170- P300 pattern of deflections typically
observed throughout the rest of the face procedsargture, and this study is
interesting simply because it began with a basik w@thout elaborate manipulations
or task demands.

In this researcher’s opinion, much fundamentalrmiation has been, and
still is potentially being lost through the useeokr more complex manipulations of
participants’ attention, essentially through theerimental equivalent of “muddied
waters”. In what appears to be a relative “rush€arry out original
experimentation, smaller and more basic issuesesmingly being overlooked in
favour of more complex methodologies, resulting iplethora of small contributions
to a very large field, none of which point in argricular direction.

Since the 1990s, functional imaging studies of fa@eeption have made
great progress in localising the physical strucwithe brain involved in face

processing, albeit it at considerable financiak ao$he case of each study. In
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contrast, substantially less expensive ERP woflee-processing has actually
focused somewhat lespon actual face-processing itself, and more eruie of the
human face as a complex stimulus and manipulatpadicipants’ attention.
Somewhat paradoxically, although researchers arepossessed of considerable
evidence which localises the source of face-praegdsehaviours using highly
expensive imaging technologies, the relative ulyooiil ERP equipment and
application has seemingly ncontributed a similarly large body of fundamental
information in this field. Although a great mamgividual phenomena have been
highlighted in the previous studies, very few hbeen systematically re-investigated
in order to produce an empirical, unified theoryaxfe processing, and the critical
ERP findings from the last 17 years are containeshly 5 studies (Allison et al.
1999 parts I-1ll, Kanwisher et al. 1997, and Bemtiral. 1996). In fact, there are
essentially only two principal ERP findings frompapximately 11 years of work,
owing to inconsistent attempts at replication ancjpparent lack of overall direction
across studies since 1996 :

(1) the evocation of the N170 (or N200) potential igp@nse to faces as
stimulus items, and the sensitivity of this compdrte changes in
face elements versus other, non-face stimulus jtanstimulus
inversion (Allison et al. 1994, 1999 I-1ll, Bentat al. 1996).

(i) the presence of larger ERP amplitude responsesfiarful faces

when whole emotional faces are shown (Palermo dadi&s 2007).

For the present series of studies, however, relgtiittle new and more basic
information has been produced in recent years fgaty investigating the manner
in which emotional processing is reflected at theel of ERP responses — a

circumstance which this series of studies hopestrect.
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CHAPTER 2

ERPs and Intelligence

Until the advent of functional scanning techniquesG and ERP provided
the most direct measure of brain activity and ctogmj and both techniques have
received considerable use. ERPs are valuableisttidy of brain activity due both
to their non-invasive nature and high temporal ltggm. Although not common,
sampling rates up to 10Khz are possible (Fabiaraft@ and Federmeier 2007),
giving the fastest moment-to-moment reflection lndireges in brain electrical states
available with current technology. In contrashdtional MRI techniques, although
more precise in terms of functional anatomical lisaéion, rely on the BOLD
(blood-oxygen level dependent) measure, essentia@lyelative difference in the
magnetic properties of oxygenated and de-oxygertaechoglobin in the blood,
which requires several seconds before changevmlene (Wager et al. 2007). ERP
techniques are also considerably less expensivpgrgcipant beyond the initial cost
of the equipment, resulting in a relative ubiqufystudies when compared to other
imaging techniques.

Another source of popularity for EEG techniques Iesn the hope that their
use would provide a measure or correlate of indel ability which was truly
“culture-fair” (Crawford 1974, Deary 2000). Fre&& work has varied in
popularity, and using this technique, such a celair measure has yet to be found -
l.e. non-event related, waking EEG phenomena wenchd be strongly linked to
individual differences in intellectual ability. Arevent-related evoked potential
(ERP) work remains subject to the usual problem=utitire-fairness in any other
realm of experimentation — the stimulhich evoke the brain activity must
themselves be culture-fair, which can be an issugiftually all forms of
experimentation, psychophysiological or otherwiteshould be noted, then, that
despite some unique attributes, EEG and ERP measaretheless remain “merely”
another form of dependent variable, and their maaigrmeasures of change in brain
electrophysiology still requires some caution ieithnterpretation.

Deary and Caryl (1993), Caryl et al. (1999) an@fyeCaryl and MacLullich

(in Deary 2000) have provided reviews of experirakfihdings in the exploration of
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brain electrophysiology and IQ since Knott, Friednaad Bardsley (1942). From
then until the present day, many analytical techesghave been applied to the
waveforms evoked by brain activity. The wavefom@sorded by EEG and ERP are
not dissimilar to those generated by many othenoof electromagnetic radiation -
the EEG trace is a graphical representation ofaatal changes in electrical states
over time; in this case, electrical states gendrhayebrain tissue. Because of these
similarities, analytical techniques otherwise agglin the study of electrical,
acoustic and electromagnetic phenomena are eqa@ilicable to EEG and ERP
data, e.g. analyses of wave frequency, spectraposition, frequency coherence
across scalp or generator structure locationst¢dasscy, and voltage amplitude.
Deary and Caryl (1993) note that rather than produconsistently directed
research, this plethora of analytical methodologies practical techniques has
resulted in few “directly comparable” studies otiere, most especially in regard to
explorations of putative links between brain atyivdnd 1Q. As EEG is inherently
imprecise in terms of the localisation of thesengjes, although it provides a
sensitive measurement of changes in electricaligctver time, minor differences
in methodologies (or individual differences withgarticipant samples) between
studies can result in an apparent lack of congigtenfindings.

Studies between 1942 and 1969 made extensivef figgjoency analysis of
free EEG, and demonstrated very clearly the isetiesplicability and consistency in
findings mentioned by Deary and Caryl (1993). kestpy analyses were probably
borne from the earliest EEG-related phenomena.sBanger (1929), a psychiatrist
accredited with the invention of the basic eleaticephalographic technique in
humans, was the first to notice that the frequesfdyEG activity could be used to
approximately classify the conscious or unconscgiate of an individual (Adrian
1935). The “Berger Rhythm” later became knownalptfa-wave” activity, an 8-
13Hz periodicity in brain electrical activity maest by idle or resting, but otherwise
wakeful human volunteers. Berger (1929) also ntdtatwhen a participant
performed mental arithmetic, the frequency of tlagpha rhythm was reduced (Batt
et al. 1999), implying that active cognitive prases could affect the electrical state
of the brain. Other frequency bands have similbdgn associated with different

cognitive states; from 1-8Hz, delta- and theta-bactd/ity denote the stages of sleep
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(Niedermeyer 1993, Schacter 1977), while frequenitem 13-20Hz and 20-44Hz
respectively denote the beta and gamma-bands,iatsbwith focused attention
(beta activity, Steriade 1993) and sensory peror@nd “binding” processes of
attention (gamma activity, Rodriguez et al. 1998Bhus, analyses of the frequency of
resting, wakeful brain activity were a logical pato look for links with 1Q; as with
T.E. Reed’s studies of nerve conduction veloctthais been theorised that
intellectual abilities may be influenced by low-&unctions of the brain such as
individual differences in the speed of neuronaivitgt  This “rhythmic” activity of
the brain at rest is consistent with the findingsf later event-related
methodologies. If one reviews ERP waveforms thhoug the majority of the ERP
literature, at least three major deflections amy wemmonly present during task
performances - usually the P100, N200, and P30(oaents in that order — and
which cycle over a time course of approximately de2onds. It is therefore
apparent that normal human brain activity eitheeat or during the performance of
a task appears to involve highly regular, cyclsfafts in the electro-chemically
mediated activity of neurons. This activity resutt the production of short-term,
modulated electric fields from synapses and axansuhd their resting levels”
(Nunez and Srinivasan 2006), either spontaneousdgcordance with the normal
“background” operations of the brain in the absearfoavert stimulation, or literally
“on average” during event-related recordings syoicised to stimulus presentations
and task performances.

Knott, Friedman and Bardsley (1942), Shagass (134&gzer and Smith
(1950), Mundy-Castle (1958), Mundy-Castle and Nelgk®60), and Giannitrapani
(1969) measured correlations between individuafsha wave frequencies (i.e. from
non-event-related EEG) and assorted 1Q measudading the Stanford-Binet
(Kreezer and Smith) and WAIS-R (Gianniatrapanijg@s populations including
children, mentally retarded adolescents, and ndyrhaklthy adults. Across all five
studies, however, the alpha wave-1Q correlationgwariously negative, positive,
and absent. Work between 1969 and 1974, howawvewexd some indications that
within populations of intellectually diverse indilials, relatively more intelligent
individuals showed a negative EEG coherence — i@eladion, interpreted as

tentative evidence that higher 1Q was manifesbime form of more rapid or more
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diverse brain activity (Osborne 1969; Everhart,f@hand Auger 1974). Thatcher et
al. (1983) and Gasser, Jennen-Steinmetz, and \éer{@§87) were able to show that
coherence (i.e. the synchronisation of the frequefdifferent brain regions
according to task demands) varied in a consistamn@r between normal-1Q, high-
IQ and mentally retarded populations of childrespecifically, patterns of early
activation in the brighter children were manifedtatively later in the recordings
from retarded children. Deary and Caryl (1993gipteted this finding as a
reflection that “....progressive differentiation dtbrain (which is less complete in
retarded subjects) will reduce coupling betweefedght regions...”, resulting in a
delay in the conduct of similar processes in méntatarded individuals when
compared to more intelligent individuals.

Burns et al. (1997) noted research interest in eddkgh-gamma-band
activity and the origins of consciousness, but suotk is broadly outside the realms
of the current studies and not necessarily relatd@. In general, the use of spectral
and frequency-based analyses of free EEG has bdesspopular over time than
the use of averaged (AEP) or event-related (ERF3 Eleasurements, likely due
both to an inherent and important methodologicabfam for “free” EEG recording
techniques, and also to shifts in the subject anei@r investigation. The inherent
and important methodological problem for free EE@ &) is that whenever the
EEG is not produced in response to task demanele th poor control over
participants’ actual mental activity at the timere€ording, and the experimenter
knows nothing of the participants’ mental actiiéyyond the spectral activity
associated with wakefulness. As will be shown iater study in the present series,
alpha-wave activity may also be present during feskormances, and thus is not a
reliable indicator of onlyelaxed wakefulness. Although the experimentey ma
request that the participants e.g. sit and obserages, or simply do nothing during
the EEG acquisition, there is every possibilityt th@ame participants are actually
engaged in mental activity, e.g. mentally reviewamgupcoming shopping list, or
otherwise day-dreaming during an idle moment.

In contrast, event-related potential methodolo@#RP) allow for much
greater control in this regard. Typically, thetpapant is given an explicit task to

complete per stimulus presentation, and the reegroi evoked potentials is
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synchronised from the moment of the perceptiortiofudi until one or two seconds
have elapsed — usually long enough to record #wtrephysiological processes
underlying the perceptual, decision-making andaasp-selection processes of
cognitive tasks. The participants’ success incttrapletion of the task at hand is
therefore a valuable index and indicator of whetiranot a participant was actively

engaged in the task — i.e. there is an adjunct unead whether or not the

experimenter’s instructions were obeydd contrast to free EEG techniques, brain

activity during ERP methodologies can be quitersihp causally linked to task
performance. Deary and Caryl (1993, 1997) and IGargl. (1999) discussed some
aspects of ERP waveforms which have shown reldtipaswvith various 1Q

measures.

1. Component Latency

When one or more areas of interest have beenadefuithin an ERP,
differences in the onset time of these componeatg lme examined for differences
related to I.V. manipulations and / or individu#ferences. Caryl et al (1999) cite,
uncontroversially, that such onset variations maydtated to the speed of
operations within the central nervous system. Withe realm of event-related
methodologies, however, the timinfjoperations in the CNS may indicate the
existence of influences not solely related tohis tase, intellectual ability. When
ERP components begin at relatively different timesither the individual or group
level, the causes of these onset time differen@gsbe bottom-up processes related
to neuronal transmission speed, or top-down presestdirected attention, and it is
difficult to state which explanation is more likedgrrect.

The concept of neuronal transmission speeds playiode in 1Q is not
dissimilar to the underlying concepts of the IT huetology or nerve conduction
velocity, i.e. fundamentally faster CNS activigncresult in more rapid cognition in
various ways. ERP component onset latency is aremmdependent variable within
ERP studies whether or not it is correlated withol@ther measures, but the
determination of onset latency can be a diffical aubjective dependent measure to

evaluate as shown by the following waveform.

29



Figure 1 : Sample waveforms from the first in thegent series of studies.
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Although there are several methods of defining E&ffons of interest, the
simple presence of visually-apparent peaks in theeform remains a valid means
of identifying prominent components. In Figurealcopy of Figure 8 from the first
ERP study in the present series) the evidencedofidual differences in ERP

waveforms is clear — some individuals simply do stadw peaks which can be

readily identified as componen(the traces for examples-3 and -4 in figure 1)ijavh

other individuals do (examples-1 and -2 from figliyeand the issue of individual
differences in ERP waveforms is a highly promingaricern in this area of research.
In figure 1, example-3 does not show a promine®OP While example-4 does not
show a prominent P300 region. Luck (2005) advacatechnique which requires
individual scrutiny of the grand average waveforen participant, per experimental
condition, and per analysed electrode site, atderabsence of clearly distinguished

peaks in individual waveforms, subjective judgensmequired to determine onsets.

Clearly, this lack of a definitive procedure fottelenining component onset is a
problem for objective and rigorous experimentatemg the time-consuming
practicality of a method requiring individual sanyt of individual waveforms also
poses considerable real-world difficulties - itdsipossible that an experimenter
may have to individually examine many hundreds a¥@forms in exacting detalil,
and then still be required to make judgements dpeniticism. An alternative
procedure to derive component onset latency idaira that of deriving amplitude

values — a time window is derived from a group dramerage ERP in some way,
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and the largest or smallest value with that wingiawparticipant is deemed to
represent the onset time of the component in questrigure 1, however, shows the
other potential problems this approach may incaigor any time window selected
from a group grand average as showing criteriotedgbns may show few
similarities to those obtained from individual peigants’ data.

2. ERP Morphology and Complexity

Measures such as Rhodes et al.’'s (1969) “excursr@dsure, the
Hendrickson (1980, 1982) “string length” techniquml Zhang et al.’s (1989) P200
gradient measures have all been used as metheasmwining whether modulations
of ERP wave shape were related to 1Q. As an ERpe is determined by the
magnitude of and changes in the direction of tlketdatal polarisation of neurons
over the recorded epoch, it is possible that sasped of processing complexity
could affect the wave modulations over the timersewf the ERP. The “string
length” and “excursion” techniques attempted td@at®e the size of, and variation in
the waveform’s perimeter, as a measure of the cexitglof ERPs’ shape. The
P20G measure was otherwise quite different, and was tesedaluate the rapidity
with which the N150-P200 wavefront rose from theamamplitude value between a
window of 75-275ms to the peak of the P200 compb(sae figure 2).

Figure 2 : lllustration of P2Q0region from Vigil-Colet et al. (1993)
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A third potential ERP-IQ correlate of IQ not exjiliz covered by Caryl et al.
(1999) is that of component amplitude. As with pament latency, variations in
wave amplitude are a common dependent variabl&® Bethodologies, and
amplitude may vary in response to task demandsa@anditions. Amplitude
variations are produced by the summation of pa#ioas across relatively larger or
smaller neuronal populations in relationship wita tognitive demands of the task.
As such, some variation in component amplitudeiseenelycommon in ERP
methodologies, although as stated earlier, thatsstysof the ERP technique to
individual differences is also an issue here, mé which can be compensated for by
later statistical analysis and correction.

Burns, Nettelbeck and Cooper (1997) make brief merdf 28 studies where
component amplitude measures were related to Ifxhe?8 studies, 17 showed
“...a positive although not necessarily large or gigant relationship (with 1Q)....”
(e.g. Perini et al. 1989, Stough et al .1990) wthikeremaining 11 showed a “...a
negative although not necessarily large or sigaificelationship...” (e.g. Daruna
and Karrer 1984; Egan et al. 1994). Although tlameears to be slightly and
literally more evidence in favour of positive asstions with amplitude and 1Q than
negative, some of the studies cited in the li2®are not reputed for showing
amplitude-related differences as primary effec@aryl (1994), Rhodes et al. (1969),
Hendrickson and Hendrickson (1980), Zhang et &89) and Jossiassen et al.
(1988) are included in the list of 28, but theselis found complexity, latency or
gradient-based differences to be of note — anachdi@mphasise amplitude-based
differences. From the full list, however, componamplitude seems to be hugely
variable across tasks, featuring sometimes diacadiiriopposing associations with
Q.

Although several measures of ERP component latandyamplitude have
shown some correlation with IQ (e.g. Shucard anthH®72; Shucard and Callaway
1974; Sandman and Barron 1986; Barrett and Eyse9@#; Caryl 1994; Deary and
Caryl 1997; Burns, Nettelbeck and Cooper 2000x4hrelationships have also been
difficult to replicate and do not point to an obwsoconclusion - different temporal
regions of the ERP, and their scalp distributioaseal statistically significant

associations between different measures of 1Q aad klectrical activity across
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studies. The first, and major investigations cdraged evoked potential latency and
IQ are largely accredited to J. Ertl in a serieantitles from 1965-71 (Chalke and
Ertl 1965, Ertl and Schafer 1969, and Ertl 196919 Ertl's work was broadly
based on the assumption that speeded mental pesossse the basic underpinnings
of intellectual ability, from which AEPs (averageo&ed potentials) could be used as
relatively pure measures of brain activity freenfre.g. behavioural or other
confounds. Ertl's methods recorded AEPs from antedde montage described as
“a peculiar bipolar...placement” (Calloway 1975; presbly, Calloway was
referring to Ertl's electrode montage, which did nse a reference site which was
relatively free of ERP activity) in response todamly-timed light flashes. Ertl
variously noted that the responses of a groupdiiduals described as possessing
“superior” intelligence showed significantly fasmymponent onset times than an
intellectually less capable group. Deary and C&r9D3), however, noted that there
was no formal 1Q testing of participants, and Britl Chalke’s original study
involved individuals described only as postgradsaelents, military cadets, and
mentally retarded. Ertl and Schafer (1967) perfmra similar study using 573
schoolchildren, and cited significant correlatitmetween four AEP components and
three separate 1Q measures.

Ertl also devised and attempted to popularise aralefficiency analyzer”
device which aimed to apply his AEP methods to pl®a testing system and
intelligence index for schoolchildren, but criticisof Ertl's general methods (and
concomitant findings) have been numerous and thieeevas never generally
adopted. Calloway (1975) devoted approximatela@gs of his book in
enumerating various problems with Ertl’'s studiesjuding Ertl's non-standard
methods of peak detection based on zero-crossagsas. Ertl's AEPs were
interpreted in terms of polarity changes from pesito negative or vice versa, rather
than the “standard” manner of using average voltaggnitudes or specific onset
times within pre-defined regions. These methodgkdgrregularities apparently
caused confusion in interpreting Ertl’s findingedaCalloway attributed this to “...a
natural tendency to equate events identified Enthy with components identified
the way almost everyone else does things...” (Cao¥8v5, p45). Ertl's methods

of component identification, therefore, no mattewhwell described, were irregular
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and unusual — although Calloway did acknowledgettiia was perhaps more of a
problem for readers of Ertl's work rather than Brthethods per se. Regardless, the
zero-crossing analysis technique Ertl used was pupoat the time, and has
remained uncommon in EEG methodologies.

A greater problem for Ertl’s findings was that n€onsistencies and
difficulties in replication of these speeded latefindings. Rhodes et al. (1969)
found differences in waveform complexity (usingesly version of Hendrickson’s
“string-length” measure which involved a cartograp® map-wheel) among high-
and low-intelligence groups of children, as welbasplitude differences during the
P100, N140 and P190 components which visually iffeated both groups. Their
latency measures, however, showed no notewortfgreifces or associations,
indicating nothing of interest related to speedeshtal processing. Dustman and
Beck (1972) also found no prominent or consistéfferénces in latency related to
IQ (nor in component amplitude), although Benn&6g), Shucard and Horn (1972)
and Caryl (1994) were successful in finding sontenley differences. Differing task
methodologies seem to result in inconsistencigbepresence of components and
their onset latencies in correlations with 1Q. &md and Horn’s methods, for
example, bore some similarities to Ertl’s in thateautral EEG reference site was not
used, leading to confounds in the detection oWagtin the resultant AEP or ERPs.
It seems that Ertl's work was replicable, but osdyfar as experimenters were
willing to use the same non-standard methodologsertl did originally.

Caryl's (1994) methods have been applied to a skttérom the present
series of studies, and are presented as findingifinal experiment. Caryl’s
method involved correlations between participal@sscores and the gradient of the
ERP measured across a moving “boxcar” window. Ga884) found that brighter
subjects (i.e. with higher 1Qs or more rapid ingfmectime values) showed early
correlations in ERP gradient between 100-200ms sfte@ulus onset and their 1Q
measures, and stated that :

“....rather than demonstrating that stimulus proaegss uniformly different
between subjects...... studies may locate certain alisiages where intelligence-
related differences are apparent...... Neither the glolgasures of ERP ..... nor

conventional measures of the latency and amplitdicieajor peaks and troughs of
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the ERP....have been able to provide informationheprecise time course of
intelligence-related differences in stimulus preteg’. (Caryl 1994, p16).

Caryl's (1994) findings were consistent with twales (Zhang et al. 1989a
and 1989b) and one later study Morris and Alco@98), all of which used
inspection-time type methodologies for stimulusspreaations. Across these four
studies, the rise-time of the region between thBONAnd P200 components (labelled
the P20, or the N1P2 by Morris and Alcorn) was found tosignificantly, and
highly correlated with two different measures of(RRaven’s Matrices and the AH5
battery) and one known, strong correlate of IQ@atsion time). Higher-1Q
participants showed steeper gradients during Heeto the P2G0egion in all cases,
resulting in strong, positive correlations betwé&@rand P20 (approximately 0.59).
The N150-P200 region has previously been assocratbdrocesses involved in
identifying and making decisions about stimuli (@holm and Koriath 1985).
Chapman et al. (1978) suggest that this early regiay also reflect transferral
processes in short-term memory, and thus thersasne obvious associations with
the onset time of the P200 region and intellecabdity — faster decisions from a
more reliable short-term memory may constitute draatage in simpler cognitive
testing. These four studies, although showing simcensistencies with each other
(e.g. Zhang et al’s correlations were present antpng non-masked stimuli, while
Morris and Alcorn’s effects were manifest only attain electrode sites), provide
probably the strongest and most consistent linkis intellectual ability found thus
far.

Several ERP studies have therefore demonstratethtbacy, amplitude and
gradient measures of ERP waveforms are relate@,tbut in the case of latency and
amplitude, in variable and inconsistent ways, anthé case of gradient measures, in
only 4 studies. Barrett and Eysenck (1994), howeawate that there is “too much
meaningful agreement” to completely discredit theaept of electrophysiological
correlates and origins of 1Q, but nonethelessretaionships between the P200
region and IQ measures shown by Zhang et al, Cangd Morris and Alcorn, and
some later string-length work, remain among the ¢ensistent phenomena in this
literature. Vigil-Colet et al. (1993) also foundreelations between participant IT

and onset latencies for the P2@hd P300 components, although the strength and
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significance levels of the correlations were natipalarly robust despite a very
large sample size for an ERP study (N=200; r=018555, p<0.01). This large
sample size and relatively low significance levabvwperhaps made possible by, and
arose due to a relatively crude definition of orla&ncy for the components of
interest; components were not identified by anyai®r statistical presence, and
instead, were defined “conventionally” as occurnmithin pre-defined epoch
windows without individual scrutiny of the wavefasmVigil-Colet et al. also did

not collect any information on participants’ 1Q,daimeir study is therefore somewhat
bereft of an overall context; although IT is a kmoand frequently strong correlate
of 1Q, it remains no substitute for a psychometneasure of 1Q. Aside from these
“4 and a half” studies, this work does not appedrave been pursued further. The
onset latency and amplitude of waveform compongsedsn particularly prone to
inconsistencies in results, and it is further difft to create direct links between CNS
functions or neurophysiology and ERP componenhigte The cellular structure of
the outer cortex of the brain is incredibly densd eomplex, and recordings from
any individual electrode placed on the scalp (amerery large electrode montages)
necessarily show the summed activity from perhaps of thousands of neurons
immediately beneath it - the outer cortex as wimkstimated to be composed of
approximately 10 billion neurons (Nunez and Sriea#a2006). In this sense,
although the temporal resolution of ERPs is angputed strength, it is also very
difficult to state precisely how ERP componentnateis related to any neurological
or electrophysiological function(s) involved in agnitive task at hand. Component
latency may also be affected (or perhaps unintealip confounded) by top-down
attentional processes, where more rapid onset tnagsreflect a greater tendency to
draw participants’ attention, rathéiran lower-level differences in cognitive
processes. In contrast, the difficulties of resm\wcomponent amplitude differences
pertain to the confidence with which assumptionfuattionality can be made
regarding the activations of literally billions méurons per millisecond.

Although subject to criticism and difficulties ieplication, Deary and Caryl
(1993) noted that Ertl's methods could be regamated forerunner to the concepts of
waveform complexity later adopted by Hendricksod Bendrickson (1980, 1982)
and Blinkhorn and Hendrickson (1982). Adoptingféedent viewpoint from that of
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speed-related differences in processing, notiorsériofy length and evoked potential
wave complexity re-considered notions presente@dlioway (1973) that higher-1Q
individuals may show greater variations in comhorad of EP amplitude, latency
and symmetry over the course of entire ERP waves.

It is acknowledged that ERP amplitude is relatethéooverall size of the
neuronal populations activated during task comgetand that onset latency is
probably related to the detection of task-relesimulus features, but there are
relatively few ERP components which can be tigh#fined as representative of
highly specificmental processes. The N170 component, for exansgt@own to be
indicative of processes involved in the identificatof the component parts of
human and animal faces (e.g. Bentin et al. 1998j)lewthe P300 component is
strongly related to attention, stimulus novelty éimel difficulties of stimulus
discrimination (e.g. Tueting et al. 1970, Hillyaetlal. 1973). The cognitive or
electrophysiological processes which evoke the P@@bdefore, are very broad when
compared to those attributed to the N170, and tsanlkee applied to highly diverse

task demands — i.e. a P300 will be evoked by Mist@any task which involves a

prompted discriminatian The P300’s presence is therefore not limiteanyp

specific task or methodology, and according to L(#305), there remains no
definitive statement of the actual cognitive preessunderlying the P300
component. When the P300 is present in an ERFMeVer, statistically significant
differences in its onset times or amplitudes betwaanditions can otherwise

strongly indicate that a participant was awaketadend attempting to fulfil the task

demands There may therefore be many reasons why an HRBrwaveform may
vary, subsuming multiple mental processes (and/iddal differences) as it was
recorded. This is one of the reasons why ERPsldti@uconsidered “merely” as an
alternative DV — there are occasions when it remaimclear exactly how the ERP
arose from cognitive activity — and vice-versa.

Hendrickson and Hendrickson (1980) proposed thatdtRations may also
provide some measure cdmplexity(essentially quantified by a standardised
measure of the length of the ERP’s contour or petémdistance over component
windows) andrvariancein mental activity (i.e. “the average variabilafeach
sample point on an AEP over a number of epochsaret and Eysenck 1994), and
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that these variations could be related to 1Q. Tenigp-cheek, Hendrickson and
Hendrickson (1980) described the method of measeméas a “...sophisticated
means of sticking pins in an enlarged copy of thielished waveforms, and carefully
drawing a thread between the pins so that it soyersed the waveform....”.
Hendrickson and Hendrickson found that the lengtihe string, or perimeter
length of the ERP, correlated highly (0.77) withS&ZI scores from participants.
This complexity measure became known as “stringtleén, and a largestring-
length measure, coupled with loweariability, was taken to indicate the presence of
a higher 1Q (i.e. a “lower pulse transmission €fjrorhile the converse of this
indicated relatively lower 1Q values. Thus, the ggherated from high 1Q
individuals was expected to possess diversityemilimber and magnitude of its
deflections, resulting in a larger / longer periemetind was also expected to show
consistency across higher-1Q individuals in dispigythese more numerous
deflections. Hendrickson and Hendrickson'’s theeag based on concepts of
neurological transmission and filtering within tiain; of all the information
conveyed by the senses, much of it is necessdtédyefd at any given moment by our
attentional focus. This notion of “consistently quex” variation in evoked potential
recordings is not dissimilar to Detterman’s (198i8ories on the variability of
responding in RT tasks among the mentally retardéde@ye a putative mechanism in
intellectually normal individuals is impaired, rétsug in a reduced ability to achieve
an optimum level of performance and maintain itdedong as possible.
Hendrickson and Hendrickson proposed that “puls@dt of activity in neurons
comprise the transduction process of converting@gnnformation into an as-yet
unknown form of neurological coding, and that tleeiral encoding was or is
probably based around frequency variation in tipegge trains, as well as the use of
specific pathways ultimately causing summationgecsfic neuronal regions
“downstream”. These pulse trains were theorisdektoapid, since the transduction
of sensory information and the initial perceptidnt@an often be very brief —i.e.
what information there is must be detected andsttaced quickly to be usefully
perceived by the organism. Hendrickson and Heksloie theorised that additional
information must be present among these pulsestguen that spreading activation

of successive neurons in a neuronal firing sequewoeed necessarily result in
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neurons farther along the chain of activation Igsiformation from the prior
pattern of stimulation as it travelled onward. Wlleese pulse trains are encoded
and transmitted accurately, the result is saicetananifest in AEP waveforms which
possess more diverse morphologies than when erensresent in the transmission,
with errors reducing the size and number of defdestin the final AEP wave.
Hendrickson and Hendrickson’s further theoreticalsiderations of the interactions
between intracellular sodium ion pumps, putativélARnolecules, and “error”
interactions in neurological transmissions haveativacted much further theoretical
or experimental interest — Batt et al. (1999) Bitsbinson’s (1993) opinion that
“...the Hendrickson theory is “at odds with fundana¢meurological facts”....”.
Nonetheless, the Hendrickson string-length medsaseébeen re-investigated on
several occasions.

Blinkhorn and Hendrickson (1982) replicated theyimal Hendrickson study,
this time using a mathematical expression to deheeERP string length rather than
literal string measurements, and the idea of siength as a correlate or measure of
intelligence proved compelling :

..... Kline (1991) has commented that if some of tégorted results were taken
at face value then the string measure would bdraosa perfect test of
intelligence.....” (Batt et al. 1999).

Numerous studies attempted to replicate thesengslibut have also revealed
the semi-familiar pattern of inconsistent resutsAeen brain electrophysiology in
general and IQ. Burns, Nettelbeck and Cooper (Lp88vided a review of
electrophysiological studies using string lengtraswees. Of 14 studies using string
length :

- One found correlations in the opposite directiotlendrickson and

Hendrickson’s (1980) results - Bates and EysengR3}, a finding later
repeated by Bates et al. (1995) and Batt, Nett&lbad Cooper (1999).
(Bates and Eysenck, however, do not regard thgsesopy results as
inconsistent with the theoretical biological origiof string length.)

- Seven studies found near-zero correlations (Shagads1981; Sandman and
Barron 1986; Vogel et al 1987; Barrett and Eyset@82b, 1994; Widaman
et al 1993; plus Burns et al.’s 1996 study it}elf.
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- Three studies found moderately high correlatiorsi¢Het al. 1983;
Blinkhorn and Hendrickson 1982; Gilbert et al 1991)

- Three studies found moderate to strong correlaiidiendrickson 1982b;
Stough et al. 1990, 1992).

The string length technique has been criticised tmee, however, chiefly due to
an inability to agree on exactly how the perimetecursion of an ERP should be
related to 1Q in principle, and therefore precisghat is being measured by the
string length technique. Vetterli and Furedy (19@&de early criticisms of the
string-length measure related to issues of stamslagithe ERP recording methods
and deriving the string length values themseles use of different sampling rates
can affect the string value, as can the scaling®print-outs from which the early
string values were derived (which were subsequematisected in later studies by
using computerised arithmetical derivations ofgtreng length value.). Bates and
Eysenck (1993), and later, Bates et al. (1995) gge@ and demonstrated that the
string length measure was also strongly affectedttgntional factors rather than
purely by 1Q differences, with higher-1Q individgabeing able to devote less
attention, with excess attentional capacity renmagjrio spare, whilst using less
metabolic “effort” to do so than lower-IQ individisa Batt, Nettelbeck and Cooper
(1999) state that Bates et al.’s interpretatiothefstring length phenomenon can be
described as similar to a measure of metabolicgyr®ynsumption during cognition.
Bates et al. (1995) were able to show this to bectise by manipulating participants’
attention, finding that high-IQ participants showeductionsn string length during
tasks requiring focused attention, rather thangelastring length value as would be
predicted using Hendrickson and Hendricksons’ nagconcept.

Although this reduced string length effect has bieeimd on at least three
occasions (Bates and Eysenck 1993, Bates et a&, 488 Batt, Nettelbeck and
Cooper 1999), some doubt has been cast on theajeaédity of the string length
measure as a theoretical construct. Robinson Ji88Rised string length for its
non-specificity. As the string length measure otaoked potential is naturally
affected by the frequency and amplitude of therbaativity which produces itin a

“global” manner, there are several reasons whyay rary - Haier et al. (1983)
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criticised its reliance on amplitude, while Burhgttelbeck and Cooper (1996) view
the string length measure as “non-specific and egusntly not useful” in further
understanding putative links between brain phyggltrain electrical activity, and
intelligence. Interestingly, however, Nettelbegpeaared undecided on the issue of
the validity of the string length measure, haviegiv accredited as a second author
in both the Burns et al. (1996) study stating #tahg length was no longer useful,
andBatt et al.’s (1999) study which re-evaluatedstreng-length measure. Batt et
al. (1999) found no differences between 4 high- 4&uhalv-1Q individuals in terms of
waveform complexity, and, significant correlatidretween string length and 1Q
were associated only with some sub-scales of théSARAscale rather than full-scale
Q. Batt et al. eventually concluded that “....Whaatkthe string length measure
constitutes the wheat or the chaff is an open gurest.” — a conclusion that neither
confirms nor precludes Burns et al.’s (1996) opasio Further work in the area of
AEP or ERP correlates of 1Q has apparently shiibeds; relatively few studies
were subsequently published concentrating on noachalk populations since 1999,
with much of the work in this area focusing on dirgks with dyslexia, clinical
syndromes, developmental issues and genetic irdagefe.g. Rodriguez et al. 2006,
Ikebuchi et al. 1996, Boomsma 1998 and Hansell 2085).

Drawing together all of the areas of research kerfar results in a disjointed
view of the contributions of EEG, AEP, and ERPHe study of intelligence. As
Barrett and Eysenck (1994) noted, it is appareattttie studies listed were not in
vain given that someorrelational phenomena were present betweentadsor
psychometric measures of intelligence and braictebal activity (including well-
respected and standardised psychometric testsasuehven’s Matrices, the
Wechsler adult and child batteries, and the AH&sgmore often than not.
However, these phenomena are demonstrably highigbla and most importantly
do not point clearly to any “integrated” or comgl¢heory of the relationship
between brain electrophysiology and 1Q. Two ofrii@e historically robust and
replicable measures, namely the gradient studieghlng et al., Morris and Alcorn,
and Caryl, and the later string-length measuresthe rapidity with which certain
ERP components change polarity, and the generalainod variation shown within

the typical 1-2 second ERP durations) suggestsibrae form of speeded mental
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processes or metabolic energy expenditure are pipbalevant. Individuals with
relatively higher IQs tend to show steeper gradievnthin certain early regions of
the ERP, and also show simply larger numbers adrgiatl regions of interest via
greater numbers of deflections within their ERRowldver, the origin of these
speeded mental processes or metabolic exertiorsnmsmnclear in strictly
biological terms, and it appears likely that supbesl is not a purely biological
matter of the propagation speed of action potentikdng neurons. Were this the
case, effects related to mental speed would likelhighly pronounced, more

consistent, and more easily replicated.
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CHAPTER 3

Inspection Time and Intelligence

Research in the causal factors of intelligenceitsadsrmal origins with
Galton (1883), and became a hugely diverse togia aver the whole of the 20
century, with potential influences including indivial and population genetics,
biology, learning over the lifespan, and individpal/chological / mental variability,
comprising thousands of individual items of reskarthe inspection time (hereafter
IT) task’s essential rationale has its theoretiralerpinnings in Sir Francis Galton’s
(1883) notion that intellectual capacities werated to an individual's innate
guickness. Galton had been influenced by Darwimepties of evolutionary
selection, and was especially interested in readitoe (RT) and sensory
discrimination as potential indices of individuafferences (Deary 1986, 2000).
Stankov (2005) noted that research interest ingpéo@al and cognitive speed as
implicit in IQ has waxed and waned over thé‘Zﬁntury, and interest remains in the
concept, along with increasing evidence that humiatiectual abilities may be
related not solely to an individual’s life experies and various learning
experiences, but may also possess a biologicad.basi

Arguably one of the most profound discoveries imhu intelligence is the
psychometric concept of “g”, or “general intelligeri. General intelligence has
been observed since work by Spearman (1904) aqtes similar in concept to
Cattel and Horn’s “fluid” intelligence (1966a). @lapplication of principal
component and confirmatory factor analysis to testatellectual ability
consistently shows the existence of a large, “sup@rate” factor (Deary 2000)
which accounts for substantial proportions of tégat score variance, and whose
existence therefore influences scores on almosuélitest items. According to e.g.
Crawford et al (1989), the first, un-rotated faatoiprincipal factor of the WAIS-R
scale accounted for 52.9 % of the total variancallatleven sub-scales in a sample
size of n=120; very close to the 55.3% shown byotfiginal WAIS-R test
development population more than ten times as I@&80 individuals).

This principal factor accounts for a large propmrtof variance in

intelligence test scores, including test itemsteelapecifically to subsequently
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learnedcognitive abilities (e.g. verbal fluency, vocabylanathematical
computation etc.), and it is often considered t@abénnate feature of each
individual’'s biology, contributing to and perhapsderpinning most other aspects of
their intellectual ability. Although the notion gfis an early feature in work on
human intelligence, first cited by Spearman in 1804 1927 as half of his “two-
factor theory”,g was relatively controversial until the 1980s, despig. similar
previous assertions by Horn (1967) that “fluiddéligence was not learned or
acquired, but innate. Thurstone (1938), a contearg@f Spearman, was an
influential proponent of multiple “primary mentabifities” rather than a single over-
arching factor, while Guildford (1985) “...tendeditoplement factor analytic
techniques that ignoregl....." (Deary 1992). Deary also quotes Sternber$y23()
question :

“Almost eighty years after the first presentatidrpearman’s (1904) two-
factor theory, has anyone answered through fattmeans the question of whether a
general factor exists ?”.

The answer would seem to be “yes”; subsequentaimBerg’s question,
Gustafsson (1984) and Carroll (1993) published celmgnsive and independent
studies again showing the existence of a largeipah factor in multi-task
intelligence batteries, largely ending the contreyefg’s existence. Gustafsson
(1984) and Carroll’'s (1993) work separately examioeer 450 data sets in total,
including data from Thurstone and Guildford in &zely half of the 20 century
(Deary 2000, Jensen 2005). Both Gustafsson’s (1984fying model” of
intelligence and Carroll's (1993) models produceatdrchies of contributory
components of intelligence. Gustafsson’s modelooifirmatory factor analysis
(from his own study of 981 individuals) producedf orders of factors comprised
of 31 components, of which three third- and onetfeorder factor involved
“general” components g itself, Gera, Giuid, and Grystalisea With g and Guig
showing a perfect correlation. Gustafsson’s amahyss also “unifying” in the sense
that it leant support to three other models oflligeence (Spearman’s two-factor
model ; Thurstone’s (1938) primary mental abiliti€3attel-Horn’s (1966a) fluid and
crystallised intelligence, and Vernon’s (1950) grdactor theory) all of which

shared individual test components of Gustafssomdehas interacting contributors
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to overall intellectual ability. From Gustafssonm®del, two large superordinate
factors § and Guig) provided a basis for abilities in several smadigi-populations
of test items, validating both the concept of gahitelligence as an over-arching
contributor to variance (Spearman, Cattell and Fsogeneral intelligence theories),
and the contributions made by smaller factors c@simy sub-sets of more specific
abilities (Thurstone and Vernon'’s group-factor ities).

Although larger in initial scope, Carroll's (1998}erpretation incorporated
450 other datasets from an initial population d@,5and generated three orders of
factors rather than Gustafsson’s four. Carrollgkvagain indicated the presence of
a general factor followed by numerous smaller fes;tandg was again a final-order
factor (in this case, third-order rather than fourtBoth Gustafsson and Carroll’s
analyses showed that a general factor tended tuatéor 30-50% of all variance in
sub-test scores, including many very commonly-wsetisome subsequently learned
cognitive abilities such as verbal and printed leage comprehension, free memory
recall, memory for sound patterns (e.g. music amdber sequences), reading speed,
figure copying, and the manipulation and estimatbapatial objects. Given the
repeated presence of a general factor in large seellyses, further dispute@$
existence would have to fundamentally criticiselthsis of factor analysis as an
entire analytical technique, and, criticise a ntudte of studies which showegdas a
factor as having been severely flawed. Even eaHan Carroll’s (1993) study,
Detterman (1987) stated that “It is impossiblénihk, to deny the empirical reality
of the phenomenon.” (p.181) — i.e. the existenag of

The further nature af, however, is not clear despite the statisticatlence
for its existence. Whilg can be defined as a statistical factor in intelige testing,
its literal nature as a specific cognitive abilirybiological function which facilitates
intellect remains unclear. Although several biatayfactors do correlate with
measures of, such as brain size and volume, nerve conductdocity and
myelination of CNS tissue, ERP and EEG charactesisand neural pruning (Haier
1993; Miller 1994; Rushton and Ankney 1996; Deargl &aryl 1997; McRorie and
Cooper 2004; Reed et al. 2004; Neubauer and Fik)2there appears to be much
correlational phenomena associated withut little definitive statement of hog

arises from our physiology and thereby influencesliectual functions. Nerve
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conduction velocity (NCV), for example, was an aus place to begin looking for
individual differences in intelligence, under thgposition that individuals who
were more intelligent than others possessed nersygisms which somehow
responded more quickly or efficiently, perhapshatlevel of individual neuronal
transmission rates. T.E. Reed has been a longatimecate of work on NCV, but
has been unable to show that correlations betwé&aw &hd several cognitive tests
including Raven’s Matrices or the Multi-AssessmBattery exceed +.256 (Reed and
Jensen 1992, Reed et al. 2004). NCV is seeminglgderate predictor in cognitive
processes and intelligence; it is apparently nghllyiinfluential and this may be the
case for some or all of the other physiologicalelates. While no single
physiological correlate discovered thus far accedmt a large proportion of the
variance in ability, several acting in concert nhayinfluential.

As noted by Jensen (2005, p33) from Spearman’snatigvork, “...g is
known not by its nature, but by the variation mlgadings on a wide variety of
mental tests.” . In simple terms, current resedads not fully understand the
biological (and most likely neurological) causecauses of general intelligence.
Kanazawa (2004) and Miller (2004) have stated ghadses a problem for the
concept of “strong modularity” in the mingd;is apparently a “module” that affects
almost all everyday activities (Gottfredson 199Kanazawa (2004) proposed that
alongside a multitude of evolved, and specific ¢thgg modules (citing, for
example, modules that detect faces, assist intsgjenates, or urge parents to
favour one child over another), cognitive moduleis)y also exist which assist in
coping with “novel, non-recurrent problems” suctcasatextually- and
environmentally-specific survival crises. If therhan mind is composed solely of
strongly specific, and importantly, evolvedgnitive modules, novekises cannot be
solved unless a module exists for improvisation @osgtraction in response to unique
or very infrequent events. Kanazawa, thereforggests thag) is such a module for
dealing with real-world difficulties which requisdbstract and improvisational
thinking, but for which an innate cognitive moddiees not exist. If a problem at
hand is one for which an evolvedbdule already exists (e.g. identifying an angry
face in our vicinity), then Kanazawa is of the apmthat “thought” per se is not

necessary — the face-detection module will perfhisitask without conscious
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intervention. Detterman (1987) states a similaniop in specific regard tg and
task performance —

“1Q tests are highly correlated with each otherduse they consist of
complex items, and involve all of the basic proessa each test.” (Detterman 1987,
p182).

Detterman’s view is similar to Kanazawa'’s rational¢hat both imply thag
Is a cognitive module of some kind which may intémaith others. This notion is
tacitly supported by anecdotal observations; alghandividuals with high measured
general intelligence are at an advantage in mdogtgins, they nonetheless also
have their own individual intellectual strengthslaveaknesses. The notiongés a
cognitive module, however, nonetheless still rev@aly little of concrete or
biological manifestations af.

The question of precisely what it is that IQ teseasure has remained
controversial ever since their inception. Deal0@) deals with this issue on the
first page of his book, and by page 4 offers ngéefnition, but a diagrammatical

representation of “....phenomena to be describeceapthined...”. Regardless of
specific definitions, in various intelligence tesscuracy of response to individual
items alone is often not sufficient for successtaad, both speed of apprehension,
speed of response, aadcuracy combined are needed in order to scoldyhig
Further, the advent of the IT task (Vickers, Néttek and Willson 1972) has
suggested quite strongly that some as-yet undefireckss of speeded mental
processing is, if not clearly causally relatedhe overall construct of intelligence,
then at least a stronger correlate than many gbliysiological factors mentioned so
far. Carroll's (1993) factor analyses featuredesal/sub-tasks which incorporated a
speeded element as part of his model; “Procesgipgdfor RT decisions” itself was
a second-order factor, incorporating the speedesftal comparisons and semantic
processing, as was “Broad Cognitive Speedinessiditionally, “Broad Visual
Perception” and “Broad Retrieval Ability” were hdlsndependent upon other
speeded processes such as expressional and idétiency, naming facility,
spatial scanning and relations. At an anecdoval J@ccuracy, speed and efficiency
in various task completions - especially in sim@egnitive tasks such as basic

arithmetic or reading comprehension — are both igdigauseful within everyday life,
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and valued as skills in a variety of occupatioretisgs. Many of the tasks we may
be called upon to perform throughout our livestane-limited in some way, and as
a society, there is therefore an obvious advantagarious real-world settings for
those individuals who can achieve various task aelmguickly and accurately.
Educational systems may foster this throughounhdividuals’ formative years,

while 1Q tests measure aspects of the resultsilatde.

Inspection Time

A newer approach to the study of speed-relatectladas of intelligence is
known as the inspection time, or IT paradigm, amatioues to receive contemporary
research consideration. Kranzler and Jensen (189pPeary (1986) accredit the
earliest studies of IT to James McKean Cattellthie 1880s”, but IT did not receive
popular attention until Nettelbeck and Lally’s (B)8tudy — after three earlier
studies in IT and intelligence at the UniversityAafelaide (Vickers, 1970, Vickers,
Nettelbeck and Willson 1972, and Nettelbeck 197¥)e essential concept of IT was
based on Vicker’s (1970) early theory that indidttuapprehend information from
the environment in a series of discrete “inspedi¢iettelbeck 1987, Deary 2000),
a notion not dissimilar to the “bits” featured hetHick Paradigm (1952), and to
Galton’s interest in rapid sensory perceptionseéeted to intelligence. Essentially,
Vickers initially theorised that the rate of intatesensory information was a limited
innate capacity affected by individual differencasd the IT task was designed
around this assumption.

An attractive element of the IT paradigm is thetigk simplicity of the
concept; participants are prompted by a warning and then asked to identify
aspects of stimulus items (to date, these have afiest been simple geometric
figures) at various presentation durations (knowstanulus onset asychronies or
SOASs), which are immediately backward masked biffardnt stimulus figure in
order to minimise any visual or iconic memory cués individual’s “inspection
time” is the minimum SOA value at which they cahiage a high, predetermined
success rate in fulfilling the task demands, wlachusually the identification of
“...a highly evident feature of the stimulus display(Levy 1992) —i.e. the

minimum stimulus presentation duration which isuiegd for the individual to

48



achieve e.g. an 85% success rate. Nettelbeck alhds(1976) IT task used
geometric line stimuli similar to an inverted “Usdmetimes known as the “pi-
stimulus” or “horizontal crossbar” figure), with emf the vertical legs of the figure
being obviously longer than the other. The pgrtois’ task was simply to state
whether the vertical line on the left or the rigas the longest. Varying the time
participants are permitted to view each stimuluske@dly changes the difficulty of
the task; when the SOA value is relatively higly(€00ms or more), the typical IT
task using geometric stimuli is quite easy, resglin high success rates. The
opposite is generally true when SOAs are very lfagf. 15ms) — participants
perform poorly, often at approximately chance lsysimply because they have not
perceived sufficient sensory input of the targehsgtus as to be able to discern its
salient features.

The IT paradigm is therefore quite different frame blder RT methods.
Where the latency between stimulus presentatidisesyuent apprehension,
cognition and then behavioural response is therogod variable of RT tasks, IT
tasks do notequire speeded behavioural reactions to deree#pendent variable,
and participants are advised to respond as actyredaéher than as rapidis
possible. Repeatedly accurate performance atn@stimulus presentation times

critically important within the IT task, becausesithe only dependent variable -
behavioural RT (i.e. the latency between stimukie@ption and the behavioural act
of e.g. a button press) itself is no longer a facithe IT task, then, relies at least
somewhat on the rate of apprehension the individuedpable of achieving, and not
the overt physical speed with which the individcah make a behavioural response
(although as will be shown, later studies have shthe IT task to be more
psychologically complex than previously thoughtyith overt behavioural RT as a
factor effectively removed (a “vulnerability” forehavioural RT tasks highlighted by
Egan and Deary, 1992), the IT task is also suitkdslese with e.g. individuals with
physical disabilities. A less well-noted aspecths IT task is that it is also
particularly well-suited to assisting in the dey®@itent of other experimental tasks.
A population tested with stimuli at varying SOAs1dze used to generate
information on the difficulty scaling of the taskaking the IT task useful in piloting

studies, with the ability to calculate psychophgbmurves from IT paradigms
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serving as an index of the success of the taslparittipant performance based on
known correlates and performance characteristitiseofT task.

The primary research interest in IT is due to t#eeated presence of
moderate to strong negative correlations of IT waribus measures of I1Q, and in
particular, those IQ measures regarded as heaadbeld on general intelligence —
something quite unusual given that the IT taskeig/\asic in its demands, whije
constitutes a complex inter-relation of disparatd seemingly fundamental
cognitive abilities. The existence of IT as a etate of general intelligence is quite
undisputed (Waiter et al. 2008), with Nettelbec881) able to list 27 separate and
specific studies of IT and performance 1Q betwe@n3land 1987. Of these 27
studies, 34 separate IT-1Q correlations were cotadijevith only 3 measures
showing positive (and therefore abberant) cormetetiwith 1Q. Essentially,
individuals with higher IQ scores show a considtestiperior ability to respond
correctly in IT tasks at relatively faster SOA diumas, and the task is regarded as
able to explore the initial elements of visual @eging (Deary et al. 2004a).
Auditory IT tasks also exist, but the majority bétliterature in the IT-1Q
relationship pertains to visual stimulation. Thesgth of the IT-1Q correlation is
often large; e.g. Bates & Eysenck (1993) reporteel af the largest IT-1Q
correlations (-.624 using the MAB), while McRoryda@ooper (2007) stated that the
IT-1Q correlation value is “reliably.....around -.50Most recently, Sheppard
(2008), found a mean correlation of -.36 betweeand 1Q across 46 studies. IT
tasks, then, demonstrate that individuals with @iglps as measured by various tests
(Raven’s Matrices (Nettelbeck and Kirby 1983a); MwB (Bates and Eysenck
1993); the WAIS-R (Crawford et al. 1998)) also téadhow lowered IT values.
Beyond this statement, however, the interpretatadnghy IT correlates so strongly
and reliably with general intelligence become tletioal, and less well understood.

Although the task demands of IT tasks are simpke construction of the task
itself and production of the IT value can be compl&wo main IT methodologies
are the method of constant stimuli (MCS) and patanmestimation from sequential
testing (PEST) — a variant of Wetherill and Legitt1965) staircase procedure. The
MCS procedure is the simpler approach, requiring arseries of stimulus

presentation at various SOAs in a random or fixel®io The PEST method (Taylor
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& Creelman 1967) is an “adaptive” method whicheglon a more complex
presentation algorithm, systematically varying S@&sompensate for high and low
participant success rates. According to the ppént’s success rate, the PEST
algorithm changes the SOA values, making the tastter or easier as required to
determine upper and lower SOA thresholds. PESThodstmay generate more
accurate IT values, but are more complex to imptenand may require varying
numbers of trials in order to derive the participail in contrast to the fixed
number of trials in an MCS methodology (i.e. PESdtmds are naturally less
predictable if e.g. the length of time requireg&form the task is important.).
From Nettelbeck’s (1987) selection of exemplarydsts, PEST and MCS methods
are equally successful, as are both a fixed-budeamnorder of SOAs (i.e. a series of
randomly ordered presentations in the manner 2%b6ms, 40ms, 120ms etc.), or the
use of sequentially longer or shorter SOAs in adixrder (5x15ms, 5x25ms,
5x40ms etc.). The final computation of IT measwiss requires the use of
regression techniques to fit a psychophysical ctowbe group data, plotting mean
percentage correct within SOA duration range, &edeby allowing the selection of
the inspection time value itself. More recentlgwever, Austin (2004) and (2005)
has employed the variant of the IT task used irptlesent series of studies which
used total number of correct responses, ratherlthaalues themselves as DVs for
further analysis.

Deary et al. (2001) stated that the IT-IQ relattopsnay either be the result
of “strategies, learning and motivations” arisimgr superior intellectual abilities,
or Vickers’ original notion that the IT task higgtits limits on the rate of
individuals’ ability to take in external stimulatio Kranzler and Jensen’s (1989)
meta-analysis stated that the IT-IQ associatiops‘@bilities related to perceptual
organization”, while Nettelbeck (2001) suggesteat tApid sensory apprehension
was not sufficient to describe the individual diéflece(s) that IT tasks show; and
instead that :

“....IT is probably sensitive both to focused attentl capacities to detect
organization and change under severe time contstran to decision processes,
ongoing beyond mask onset, that monitor respontding.

(Nettelbeck 2001)
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Nettelbeck’s (2001) statement is quite broad imniglications, and although
“sensory acuity.....is probably not important to Igence”, Nettelbeck states that
“....low-level capacities influence both IT and psgatetric test scores and are the
psychological foundations to the psychometric carcst‘speediness” (or “Gs”...”
(Nettelbeck 2001, and 1994); Mackintosh and Be(2@®2) also found reasonably
strong correlations (0.43) with perceptual speatildrmeasures when using
Raven’s Matrices in a population of 16-17 year oldisawford et al. (1992) noted
that IT values were normally distributed amongea%onably representative” sample
of 134 individuals across social classes, and ldadest heavily on a complex gf
vocabulary, perceptual organisation, and atteritmncentration measures from the
full WAIS-R battery. McCrory and Cooper (2007) falsignificant associations
with IT and verbal ability, and IT angl which they suggest shows an underlying
“information processing parameter relatedytoand, they review some of the other
causal theories involved in the IT-IQ relationslapwhich there seem to be three
principal schools of thought :
(1) IT as a measure of a low-level, innately limitedgeptual apprehension
or speed capability (Vickers 1970’s original pasiti Burns et al. 1998).

(i) IT as the result of the application of a complesaperior cognitive
strategies - i.e. “...habitual ways of selectivegading to information
and organizing it into meaningful categories” (bhisl 1973) - shown by
more intelligent individuals, including perceptsaleed. i.e. IT is not
accounted for only by the speed of stimulus apprsioa (Nettelbeck
1994, 2001, Vickers and Smith 1986), but probalylgéveral different
combined or interacting psychological phenomena.

(i) IT as a phenomenon which may arise from and vargraing to the

specifics of the task and methodology which arelemented (Levy
1992). i.e. Differences in the methodology of fheask (including
curve-fitting methods, MCS vs. PEST, and the natdithe stimulus
items and masks — virtually all aspects of the taslay be measuring
different cognitive abilities, rather than any thetacal “unified IT
ability”, depending literally on the manner in whithe test was

constructed, participants were tested and theatathysed.)
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Item (ii) from the previous list is a somewhat @tatement, and could be
interpreted as stating that “IT is complex andamiupon several sub-factors” — but
it is undeniably an entirely logical basis for fugt investigation. Egan (1986)
studied the issue of what cognitive strategiesatbel used in the IT task, citing the
potential for participants to successfully adaptaiedomized stimulus sets in a
manner evoking the IT-1Q relationship. Two mairattgies were thought to be

most probable :

(1) Simple “Beating the odds” : Here, participants nshgose to respond in a
systematic manner on the assumption that, depeidirige number of
target stimuli, some proportion of responses walldorrect simply
through chance. Although not impossible as aesgsatthis would seem
likely to fail. Egan proposed that with “minimaBedback within the
task, there is little information with which a panpant could deliberately
attempt to alter their performance. Further, iulddoe hoped that
detectable patterns in the response data froncatits would be
noticed by the experimenter as non-indicative géauine attempt to
fulfill the task’s demands, and result in the drsliag of that data.

(i) Apparent motion strategies : Apparent motion ansglesn the backward
mask fails, often due to an insufficiently comphaask, resulting in clear
differences between the target stimulus and th&kntiagdequate masking
generally results in “apparent motion” or “line-efidker”, which was
examined in-depth by Burns, Nettelbeck and Whig98) following
criticism of the IT task by White (1996).

Burns, Nettelbeck and White (1998) suggested aal®snative measure to IT,
the “CSOA” or, “critical stimulus onset asynchrorgéfined as a point “midway
between chance performance and perfect accuradfthe target mask and stimulus
figure possess easily discriminable differencesntthese differences become the
object of the task for the participant, rather td#ferences within each target

stimulus If apparent motion is noticed and used by thé@pant, changing the
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number of target stimulus elements for discrimmateases to affect the subsequent
IT psychophysical curve. (e.g. adding more verlioas of a pi-figure, or, as in
Burns, Nettelbeck, and White (1998), identifyingithl LED displays of numbers

and figures).

While the notion of CSOA does not appear to haweire standard practise for
researchers (it is seldom explicitly mentionedatet studies, although employed
most recently by McCrory and Cooper 2007), effeatanprove the purely
methodological aspects of the general IT paradigueftontinued (Stough et al.
2001), evidently because at least one strategimapp to thwart the IT task is
possible, unpredictable, and, likely to occur. kawie and Bingham (1985),
however, found that participants seemingly eithdrad did not use apparent motion
cues, and that those who did apparently could not learn or be trained to do so.
Thus, an important issue would seem to be thadasitifying users of apparent
motion (or other strategies), or creating a higldynplex mask from first principles
which reinforces the basic premise of the methagipbnd task demands. Stough et
al. (2001), through manipulations of mask type deliberate attempts to induce
strategy use in IT tasks were, like Nettelbeck @06laimants that the IT task is
considerably more psychologically complex thant fimsagined by Vickers (1970).

Stough et al (2001) reported that the IT-1Q reladimp, although weakened by
those participants who claimed to employ apparestian detection strategies, was
still present — and that importantly, individualghwrelatively higher 1Qs claimed to
use this strategy. Although it is likely to be bbetlid and unfortunately somewhat
unhelpful, it is also very possible that McCroryda@ooper’s (2007) statement that
the IT-1Q relationship may also be “....just anothgh level task that intelligent
people perform well...” is highly likely. In line wh Kanazawa'’s (2004) notion gf
as a cognitive module for improvisation, the depetent and use of strategies for
the specific requirements of the IT task (e.g.@phparent motion effects noted by
Stough et al. and McKenzie and Bingham) may thevesdbe adjunct manifestations
of higher IQ —i.e. an individual with a high IQy & less carefully developed IT
methodology, may simply (and rapidly) develop atelgy (e.g. noting apparent
motion) which significantly increases their chanoésuccess, and this ability itself

is a manifestation of higher 1Q.
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The nature of the IT task (i.e. a task with a calied temporal progression
through a series of short, easily segregated iddalistimulus presentations), and its
strong relationship with general intelligence haglmit a good candidate for
neuroimaging studies in an attempt to learn mooaiethe neurological basis of
intelligence, although to date, only two major s&#gdDeary et al. 2004 and Waiter
et al. 2008, in press) and one explicitly titletbpstudy — Deary et al. (2001) - have
been performed. Results from Deary et al. (2004 complex, involving the
supplementary motor area and anterior cingulateexer areas involved in “non-
specific cognitive tasks”. Additionally, the inleet variations in SOA also appeared
to affect regional activations in bilateral anteiimmsular regions, both of which
showed large connectivity effects. Deary et &d0@) suggest that based on other
studies of neurological activity, activity in thatarior insulae may be related to
processes of vision, attention, and the selectit@iion and inhibition of action.
These could be viewed as processes consistentomith-level stimulus perception,
as has previously been suspected in the IT taskheugh the supplementary motor
area and anterior cingulate cortex are not heawlglved in such processes. Waiter
et al. (2008) used older adults at least 60 yelaag®, who, based on IQ tests taken
in 1936, showed cognitive abilities at least Oandard deviations above the older
test means, labelling such participants as “cogmgustainers”. Comparisons with
the younger sample used in Deary et al. (2004aystaimilarities in regional
activation with these cognitive sustainers fromAferdeen Birth Cohort, perhaps
related to Zarahan et al.’s (2007) “compensatorgrganisation” hypothesis of
cognitive aging.

The most recent developments in the IT paradigne avolved changes to the
IT task. An IT variant known as the “Loop” taskh&reby short sequences of stimuli
were presented at varying SOAs rather than indalidems, was used by Perry
(1991) and Mundy (1992) in auditory and visual fernin the auditory form,
sequences of tones, buzzes and hisses were “mdskeddifferent tone, whilst the
visual modality used letter sequences masked leyisiss on an LED grid. Perry
(1991), however, found no correlations betweentegdT results and those from
the Loop task. Austin (2004 and 2005) used an iemalt or E-IT task, where

participants were required to identify either afnapr sad emotional expression
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from a series of Ekman faces, in conjunction witimkol-IT and another novel
word-inspection task (where emotional words, nom#onal words, and non-words
were masked by other length- and letter-matchedksyadcCrory and Cooper
(2007) used a series of 3 tasks, one of which whsely novel; a large coloured
circle backward masked by a succession of othelesirwith the task being to
identify the first colour shown. In the cases afséin and McCrory and Cooper, the
non-standard IT figures generated significant dati@ens with Raven’'s APM, APM
Plus and the MAB-II IQ measures, and, significant etations were also obtained
between the novel and typical IT tasks. It theref@mains that IT is strongly
associated with a general intelligence factor, sxeovariety of studies, but that
perhaps the traditional and solely behaviouralb8ktis reaching the limits of its
usefulness. As McCrory and Cooper (2007), anddgbtat al. (2001) suggest, new
stimulus methodologies and modalities will be neetteadvance this field of

research, indicated by imaging work and the usdiftdrent target stimulus types.

Reaction Time

A very brief review of some aspects of reactioretifRT) and its associations
with 1Q and speeded mental processes is also wadahe RT-IQ literature is
otherwise large, and has been reviewed extensyelensen (1987) and Detterman
(1987). Early research in the speed of appreherasid information processing
focused on RT measurements, with RT itself divichtd simple and choice variants.
Simple RT is a literal measure of behavioural rafle speed where participants are
prompted to perform an unconditional action in oese to the perception of a
stimulus. In contrast, choice RT requires a carad response where individuals
must first decide if a stimulus item fulfils pretdemined criteria for a response; in
itself, choice RT can be divided into decision-tiama response- or movement-time
(Carroll 1980). Separate measurement of theseeglencan be accomplished by
requiring a participant to lift a finger from a $eh in order to press another switch,
with the cognitive, decision-making elements meeduny the interval between
stimulus onset and the release of the first switch.

Behavioural RT from choice reaction time paradidras historically been

used as a dependent variable in a great many etargaognitive tasks, or ECTs
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(Carroll, 1976). Jensen (1987) and Deary (2000yide a brief review of choice-
RT paradigms, leading to the Hick Paradigm (195R)erkel (1885) was among the
first to use a choice-RT technique, noting thatrélationship between individuals’
mean RT and the number of choices presented (Madezl up to ten choices) was a
prominent “negatively accelerated increasing fuorctfn” (Jensen 1987, wheren™
refers to the number of choice items.). Almosyé&ars later, Hick (1952) noted
again that a logarithmic association was presemtd®n an individual’'s behavioural
RT, and the number of choice alternatives with Wwhiey were presented during a
visual task. Over the course of “thousands” of oeses (Deary 2000), Hick
suspected that the relative uniformity of RT regasmwas related to the manner in
which the stimuli were initially apprehended; thsong that the process of
apprehension occurred in small binary units he mithigs” (Neubauer and Fink
2005). When an individual was required to exanwm@stimuli and make a
decision, they studied 1 “bit”, while foehoices involved 2 bits, and so on. Jensen
(1987) reviewed Hick’s work, and concluded tha88fstudies, results from the Hick
Paradigm correlated at slightly less than -0.30\wp&ychometric intelligence; i.e.
individuals who showed the most rapid RTs also éend show higher intelligence
scores. Vernon and Jensen (1984) found some (a@nsial) relationships between
choice RT decision making and bit-intake ratesestpption, consistent with this
notion that the RT-IQ relationship, like the IT-lationship, is a moderately strong
negative correlation (approximately -0.30; Jensah\dernon 1986).

Detterman (1987) reviewed several RT studies padd among mentally
retarded populations, with the general finding twhile mentally retarded
populations show slower RT responses comparedatecatually “average”
populations, mentally retarded groups also showmigher variability in
responding. Although capable of showing RT respsras fast as those in non-
retarded populations, mentally retarded individadé® tend to respond more slowly,
more frequently than non-retarded populations.lylaid Nettelbeck (1977) have
similarly shown slower IT values among mentallyarded populations. Some of
this variability in mentally retarded populationayrbe accounted for by the well-
known “speed-accuracy tradeoff”, whereby it is coomhy held that it is difficult to

be both fast and accurate. Brewer and Smith (1&fd)d that intellectually normal
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individuals tended to show systematic variatiospeed and accuracy in choice RT
paradigms— building up the speed of responsesamtirror was made, followed by
a reduction in speed until a suitable balance batvtiee two could be found again.
Detterman (1987) suggests that participants inyp&-imethodologies “actively seek
an optimum level of responding” which balances dpgfecompletion with a
presumably internal or personally acceptable eat&. In mentally retarded
populations, this compensatory mechanism may openate slowly, resulting in
lengthier times being required to reach this optimavel, and considerable
variation in responding throughout the test asrsequence.

Jensen (2005) stated that “chronometric” testsluing RT are

methodologically important for two main reasons :

(1) High reliability : The often simple nature of RTsteng means that
increasing the number of trials to achieve a pterd@ned
reliability coefficient is usually not problematficr most RT
methodologies.

(i) Relative ease of replication and repetition : aglamentary
cognitive task (ECT), there may or may not be la oisparticipant
habituation to stimulus items, depending on thk gl stimuli
involved, but otherwise many RT tasks can be pebcduplicated

time after time.

Jensen also favours RT measures for what he pertas a widespread tendency to
place too little importance upon RT. As previoustted in regard to Gustafsson
and Carroll, the sheer prevalence of speeded fattdhe overall factor structure of
intelligence from multi-task test batteries woutdicate that the chronometry of
mental abilities plays a low-level, but influentrale; in the same way that IT can be
considered a low-level correlate of mental speddnfy also be so :

“....In a hierarchical factor analysis these speddsts typically show up as
rather small first-order factors; they have litteriance in common with other
tests.....least of all on the most general factoyclpsmetricg...... This has resulted
in a long held and strongly entrenched misconcaptighat mental speed is a minor
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factor in the abilities hierarchy and has littléex@ance to.....thg factor.” (Jensen
2005, p32).
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CHAPTER 4

Emotional Intelligence

The notion of emotional intelligence (hereafter &by its measurement as a
psychometric concept is generally accredited to&sl and Mayer (1990), and is
regarded as a generally “newer” and popular argeythological study. Broader
work with the construct incorporates work by Golen(a995), Bar-On (1997) and
Schutte et al. (1998). Since 1990, over 800 stuldize been conducted to identify
and validate the core concepts of El, while LarB06) states that the size of the
population tested by the MSCEIT inventory alone harms some 60,000 individuals.
The terms “emotion” and “intelligence” still sitis@what uneasily with each other in
formal contemporary research, but the essentitdrant of El as a concept is
unambiguous and has proven intuitively appealingpémy. Through either
objective testing or self-report, El attempts tcasige an individual’'s emotional
tendencies and sensitivities. These behaviourbraely conceptualised as the
individual's awareness of their own internal emoébexperiences, the individual’s
perception of the emotional state of other indiaidun the immediate world around
them, and the manner in which these two statesvafeness contribute to the
individual's control of, and viewpoint on, the iatrand inter-personal events in their
life.

The roots of emotional intelligence developed fraloker interests in social
psychology, specifically the various capacitiesvigials manifest when required to
work or interact in social groups. Thorndike (1p&0regarded as among the first
formal proponent of social behaviour as an “inggdhce” - and therefore an ability.
Thorndike referred to this as “social” or “practiciatelligence, described as “...the
ability....to act wisely in human relations..”. Tterm “emotional intelligence” itself
is not new, having been used by Leuner (1966)n@#&31986) and Greenspan (1989)
in various contexts, and the issue of social andtemal functioning in society has
remained topical since thefl@entury. John Harlow's (1848, 1868) famous
descriptions of his treatment of Phineas Gage lgisaowed the social effects of
what is now known as “acquired frontal lobe syndedmfter a traumatic brain
injury (Bechara, Tranel and Damasio 2000). Althotleir purely intellectual
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functioning may remain largely intact (i.e. retemtiof vocabulary and varied
comprehension abilities, simple reasoning and nmadiieal skills etc), individuals
who suffer many forms of traumatic brain injuriégtea experience dramatic
impairments in their decision-making processesaility to socialise with others,
which can radically and detrimentally affect theweryday lives. Observations of
such individuals lead to the formation of Damasid394) “somatic marker
hypothesis”, emphasising the role of internal secrstates.

In some cases, individuals may be impaired in timéér- and intra-personal
emotional perceptions without overt physical patlyas - a condition known as
alexithymia (Sifneos 1973, Nemiah et al 1976; Tali@84). Alexithymia is most
obviously manifest as a limited ability to verbadlypress emotions; Reik (1952)
provides an extreme example in Mayer and Geherg)18Ba female clinical patient
unable to articulate her jealousy over an extraialdover’s life in all but the most
abstract (and unclear) terms. The condition mag adclude limited somatic
experiences of emotional states (Parker et al. 2@d a lack of empathy (Taylor
1987). Mayer, DiPaulo and Salovey (1990) suggetstadan individual’s sensitivity
to emotional information was likely to be due te fiossession of higher than normal
manifestations of empathy and neuroticism, plusdoares on alexithymia measures
(using other tests including the EPI-short versitmgreby implying a factorial
approach to the identification of emotional conteme. that sub-components of
emotional behaviour could be identified and contgpilgo other measures.
Participants’ assessments of the emotional contemiman faces, abstract designs,
and colours showed correlations between measumsEathy and consensus
judgements of the presence of an emotion in thg&®a an initial step to a
conclusion that emotional sensitivity could be nuead beyond simply “...attitudes
and sentiments...” (Mayer, DiPaulo and Salovey 19%0%0 implicit in this study is
that some measures of emotional sensitivity wese associated with scores from
other tests of personality, through the use oBR&-I measure.

Salovey and Mayer’s original (1990) work in El regd a definition of
emotion, and theirs was relatively uncontroversiamotions are viewed as
individuals’ internal state(s) of being, with bottental and physiological

components, which possess positive or negativeatations for the individual (i.e.
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are subjectively pleasant or unpleasant) in regptmsternal or external events.
Emotions can also serve as a shaping guide fardinmidual’s eventual behaviours -
essentially, individuals may evaluate their behassan terms of whether or not the
results of those behaviours will result in enjogabltcomes based on prior
experience. Frijda (2004) similarly described aspect of emotion as Mandler’s
(1984) “general sensitivity to goal interruptionivhen an individual’s intrinsic
motivation towards a desired physical or mentakstaaffected by other events, the
individual tends to experience internal mental anghysical states as a
consequence. Although Ekman et al. (1982) espaigecbncept of a small subset
of “basic emotions” (i.e. anger, fear, sadnesgudis joy and surprise), the everyday
definitions and ways of expressing these intertades are multitudinous and a
simple definition of emotional experience remaiomplex. In common linguistic
usage, for example, Roget’s Thesaurus lists sofid=aglish synonyms associated
with Ekman’s 5 basic emotions, demonstrating th#te@anecdotal level of
experience, there are very disparate ways in windividuals can express these
internal states to others. Emotional states cam\ary in their intrinsic experience,
both within and across individuals and circumstanceeating problems in the
objective measurement of these states. In Ekn{a@8%9) opinion, “.....Not only

can there be emotion without expression, therebeanhat appears to be expression
without emotion....”. There is, however, consideeatbntemporary agreement in

the essential definition of emotion:

Barret (2007) : A psychological event producingeiriton from the inter-
relation of oneself and the external environment
Solomon (2007) : “Significant psychological phenoakin response
to events in the world.
Scherer (2007) : An experience of related and symdus changes
in e.g. cognition, motivation, and subjectieeling, evoked by
“...the evaluation of an external or internal stinrsukvent as relevant
to major concerns of the organism....".
Clarke (2007) : An “evolutionarily coded feelingggarding one’s present

situation which can guide or modify behaviour.
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Thayer (2007) : A subjective, cognitive state obhasness of contextually-

mediated physiological arousal.

Three elements common to many of these theoretefalitions are :
(i) an innate physical sensation or feeling,
(i) an associated simultaneous mental state,
(iii) often, but not always, the involvement oetkexternal world in evoking

or mediating both these effects.

Salovey and Mayers’ notion that emotions may blecefd in objectively
measurable practical abilities could be extremsbful across many domains
including pure, occupational, and clinical researtrhlabelling El as an
“intelligence”, Salovey and Mayer (1990) tacitlyggested that emotional behaviour
and tendencies could be sub-divided into distiyettrelated and measurable
abilities, in their own words, “a set of skills” (in gener&alovey, Mayer and Caruso
favour an “ability”-based model of El rather thaifgeport variants - to be
discussed later). Mayer, Caruso and Salovey (1988)ed that these abilities could
contribute to a formal psychometric factor struettor the functioning of mental
processes in emotion in a similar manner as IQ areaf intellect — i.e. comprised
of a positive manifold of multiple abilities, as Mas possessing a superordinate
“general” factor; two of the basic requirementsttoe definition of an intelligence.

Mayer and Salovey (1993) noted that their new canshad attracted
controversy, but have persisted in naming andfyuisgj El as an “intelligence”
despite some apparent reluctance and discomfom@unheir peers in labelling
emotional phenomena as such (Salovey and Mayer)1993lovey and Grewal’s
(2005) assertion that El addressed “a growing me@dychology for a framework to
organize the study of individual differences inlidilels related to emotion” would
therefore seem to disagree with criticism Mayetp$sy and Caruso’s model
received — by their own admission, El as a coneggstinitially not well received :

“...We have been criticised for connecting emotiod antelligence, both in
anonymous reviews of our initial articles and isyanposium....” (Mayer and
Salovey 1993)
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More recently, Mayer, Salovey and Caruso (2000¢Hdescribed El as a
“zeitgeist”, which has gained substantial publi@aeness through coverage in the
popular media (Gibbs 1995; Goleman 1995a, GibbkC1806). EIl nonetheless
remains somewhat controversial as a concept, wgbarch showing not only
validity of the construct, but also overlaps witle{qgxisting psychometric
phenomena, leading to questions regarding the lnesi of what could be
considered as merely a newer label for previoustgxplored combinationsf
existing, predefined individual traits. Althoughlias quickly gained a foothold in
the general public’s awareness (i.e. advanced &alisputed concept in the world
of academic research to popular “zeitgeist” in agpnately 6 years), this is not
necessarily to its benefit — the public at largesinot possess the requisite research
background to make an informed decision as to Wieeadl value of the concept, no
matter how great the intrinsic or intuitive appe®n Rooy and Viswesvaran (2004)
are of the opinion that EI's primary popularisatmeccurred when it was related to
dispositional approaches to workplace managemehboeganisational psychology
(Hough and Ones, 2001). Currently, issues in #fmiion and measurement of El
are still being investigated (Farrelly and Austi02).

Despite its status as a relatively new phenomenaocial and cognitive
psychology, there are a large number of measuretoelstfor El, differing in the
theoretical approach adopted by the tester. Emaltiotelligence is currently
divided into two principal theoretical areas (R#gdg and Furnham 2000, Austin,
Saklofske and Egan 2005) known as “ability” anéittrmeasures. Ability El
measures regard emotional intelligence as cogretdigties which can be measured
via objective testing in a manner similar to IQtit®$ — ability tests possess correct
and incorrect responses which the subject of tstenmteist identify. Trait El measures
view emotional intelligence as innate dispositiaiezdencies broadly more similar
to personality measures; there are no objectivelsect responses, and instead,
responses constitute the individual’s general psipgiical tendencies across
situations and time. There is currently a widaetgrof EI psychometric tests
available; McEnrue and Groves (2006) list sevaratntories (the TMMS - Salovey
et al. 1995; the EQ-i - Bar-On, 1997; the SREITch#te et al. 1998; the EIQ -
Dulewicz & Higgs, 1999b; the ECI-2 - Sala, 200#& MSCEIT - Mayer et al.
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2002), and three other self-report inventories WHelP-3 - Jordan et al. (2002); the
WLEIS - Wong and Law (2002); and an un-named inmgniby Tett et al. 2005).
This list is not exhaustive — Perez, Pertridesfameham (2005) list a further
thirteen separate EI measures. In contemporaearels, however, only two
predominate : the MSCEIT and SREIT.

The MSCEIT

The MSCEIT v.2 (Mayer-Salovey-Caruso Emotional lligence Inventory)
is a modified application of Mayer and Salovey'84T) “ability” model of EI.
Version 2 of the MSCEIT was derived from the MEMu(tifactor Emotional
Intelligence Scale; Mayer, Salovey and Caruso 1Y) the MSCEIT version 1.1
(research version). The MSCEIT features approxetgatalf the number of items of
its predecessors (141 items vs. 392 and 292 itemtbdé MEIS and MSCEIT v1.1).
The MSCEIT and its predecessors are objective, tastkfeature consensus and
expert-scored “correct” responses throughout asansof eliminating the
inaccuracies of response often associated withreptirt measures (Salovey and
Grewal 2005). Consensus scores were providedslynple of members of the
International Society for Research in Emotion, arelMSCEIT was shown to
display greater convergence between the expert@mskensus responses than the
MEIS in a sample of 2112 individuals (Mayer et20l03, Palmer et al. 2005). EI
within this series of tests is defined as a set sKills by Mayer, Salovey and Caruso
(2000), and the MSCEIT assesses individuals a¢oasdactors (or “branches”) :
(i) Perceiving Emotions : identifying emotional tetsin oneself and others’
behaviours.
(i) Facilitating Thought : emotions assist in reasg and motivation.
(i) Understanding Emotions : Comprehension ofd¢kasations of, and shifts in the
experience of emotional states.
(iv) Managing Emotions : control and regulationeofiotions for positive
intrapersonal gain.

These 4 four branches can also be conceptualisedvasfactor model, with
branches (i) and (ii) comprising an “experienti@ttor, and branches (iii) and (iv)

comprising a “strategic” factor (Mayer, Salovey @aruso 2002). Mayer, Salovey
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and Caruso (2000) state that emotion is one @&feat ithree forms of “fundamental
classes of mental operations”, and can motivateraguaate cognitive processes and
behaviours by e.g. spurring behaviours such alstftigring the experience of fear,
or enhancing cognition through the maintenancenegédul or happy moods,
perhaps over lengthy periods of time. Emotions alag influence social processes
by helping individuals to better understand intespeal relationships in formal or
informal settings (e.g. workplaces or friendshigs)d thus, emotion is seen to “work
hand in hand” with intellectual intelligence. TRESCEIT items variously require
test subjects to detect emotion in faces, likentems to physical sensations, judge
how emotional states can be combined to form citaes, and state which mood
states should best accompany specified situatiBnmmore detailed view of the items
is discussed in Palmer et al. (2005).

Petrides and Furnham have been prolific commergt@tahe area of the
factor structure of El and its conceptualisatidatisg that the plethora of testing
instruments and relatively non-specific early dgfoms of the construct prior to
1997 by Mayer and Salovey caused researchers towérlomk the fundamental
difference betweetypical versusmaximalperformance...” (Perez, Petrides and
Furnham 2005), resulting in a lack of distinctictvieeen “trait” and “ability” EI.
Petrides and Furnham (2000a, 2000b and 2001) suidpgeésbility and trait El are
distinct constructs, measured in different waygpical performance is stated to be
appropriately measured by self-report inventonds)e maximalperformance is
more objectively assessed through test batterigsamirect or incorrect responses.
Several studies agree with this assessment; Zeadradrs (2005) study of El
measurement in adolescent populations found pattdrresponses to the MSCEIT
and SREIT inventories resulting in interaction eats similar to a double-
dissociation. Gifted students scored more highlyne MSCEIT ability-based
inventory, while non-gifted students scored moghhy on the SREIT, with
correlations between the MSCEIT and SREIT beingdc#ts "weak”. Brackett and
Mayer (2003) and Keele and Bell (2008) reportedlameorrelations between the
MSCEIT vs. EQ-i and SREIT tests, with actual catiein values cited by Mayer,
Roberts and Barsade (2008) of approximately 0Q@onnor and Little (2003)

have similarly found little convergence betweenM®@CEIT and the Bar-On EQ-i
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inventory, with each test showing no common coti@tas with other inventories
(i.e. the MSCEIT showed correlations between th&d &Gllege entrance inventory,
whereas the EQ-i did not.). Petrides, FurnhamMadroveli (2007) also state that
the MSCEIT should have “moderate to strong” cotretes with general intelligence,
and that such a relationship is highly importamtthkee MSCEIT’s construct validity.
According to Mayer, Roberts and Barsade (20083,ithso; MSCEIT scores
correlate with verbal intelligence and SAT scores3é to .38, with the emotional
understanding sub-scale showing the strongestiatisoc(Roberts et. al. 2007), and
an overall finding that the MSCEIT is moderatellated to verbal comprehension,
specifically to crystallised intelligence, and emoal knowledge (MacCann et al.
2004, Farrelly and Austin 2007).

A primary criticism of the MSCEIT, however, is thatch of the information
on test construction and computation of scoregisawmailable for scrutiny, and that
at least three recent studies have found diffdesntibr structures underlying the test.
Although Mayer et al. (2003) provides some inforimaion the validation
procedures, all of the actual MSCEIT scoring praced are performed by the test
providers and limited information is available retjag manual computation or
analysis - independent assessments of the MSCEfarfstructure are therefore
made more problematic than usual. Landy (2005nbéed the use of these
“proprietary databases” as a hindrance to othegdication and validation of the
scale. Palmer et al. (2005) conducted their owtofaanalysis of the MSCEIT v2.0,
and found that a 3-factor model (omitting the Reatibn factor and subscales) was
more appropriate than 4 factors, but also thatalvegliabilities, means and S.D.s in
an Australian population of N=450 were acceptabtyilar to those produced by the
American test standardisation values produced byeket al. (2003). Farrelly and
Austin (2007) similarly found a different factorstture from that cited by the test
authors, with only the Understanding and Managawydrs being supported.
Farrelly and Austin’s model incorporated a diffdareombination of sub-factors,
however, rather than a more straightforwardly imtetable failure to reproduce the

original four-factor structure; in their model, f@ifent combinationsf sub-factors

prevented replication of the Experiential and ®gat factors as described by the

test’s authors (Austin, however, acknowledges tt@tsample size in this study was
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likely insufficient for a full resolution of the &or structure of the MSCEIT, and that
this was not a goal of the study in any case —iAupersonal communication).

Keele and Bell (2008) also found a different 3-éactructure, which replicated
Mayer et al.’s (1999a) Strategic factor, but foiwad “new” factors labelled

“picture” (for heavy reliance on pictorial, visugms), and “perception” (reliant
upon perception and appraisal items.). The insters factorial validity of the
MSCEIT is clearly an important, if not severe perhl but despite these issues, the
MSCEIT currently is, and has been extensively usdle El experimental

literature.

The SREIT

The SREIT (Self Report Emotional Intelligence Iniay) has also been
known as the Schutte Inventory, SEI, SSRI (SchHoéié Report Inventory), and EIS.
It is a 33-item test by Shutte et al. (1998), inexhto evaluate “trait” El by Likert-
scale self-report. Unlike the MSCEIT, the SREIp&gpularity in research is likely
due to its free availablity and openness to scyutinhe SREIT also requires very
little time to administer (approximately 5 minutealthough Schutte et al.’s source
article gives no formal instructions or guidelirfiesits use. Schutte et al. (2001)
state the SREIT is mainly appropriate as a quildba measure of trait EI. Schutte
et al.’s (1998) article states that only a singletdr is present in the original
inventory, but otherwise as a freely available meey, the determination of the
factor structure has been left entirely to the aes®e community. As the SREIT is
based upon Mayer and Salovey’s (1990) model oPEtez, Petrides and Furnham
(2005) are of the opinion that it does not provadsomprehensive measure of purely
trait El —i.e. because it is fundamentally baseduwo ability-type theoretical model
rather than a dispositional or trait model. Thas the openness of the test has been
the subject of several studies which variously thesame agreement in a 3 or 4-
factor structure (Petrides and Furnham 2000b; $sltéo Austin and Minske 2003;
Austin, Saklofske, Huang and McKenney 2004 (alttotgs analysis used a
modified version of the SREIT); Keele and Bell 2R0& common with the
MSCEIT inventory, there is some (albeit less) disagient over the factor structure
of the SREIT, and in particular, that the SREITtéastructure differs from that
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stated by the test authors. There nonethelesaepfebe slightly greater agreement
over the factors present in the SREIT than the MISCgerhaps due to the open
nature of the inventory.

Much of the interest in El as a new psychometriasoee probably stems
from considerable research agreement that an oheaVs ability to detect their own
and other’s emotional states is potentially valadblthe individual themselves
across various real-world outcomes, particularigupational and educational
settings. The practical application of El testmgasures is heavily emphasised in
the available literature, with a large number aimas real-world outcomes for
(mainly adults) either theorised to be, or haviegifound to vary in relation to EI.
Across a variety of testing methods, EI has beemwalto be related to :

(1) Job success and academic achievement.

In this realm, EIl scores :
- predicted first year US college grades.
- were associated with greater adaptability anesstmanagement.
- were higher among “gifted” students.
- were higher for therapists than clients.
- reduced the co-occurrence of classroom misbebavio
- were higher among students who competed theirseswf study than

those who did not.
- were associated with improved leadership alslitie
- were higher for individuals who expressed satiséa with their job and career.
(Schutte et al. 1998; Druskat and Wolff 2001; Paleteal. 2001 ; Parker et al. 2004;
Parker et al. 2005 ; Zeidner et al. 2005, Parkei.€2006, Petrides and Furnham
2004.)
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(i) Life satisfaction; physical and psychological hieatiocial networking.

Here, El scores :

- were associated with quantity and satisfactiosazial support.

- were positively correlated with an enhanced Bhbib recognise facial
emotional expression.

- were positively correlated with the ability to nae moods.

- were positively associated with a willingnesséek help for personal
problems and psychological ilinesses.

- were more strongly associated with social netvaizke than personality
measures.

- were negatively associated with loneliness, depoa, and alexithymia.

- were positively correlated with lowered anxiety.

- were negatively correlated with alcohol consumpin adults and
adolescents.

- were negatively associated with tobacco use atesdents.

(Schutte et al. 1998, Dawda and Hart 2000, Ciaird@an and Bajar

2001,Ciarrochi and Deane 2001, Trinidad and Joh2601, Lopes et al. 2003,

Trinidad et al. 2004, Austin, Saklofske and Ega@%®®astian, Burns and

Nettelbeck 2005, Extremera and Fernandez-Berr@i2s.2

Typically, a large number of positive associatibase been found between
greater measured EIl (across both ability and tnagsures) and a greater sense of
intrapersonal well-being or the presence of “hgdllilestyle components. Negative
associations are typically found between El andhbieturs or lifestyles likely to be
detrimental (alcohol consumption, smoking, non-gestress etc.). The presence
of some psychological illnesses have also shovks ith measured El, including
alexithymia, depression, and general life satigfact An abundance of experimental
evidence shows that El as a construct is poteytiaity valuable in real-world
applications such as human resources managemegngiie and Groves 2006),
clinical therapies, and selection procedures fmiasions requiring e.g. team work in
occupational settings, client-customer interacti@msl broader situations involving

everyday social interactions. Most recently, hogreiKeele and Bell (2008) have
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again raised the question of exactly how El careliably stated to predict what it
does if the various tests involved are not meagusihat they claim to be, or,
measuring concepts which differ depending on the iwavhich they are examined.
Criticisms of El frequently centre on the valyjddf both the ability
and trait scales in many dimensions, since thewstaiable overlaps with pre-
existing constructs, and do not sit well with thelttude of predictive or lifestyle
correlational findings. Perez, Petrides and Fumh2005) have stated that the
discriminant validity of El is “beyond empirical dbt”, but this is apparently not so
with several El tests showing significant correlat with measures of personality,
particularly the NEO-PI (usually trait-based testisil some measures of intelligence
(usually ability-based tests). Mayer, Salovey &aduso (1990) themselves stated
that higher El would be theoretically associatethwigher neuroticism, a
component in Eysenck’s 3-factor P-E-N model of peadity. McCrae (2000) noted
that at the conceptual level, EI as measured b#neOn EQ-i scale should show
relationships with some of the Big 5 personalityiafales, a potential problem for
El's discriminant validity. Schulte et al. (200&yas among the first to draw together
some of these critiques into a relatively shortdiberwise problematic article
reviewing overlaps between EIl and other measuremstiiments. Petrides and
Furnham (2001) found correlations from -.29 to b&bveen neuroticism,
extraversion and conscientiousness in the NEO-& Bam-On EQ-i, while Schulte et
al. themselves found moderate, but significantstrated associations between the
Wonderlic Personnel Test, the MSCEIT, and the NEQeRding them to title their
study as “Emotional Intelligence : not much mdrart g and personality.”. Van der
Zee et al. (2002) and Van der Zee and Wabeke (2004 twice found NEO-PI
scores to be significantly related to Bar-On E@erss, with the EI measure found
to be “...substantially related to Extraversion, Agabkleness, Emotional Stability,
and Autonomy...”. Aside from personality variablbfayer, Roberts and Barsade
(2008) also noted correlations of .36 to .38 witystallised intelligence, which they
viewed as “moderate”; these correlations with IQldphowever, also be viewed as
“relatively high” as well as being statisticallygsificant, considering that the El
scores were produced by an entirely different sedlieh was not intended to

evaluate general cognitive abilitie¥an Rooy and Viswesveran (2004) similarly
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stated that the links between EI, personality agmkegal mental abilities are “...
more highly correlated than many researchers wprdter....”, and that the links
with GMA were stronger with ability-based testsisas the MEIS. The links with
GMA may be partially explained, however, as duthotherwise all-pervasive
nature ofg — as a heavily influential factor in human intgéince, it is entirely
possible thaty is capable of influencing a wide variety of penfiance domains,
perhaps including those outwith purely intellectinélligence. The associations
with g may be somewhat less of a problem for ability bdests, because objective
testing will naturally employ problem-solving cogan in some form. Bastian,
Burns and Nettelbeck (2005) stated that acrosgalenelependent studies, ability El
is more strongly associated with other cognitiventellectual measures (which can
be rationalised to some degree), while trait Elften associated with personality
measures (a potentially more serious problem) (RadvdHart, 2000; Saklofske et
al., 2003; Van Der Zee et al., 2002).

With regard to the predictive validity of El, serof the associations found
between El and real-world issues have also beestiqned. Van Rooy &
Viswesvaran (2004), Barchard (2003) and BracketMayer (2003) noted that the
predictive abilities of El in regard to some acadeand employment success criteria
were in general no better than that of other pexsiyrmeasures (although Van Rooy
and Viswesveran also noted that El was better peasonality for some criterion
measures, but that across six different EI measaowesall operational validity was
highly variable.). Several other studies have alst®ed near-zero or otherwise non-
significant relationships with El and academic parfance (Bastian, Burns and
Nettelbeck 2005; O’Connor and Little 2003, and News, Day and Catano 2000.).
El's associations with life-satisfaction and sociatwork satisfaction, however,
seem less contentious, with e.g. Palmer, DonaldsdrStough (2001) showing El as
able to account for 42.2% of the variance in thes&ection with Life Scale. The
SREIT inventory has also been the subject of spemiiticism by Charbonneau and
Nicol (2002), who suggested problems of discrimireard convergent validity — i.e.
the SREIT showed correlations with measures ofeaesirability, and a lack of
correlation with peer nominations from an adolesgeoup, where positive

correlations would be expected for high-El indivatkiand measures of social
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popularity. El, however, remains relatively legplered among adolescent groups,
with the bulk of studies concentrating on adultyagons. Additionally, three of
Charbonneau and Nicol’s other test materials welagively uncommon scales (the
Personality Research Form-E, the Interpersonal tR@gdndex, and a relatively
obscure El test known as the Weisinger Interpeidometional Intelligence
inventory.)

An adjunct problem with El as a construct, andM&CEIT scale in
particular is that Mayer, Salovey and Caruso haenlkardent proponents of both the
concept of El, and particularly the MSCEIT invernytdout as they are the test’'s
authors, this is unsurprising. Since 1990, thexelaublished more than 30 articles
about EI, and more than 10 articles specificalbareing the MSCEIT inventory.
Landy (2005) found this unpalatable from a scientifewpoint; Mayer, Salovey and
Caruso have an obviously implicit financial intdrigsthe promotion and commercial
success of their own test materials, but they donake it easy for fellow
researchers to examine the underlying scienceenfwork. As the MSCEIT is a
copyrighted test, perhaps the only threat to itgtinaed usage (and of the use of
other El tests based upon its fundamental moddl as¢he SREIT) would be
investigations of its psychometric properties iadiieg important flaws. The
MSCEIT cannot be copied or used illicitly by othedividuals without civil legal
penalties, and even if the underlying principleshaf MSCEIT were found to be
severely flawed by independent researchers, M&aovey and Caruso would
nonetheless remain free to address any issuespdtiited materials. Nonetheless,
specific details of scoring methods and their daselof results remain undisclosed.
Such reticience to allow independent scrutiny efMSCEIT, perhaps justifiably,
has lead some to wonder if Mayer, Salovey and @adetberately refuse to release
these details for this or similar reasons.

The MSCEIT inventory in particular, and therefooeng of the fundamental
issues in ability El as a construct, also suffessifproblems in underlying logical
assumptions made by the test creators. Salove@aswlal (2005) stated that the
perception of emotions “makes all other procespimggible”, and therefore the
ability to detect emotions in oneself and othersi@ppear to be critical in the

assessment of EI. It would seem logical, thert,dh@erceptual sub-factor would be
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vital not only in assessment, but in the fundameatidity to further assess El in test

subjects Emotional perception, however, is never highlkghas a primary and
elementary diagnostiriterion in El inventories to evaluate whether tasted
individual's EI quotients actually care appropriately assessed from first principles.
Salovey and Grewal (2005) also stated that "layleeapd experts possess shared
social knowledge about emotions”, which could s® &le interpreted as stating that
El testing does not test individual El per se,ibwctually a measure of social
conformity, consensus or agreement. There isalaanderlying issue of cross-
cultural applicability of emotional detection, usmed measurement implicit in
consensus-scoring measures; MacCann et al. (200 Yimat, for example, “.....(an)
Australian undergraduate sample may have diffesenhotations of ‘fear’ than (for
example) a group of mostly male business executivéskyo, which in turn might
influence relative shifts in category weights...Ll"astly, Salovey and Grewal
seemingly contradict themselves by stating thdtreglort measures of El are
unreliable owing to overlaps with personality vates (Brackett and Mayer 2003),
then by providing “diary self-report” measures byples et al. (2004) as evidence for
the usefulness of the MSCEIT. It seems that wdeléreport trait El inventories

themselves are considered unreliable measdiases detailing_the diary-keeper’s

interpretations of “success with the opposite sexd the diary keeper’s perception

of other individuals’ perceptions dieir own“intelligence” and “friendliness” are

apparently regarded as perfectly acceptable depénteasures — i.e. how the diary-
keeper_interpreted other individual's reactionsdaoys themselveslit would appear

that when it is used to validate the MSCEIT, ayliamo longer a self-report
measure, but a useful adjunct to ability-basedngst

Taken as a whole, El testing using either tradhality-based methods would
appear to be somewhat contentious and generafigudifto accomplish. Although
many studies have found apparently validating exeédeof the usefulness of the El,
the construct remains somewhat ill-defined, andesofithe measures used to assess
these areas have been criticised at the levelitd itndamental conceptual issues —
I.e. exactly what it is that various inventories actually measuring. There is also
the matter of known crossovers between existingsorea of personality and

intelligence, which could be interpreted as makhdess useful than other, more
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thoroughly validated measures, such as e.g. the-RE@etrides, Furnham, and
Mavrovelli (2007) stated that :

“It has been pointed out that it is perfectly pbtsior trait EI and ability El
to “coexist” ...... We would agree that our view oéth as different constructs
implies that the operationalization of one doeshaste implications for the
operationalization of the other. Indeed, it islgx@nt for our purposes whether
ability El will ever be accepted into the mainstreeaxonomies of human cognitive
abilities......... Nevertheless, our prediction is tthas construct will eventually find
its place along the ever-growing number of pseundeHigences...... on the fringes
of scientific psychology.”

This statement would appear to damn (EI) with fanatise. At least,
although the life- and social-satisfaction elemerfit&l seem to be criticized
considerably less often than other aspects suabhademic and employment
performance, some caution is warranted in inteipgehe findings from various El

scales.
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CHAPTER 5

Study 1
Piloting the behavioural emotional intelligencetEk

Introduction and Research Aims

This initial study (study 1) was designed to testbasic methodology
intended for future use in this series of studi€sroughout the present series of
studies, Austin’s (2004) and (2005) emotional-I€r@after “E-IT") task will be
adapted to accommodate ERP acquisitions, with timaa goals. ERPs acquired
from these procedures will be examined for resppnsiated to the emotional
valency of the target stimuli, in an attempt tocdiger unique or specialised
phenomena in the detection and classification ajtemn at the level of brain
electrophysiology. Secondly, the E-IT task willibeestigated for effects related to
the inspection-time task, in an attempt to furweamine El as a concept, and
prospective links with intellectual intelligenceastly, the ERP data will be
examined for effects related to intellectual diéieces among the participant
samples.

A stimulus presentation program based on Aust2(94) emotional inspection
time task was devised using E-Prime software, whaduired modification beyond
the collection of behavioural responses for ussuimsequent electrophysiological
acquisitions. As well as a means to collect bdata on participant response rates
and inspection times for the stimulus set, thegmestudy was also an examination
of stimulus presentation parameters. The mainctibgs of this study were :

(1) An assessment of the stimulus duration paramegatstermine durations
which were either too brief to discriminate therstli (resulting in
unacceptably high participant error rates which Mquevent future EEG
averaging), or too lengthy, resulting in an exoesgieasy task with
unsuitable demands. When presentation duratienbrasf, participants
have great difficulty in apprehending the stimwusply because they
cannot visually detect it with accuracy. Some béhaal errors (i.e.

pressing the wrong response key from that intendax)generate
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“accidentally” correct responses at rapid duratjdmg performance is
otherwise poor at very brief durations. Thus, mgkhe task too difficult
or too simple could result in a failure to reproéactypical inspection
time curve (i.e. increasingly successful respoafese chance levels as
stimulus presentation durations increase). Momitpof the difficulty of
the task was therefore important, as a minimunm0ai7100 correct
responses would be required per participant toeaeha suitable grand

average ERP in subsequent studies.

(i) An examination and first test of the program’s &ty for the
collection of behavioural and EEG data. The E-Rrprogram was
simply required to function properly and consisenutwith deliberate
artificial testing, and only a large scale teshgsan actual participant
population would evaluate this. The successful stiipn of EEG data
also requires the use of several procedures tregrsp® the participants;
primarily, the use of signalling triggers betweba stimulus presentation
and EEG acquisition PCs to start, stop, and flaap&vduring the EEG
recording.

The desired outcomes of the present study werprtguction of inspection
time curves which could be later used in optimidimg stimulus presentation
durations for a second ERP-based study, and, agmogapable of running
without error through a gamut of genuine respofrees actual participants.

As the stimuli were human faces, and thus quiteint from the
“traditional” inspection time stimuli of perceptiyakimple geometric shapes or
lines, it could be expected that the mean inspedimes for faces would be
longer than those for geometric stimuli. Facesmore complex stimuli
comprising more discrete elements, as well as $itimtin specific meanings and
biological salience to humans. The procedures eyegl in the present study
were intended to be kept as similar as possiblegdorthcoming ERP studies,
with the exception that an EEG acquisition wouldl lm® performed at this time.

Unless severe problems were noted, the preseniviaskl be re-used with
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appropriate changes to the presentation duratioms@ the current values result
in excessively high or low accuracy levels.

The task employed here differed from Austin’s (208dhotional-IT task in
that the emotional stimuli presented to participatiffered within the same task,
rather than being presented as two separate téakstin’s (2004) study featured
three separate IT tasks using happy stimulus faaeksstimulus faces, and a third
task involving symbol discrimination without emated aspects. It was expected
that the participants’ performance on this task idne broadly equivalent to
that of the standard IT tests (e.g. Nettelbecklaaily 1976, Longstreth et al.
1986, Smith 1986); specifically, a continuum ofqegtual ability was expected
to be present, with success rates at rapid prasentiurations being close to or

below chance, and rising to a plateau at lengthieations.

Methods

Participants

40 participants were recruited, comprising 27 fesand 13 males, with a
mean age of 23.2 years (S.D. = 7.9 years). Thenhapf participants were
university students, with 4 departmental staff alslunteering. Participants were
not paid and were recruited from teaching grousevmail, or opportunistically
within the department. No selection criteria asiden normal or corrected-to-

normal vision were required.

Materials

Nine photographs of human faces were chosen frenstinling University
PICS database, comprising the individuals’ headnatja neutral background. One
of the female faces was intended for use as a mgskimulus, while the remaining
eight photographs were intended for use as expatahstimuli. Two photographs

of the two males and two females were used.

78



For each individual, one photograph was intertdeshow a happy facial
expression, and the other a neutral facial expyassio verify the descriptions of
the facial expressions, 20 male and 25 femaleg&éno were not later tested as
subjects, mean age 38.5 years, s.d. = 13.5 yeasB)ieed each picture, stating the
gender of each photographed individual and whetiesr facial expression was sad,
happy or neutral. Where more than 20% of the sadexagreed within any of the
rating categories, that photograph was discardate male stimulus face and the
female mask face were discarded after rating. d@ifferent photographs were
selected from the Eckman and Freisen Facial Affettection (Eckman and Friesen
1976) — one “stimulus” male showing both happy aadtral expressions, and a new
neutral-expression female “mask” — to completesite Although the task in this
instance was the identification of gender, thewewsduis items were to be re-used in
the next study in this series.

Each photograph was re-sized to 350 (h) x 275 (welpand saved as a
grey-scale bitmap image, subtending a visual anig@edegrees 31 minutes at 70cm
distance from the screen. The images were prasesteg the E-Prime system on
an IBM PC running Windows XP. During experimeritals, the vertical refresh
rate of the monitor was 75Hz and the screen rasolutas 1024x768. There were
256 stimulus presentations in total. This comprisach of the 8 face images being
presented four times at eight duration intervatsaftotal of 32 presentations per face
image.

The eight duration intervals in use were 20, 40,880 100, 120, 140 and 160ms.
Each target stimulus was immediately backward nablethe neutral female mask
image for 500ms. The ordering of the stimulus gemas randomised once and then
invariant for all participants. Under Windows X2Prime uses a timing system

based on the refresh rate of the monitor to calewdt visual stimulus presentations :

“...If the display duration is specified to be 200rasd that value is not an exact
multiple of the refresh rate, the duration will yap to one refresh cycle less than or
greater than the desired time...”

(E-Prime User’s Guide 2002, p. 82)
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E-Prime therefore cannot display an image for aacemultiple of 10ms,
except for durations of 50ms, 100ms, and 150ms wisarg a monitor capable of
160Hz refresh rates. The lowest achievable meltigls been calculated to be 6.5ms
at 160Hz, which rises to approximately 13.3ms adZZ@Marshall, 2004). Thus, true
millisecond accuracy is not possible and stimudi presented in multiples of
approximately 13.3 ms in the case of a 75hz refrath The relationship between
refresh rate and presentation timing is a step-fuigetion and thus not easily
characterised e.g. by a single equation (excephoB intervals here). To
compensate for these timing difficulties, the stmswdurations were all reduced
within the E-Prime presentation program by 5msrateoto better achieve the
originally desired exposure time — e.g. a desimeggntation of 40ms is achieved

best by stipulating an actual presentation tim&5sohs.

Desired 20 40 60 80 100 120 140 160

Requested 15 35 55 75 95 115 135 145

Actual 26.6 39.9 66.5 79.8 106.4 119/ 146(3 159.6

Prior to completion of the IT task, each participalso completed the
original 33-item Schutte et al. emotional intelhge inventory, the SREIT (Schutte
et al. 1998). Petrides and Furnham (2000) extuafctar factors from this inventory
named “optimism / mood regulation”, “appraisal af@ions”, “social skills” and
“utilisation of emotions”. This inventory was alsdended to be used in future

studies.

Procedure

Participants completed the Schutte Self-Reportitorg (SREIT; Schutte et
al. 1998) inventory prior to the IT task. Althoutite SREIT is freely available in the
source article, there are no formal instructionstiouse, and participants here were
asked to:

“Please read each statement and think how webiplies to you personally. Then,
circle one of the options on the right of the p&gen “1” if you strongly agree to

“5” if you strongly disagree.”.

80



For the IT task, participants were informed tietytwere about to view
human faces, and that their task was to identéygander of the first (target) face.
Although future task demands would require the tifieation of emotional
expression, this task requirement was intendedIgitognsure participants
consciously attended to the stimuli. Participamtse informed that they would
always be shown two faces, that the target facddwalways be the first face shown,
and that some of the target faces would be vigihlg very briefly. If they were
unsure of a response, participants were instructgdess as accurately as possible.
It was emphasised that the accuracy of the respsaseémportant, and that the
speed of their response itself was not measuradicipants performed 16 practice
trials with stimulus items being shown at varioyp@&sure times ranging from 20ms
to 120ms. Feedback was given after each trialonlmmmpletion of the practise
trials, the experiment proper began.

Before initiating the main task, participants war®rmed there would be
three slight differences from the practise triblst that the essential task was
unchanged. Firstly, there would no longer be a®glback after each response.
Secondly, there would be periodic 10-second resbge these occurred after every
32 trials. Lastly, as the first stage of a seolesxperiments, participants were
informed that a “Blink Now” instruction which appea before each new trial began
(required for a future ERP collection task) did apply to them and could be
ignored. The actual instructions were presentelPgsoint black text on a white

screen and are shown below :

“When the experiment starts you will see an adtenghe center of the screen.

Look directly at the asterisk.
Next, a human face will be displayed briefly.
The first face will be covered up by a differentdathen you will be asked to

respond.

If the FIRST face you saw was MALE, press 1
If the FIRST face you saw was FEMALE, press 2
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You should aim to be accurate rather than quickake as much time as you need to

decide.

If you are not sure, guess.

There will NOT be any feedback during these trials.
Press spacebar to continue”
Each trial observed the following sequence :

1. A gaze-fixation symbol appeared in the centre efdtreen (600ms).
2. The target face appeared in the same position.
3. The neutral mask face appeared in the same po$gfims).
4. The response prompt appeared :
" If the FIRST face you saw was MALE, press 1
If the FIRST face you saw was FEMALE, press 2”
5. The “Blink Now” prompt appeared.
6. New trial.

All testing took place in a computer laboratoryiclda Upon completing both

sections of the testing, participants were freasio questions.

Results

Inspection time curves were plotted for each irdiral using their percentage
of correct responses at each of the eight stimiddwations. The curves showed the
characteristic IT-task shift from near-chance Is\alresponse accuracy at very brief
presentation durations to a ceiling effect at red¢dy longer presentation durations.
Descriptive statistics for the individual preseiatdurations are shown in Table 1.
The frequency distribution for the number of cotnesponses for presentation
durations from 60 — 160msec were skewed owingeéditbh number of correct

responses, and medians are provided for thesesviasiead.
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Table 1. Descriptive statistics for no. of cornedponses at all

presentation durations.

Duration (ms) % Responses Mean No. Correct | S.D.
Correct

20 57.42 18.38 3.29
40 85.00 27.2 4.13
60 93.44 31* 4.36**
80 96.88 31* 4.36**
100 97.42 32* 4.36**
120 97.89 32* 4.36**
140 98.52 32* 4.36**
160 97.97 32* 4.36**

* Median value cited owing to non-homogenous disttion.
**Semi-Interquartile range

The inspection time value for the current sampls decided to be the
minimum presentation at which 85% response accusasyachieved. Table 1
shows that the mean value was likely to lie betw2@Ad0ms. After 60ms, the
presentation duration was sufficiently high aséonpt 93-100% accuracy of
responses. Between 20ms and 40ms, however, tlasra gharp rise in the response
accuracy. Chart 1 shows the obtained psychopHygicee. Importantly, however,
the inspection time curve, and relationship withw&s maintained despite the E-

Prime timing discrepancy problem.
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Chart 1. Plot of group mean percentage correcoresgs vs.

presentation duration.

Group Mean IT
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Duration (ms)

In order to produce the group mean inspection {ifevalue, the percentage
correct data from all 40 participants was appleed turve-fitting exercise using the
logistic function pu+(1-a1)/(1+exp > *33)] (Deary, Caryl and Gibson 1993). This
produced a mean IT value for each subject, allowheggroup mean IT to be
calculated at 38.39n(s.d. = 20.05). Austin’s (2004) study did notodpan IT
value for participants, and results were instegaessed in terms of total correct

responses.

A one-way ANOVA showed no gender differences tetesent in the IT
value (F(1, 38) = 0.018, p=N.S) despite a largenioer of female participants. To
ensure no gender effects were present, 13 femaesnandomly selected to match

the population of males, and new descriptives cdatpresented in Table 2.
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Table 2. New descriptive statistics for genderregjent sample (N=26).

Duration (ms) % Responses Mean No. Correct | S.D.
Correct

20 55.66 17.81 2.8
40 82.44 26.38 4.58
60 91.22 29.19 3.03
80 96.28 30.81 1.23
100 100.00 32* 4.21**
120 100.00 32* 4.21**
140 100.00 32* 4.21**
160 100.00 32* 4.21**

*Median value cited owing to non-homogenous disitiitm

**Semi-Interquartile range

The gender-matched sample produced a new meariué 9843.04mgs.d.
= 22.89ms), and Levene’s test showed the new gend&hed IT sample to be non-
homogenous (Levene Statistic (8,17) = 5.039, p<).08 Mann-Whitney U test
still showed no significant gender differenceslfomwithin the equivalent gender
sample, U=69, p= N.S. The IT value, therefore,ritivary significantly according
to gender and showed that neither males nor fendeédptayed advantageous
responses to these stimuli.

The psychometric data from the SREIT was not aedlysere, and was
included as a procedure only to mimic the proceslofesubsequent IT studies as far

as possible.
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Discussion

The present study achieved the principal aims tabéishing the suitability of the
IT task as a means of using human faces as stintalas. Faces themselves are
considered to be stimuli which involve “qualitatiyelifferent” processing from
other types of stimuli (Kanwisher, McDermott andu@i997). However, according
to Calder et al. (2001), “...there is still no detdilcognitive account of how we
recognise facial expressions...”, and neither areetheany studies (either empirical
or purely cognitive) in the area of fundamentakfaerception other than two from
some considerable time ago — e.g. Janik et ar8)1&nd Bruce & Young (1986).
The study of face perception therefore suffers feolack of practical information
regarding the actual process of face percepti@miaxperimental or natural context
—i.e. a breakdown of the behavioural act(s) okeoliag a face. There is also limited
information on e.g. the visual features to whichratividual attends when actively
perceiving another person’s face in vivo, althoBgimtin et al. (1996) noted that
ERP responses to human eyes tended to show prigdiéegtention. It is therefore
somewhat surprising that the facial gender idardifon IT obtained here is very
close to the values obtained from studies usimgutisuch as the traditional IT task
line stimuli. Burns and Nettelbeck (2003) reporf€d/alues of 64.9ms and 29.2ms
for alphanumeric and geometric IT tasks, while lanai et al. (2001) cited a
minimum geometric IT value of 42.6ms in a populatad 390 twin-sibling pairs.
Given the differences between the face stimulise in the present study and the
geometric stimuli employed in other types of ITkgghe results here could be
interpreted as arguing against Kanwisher et apiaion — in terms of simple
perceptual speed, identifying gender (from a fasfimhulus) seems to be
accomplished equally as quickly as the line-I. ktdespite the obvious differences
between these stimulus types.

It is arguable that faces are biologically sal&imuli to human beings and
that expressive faces are even more so (Campatella2002, Fox 2002), to the
extent that angry faces are the easiest of akteall (Hansen & Hansen 1988).
Treisman (1986) suggested a two-stage model whereisual field is specifically

scanned for “biologically relevant features” inragess known as “pre-attentive
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vision” followed by a more focused “attentive visiovhere features are integrated
(cited in Suslow et al. 2003). Previous studiegehadicated that the processing of
facial images involves specific areas of the extia@e cortex which appear quite
specific to un-altered images of faces, but nact@ambled faces or certain other
objects (Ojemann et al. 1992, Allison et al. 199&gsearch detailed in the literature
review of ERP and face responses shows that tHeagin of human faces is likely

a near-automatic process carried out by the fusifiace areas of the brain, and
therefore a rapid process facilitated by rapidigvdng an individual’s attention to
approximately face-like stimuli.

From the present study, it appears that successfuln gender identification via
exposure to a face image is possible (albeit wghall number of repeated stimuli
and the concomitant susceptibility to practiseaffpat relatively low presentation
durations in the same manner as “traditional” ISktgeometric stimuli —i.e. at
stimulus durations between 30-70ms. Austin (2Q3£d two different facial
expressions in a similar paradigm in an emotiomadranination task, with two
distinct IT tasks for each of the emotional valescirather than a single task
incorporating both facial expressions. No inforroatis available from Austin
(2004) regarding inspection times themselves, aptimary dependent variable
throughout was total correct identifications.

The obtained mean IT in the present study (38.3%@s)ns fast when compared
to IT measures from other studies using the trawkti twin vertical lines instead of
more visually complex human faces. Using thaddad paired-lines IT task,
Stough et al. (2001) obtained a mean IT of 33.80Spnnor & Burns (2003)
obtained 62.1ms using the same stimulus type, aackivtosh & Bennett (2002)
obtained a middling value of 37.97ms. Althoughugtoet al. (2001) state that the
issue of IT as a measure of perceptual speedlitustiesolved”, it appears that
solely perceptual speed for relatively simpler dimmations (i.e. whether one line is
longer or shorter than another) are approximatetgmarable to the identification of
gender; lengthy appraisals are not required. 168Y), when taschistoscopically
presenting pairs of familiar and un-familiar mateldemale faces with a PEST
methodology, found substantially faster inspectiores, ranging from 10.24ms to

12.48ms; females were also found to perform somefalster appraisals when
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viewing familiar faces, but this effect was incatent and slight. Whereas the
simple human choice reaction time is often betw&s#h450ms across a variety of
tasks, the perceptual appraisal of stimuli app&reaicupies only 10-20% of the
total time between exposure to the stimulus andath@wving behavioural act.

In the present study, unlike Austin (2004), papiaits were not questioned
regarding the emotional state of the stimulus fdaaring debriefings, only one
participant noted the differing expressions assageacomment. Calder et al. (2001),
using a purely computer-based principal componamidysis technique, were able to
state that when discerning gender, the hair-stiyteeoindividual was of relatively
greater import than other features. When discgrfanial expression, however,
more visual components were required: eye widthi,deop, the height of the corners
of the mouth (raised or otherwise), and the extétite narrowing of the eyes.
Haxby, Hoffman and Bobbini (2000) have also sugggbthat different brain regions
are also involved in making the distinction betwésrial expression and facial
identity. For facial expression, the “changeaieiscles of the face produce the
expression, and the superior temporal sulcus ragiorost involved in noting this.
For facial identity, however, the invariant quagiof the face such as its shape and
structure are processed by the fusiform gyrusdé&adt al. (2001) stated that there
was also considerable overlap in the features tesetentify gender and identity,
involving mainly features of the face which “...clge slowly over a number of
years...” such as head size and nose shape. Abeispted and accuracy with
which this process is accomplished among humaicets is quite impressive,
given the various cognitive and neurological systemrolved.

For the next study, the presentation duratiorigti@ims and 160ms will be
removed and new durations at 25ms and 45ms wilitbeduced; the process of
recognising facial gender is apparently quite rapgduiring approximately only
50% of the maximum durations used here. A ce#ifigct is very obvious in the
present data-set after 60-80ms presentations,tahas goint little is learned except
that participants are able to respond correct§3r98% of trials at these presentation
speeds. Accordingly, data collection points wélddded at earlier presentation
durations since the period of time needed to makh gidgements approximately

spans the region between 20-50ms. The value girdsent study will be manifest
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in the next study involving an ERP acquisition aament with the task previously
described. The near real-time data acquisitiosipessfrom ERP data will be
facilitated by devoting more emphasis and actutd-gaints to the additional two
presentation durations in the region prior to 60fgm the data gathered in the
present study, tentative new parameters can dersgimethodology involving
EEG/ERP acquisitions.
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CHAPTER 6

Study 2
Acquiring ERPs from the E-IT Task.

Introduction

To the best of my knowledge, the present studiydescribe the first ever
application of ERP methodologies to an emotionabidk. Adjunct goals will also
be accomplished; as the first application of théhm@ology, the precise nature of
the resultant ERP activity is speculative, anddata will be examined with a view
to improving subsequent studies as well as on éiseslof emotionally-induced
variation.

The results from the previous behavioural studyioled the basis for
modifications to the methodology for the presenPERRquisition. The E-Prime
program worked reliably in presenting the stimahd the behavioural data obtained
suggested that the methodology would benefit frdditeonal presentations at the
lower (or faster) end of the psychophysical curirethe previous behavioural study,
participants achieved success rates exceeding §@%weewing stimuli for 60ms.

As such, the plot of longer presentation duratjolaseaued and could likely be
removed in favour of introducing newer and briefarations to provide information
on the ascending, or lower end, of the curve.

The task demands in the present study are slighfgrent from the previous
behavioural task, now requiring participants taitfg the emotional expression of
each target stimulus. The nature of the methodolags also changed by the use of
ERP acquisitions in this study. EEG acquisitioresgenerally regarded to be
sensitive to voltage changes at the millisecondl|évabiani, Gratton and
Federmeier (2007) describe the temporal resolutideRPs as “exquisite”. As this
series of experiments will be focused on ERP respsrmanalyses of behavioural RT
will not be emphasised, and instead differencdsam electrophysiological
responses and inspection time will comprise the DiM@er study. Thus, this study
will decrease the emphasis on the participant’sibieliral responses except for their
use in determining successfully identified trialBecreased emphasis on behavioural

responses in this manner will also require somkcagpn of any phenomena in the
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present study, however, and subsequent studieseek to verify these findings in
turn.

As the first ERP acquisition using this task, tr@mresearch questions in the

present study were :

(1) What is the nature of the resultant ERP from thékt? Caryl and
Harper (1996) presented ERPs from IT tasks invghanditory pitch
discrimination and a standard two-line IT task. i/the auditory
pitch task showed a P300 complex with N100 and R20@onents,
the visual IT task’'s ERP was generally less wellindel.

(i) Does the emotional valency of the stimulus classsslt in
statistically significant variations in the ERPsIis question will be

a core feature of subsequent studies.

The nature of the present task is such that a E@@plex with a facial N170
component (Bentin et al. 1996) is likely to be itdid. Several studies by Donchin
(Donchin 1979, McCarthy and Donchin 1981, Donchid &€oles 1988a, 1988b)
suggest that the P300 is likely to be involvedriocesses related to stimulus
evaluation and context-sensitive updating of skema memory — i.e. an appraisal of
the environment at hand, with contextually relevarparisons of what has
occurred previously prior to a response selectidich of the P300’s ubiquity in
psychophysiological studies is explained in thisine, as short-term memory
involvement is a requirement of a vast number ofmonly used experimental tasks
and everyday activities. However, the questioBRP differences related to the

emotional valency of the stimuli remains to be agr®a here.
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Methods

Participants
46 participants were recruited, comprising 26 fasdimean age = 25.96

years, S.D. = 4.84 years) and 20 males (mean 2865 years, S.D. = 2.85 years).
Participants were post- or under-graduate studentsited through the use of e-mail
lists and notice-board announcements. Participaaisired English as a first
language, possession of normal or corrected-to-abvision, and an overall state of
normal good health. For the EEG portion of thé& tasrticipants were required to
have washed their hair on the day of the testrefidined from using any hair-care
products. Each participant was paid £10 for pigeiton.

Materials

Three psychometric tests were employed — the 38-8REIT (Schutte et al.
1998), the National Adult Reading Test (NART, Nelsmd Willison (1991), NFER-
Nelson Publishing Co. Ltd) and the Alice Heim 5 @drest of Intelligence (AH-5,
Heim (1968), NFER-Nelson Publishing Co. Ltd.).

The procedures of the E-Prime facial-IT task wéighy modified from
those used previously in the facial gender idardtfon task. The experimental task
now required identifying stimulus emotion. Manytbé alterations were
methodological and neither apparent nor relevattiggarticipant. Following the
results of the previous study, alterations wereertadwo of the stimulus
presentation durations. The same 8 face stimeall pseviously were presented 4
times at 8 presentation durations. The PC monigpiaying the stimuli was now set
at a 100Hz refresh rate to maximise the accuradiyeopresentation durations, which

were now set at :

Desired 20 30 40 50 60 80 100 120
Requested | 15 25 35 45 55 75 95 115
Actual 26.6 26.6 39.9 53.2 66.5 79.8 106/4 119.7
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The longer stimulus durations at 140 and 160ms wesr®ved in favour of
two briefer durations at 30 and 60ms. The sameti28l6 were presented from the
behavioural study. An additional modification ke tpresent study set the program
to wait until the participant responded before @igmg the next trial, and
participants now set their own pace for this tasiended to minimise movement
artefacts during the EEG recording. The prograsn #hgged the beginning and end
of each trial, and the stimulus class which wapldiged, via a bit-setting output to
the EEG software.

EEG recordings were accomplished using a Neurosc@&mps 7181 forty-
channel amplifier and a Neuromedical Supplies fottgnnel Quik-Cap sintered
electrode cap. All sites were prepared using Needical Supplies’ Quik-Gel.
Data was recorded via proprietary Scan v4.3 soéwaite at a sampling rate of
500Hz using linked and subtracted mastoid charasetsreference. Six scalp
electrodes were used : F3, C3, P3, F4, C4 andrRdse placements are standard
placements in the International 10-20 System (Jak@fe8), and illustrated below :

Front

Electrodes with odd-numbers (F3, C3 etc.) are placethe left of the scalp,
and even-numbered electrodes are right-sided.ePlacts with a “z” (Fz, Cz, Pz
etc.) are central, placed approximately above émral sulcus. Vertical EOG was
monitored above and below the left eye using the $tf@ and one of the cap’s
auxilliary electrodes respectively. Impedancesewaaintained below 10Kohms

(though frequently much lower), and the EEG deda band-pass filtered on-line
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between 0.1 to 30Hz. Averaging was performedia#;land trials featuring

incorrect responses were removed. The raw EE@dnaere examined for

deflections exceeding 4¥, and such activity was deemed to show movemetht an

ocular artefacts. Trials exceeding this threslooidhe raw EEG trace were also

removed from subsequent averaging.

The parameters for each EEG acquisition featutetbhrecording time of

approximately 2 seconds including the stimulus gméstion time. The sub-divisions

were as follows :

1.

9.

© N o 0o~ WD

Trial begins.

Acquisition triggered.

Baseline period begins — 100ms.

Triggering pins reset.

Baseline continues - 100ms gap.

Asterisk fixation point displayed — 300ms.

Blank screen, EEG recording for 700ms

Stimulus presented (variable times up to 115mgjmudus class marker
sent to acquisition software for averaging.

Neutral stimulus mask shown for 800ms.

10. Response prompt displayed.

11. Stimulus marker pins reset.

12. 500ms interval until next trial.
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Procedure

Participants were briefly shown around the lab, thiedEEG cap was fitted
immediately, after which the participants completteel SREIT. As with the
previous study, the SREIT instructed participaats t

“Please read each statement and think how webiplies to you personally.
Then, circle one of the options on the right of plage from “1” if you strongly
agree, up to “5” if you strongly disagree.”.

Participants then completed the NART using thedsteshprocedure, and
were allowed to see their raw results while theoratle behind the NART was
briefly explained. Approximately 10 minutes hadwelapsed, allowing the
conductance gel and impedance levels to settleh Rarticipant’s impedance levels
were measured along with a final check of the mdstod EOG sites, and any
additional electrode preparation was carried outlentrode sites showing
unacceptably high resistance levels.

Participants then carried out a practise task usihgials with presentation
durations of 80ms. The instructions for the psctask and the main experimental
task were identical :

“When the experiment starts you will see an asitan the centre of the
screen.

Look directly at the asterisk.

Next, a human face will be displayed briefly.

The first face will be covered up by a differentdathen you will be asked to
respond.

If the FIRST face you saw was HAPPY, press 1

If the FIRST face you saw was NEUTRAL, press 2

You should aim to be accurate rather than quickake as much time as you need to
decide.

If you are not sure, guess.

There will NOT be any feedback during these trials.

Press spacebar to continue.”
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During the first practise trial, participants wémstructed merely to watch
and not make any response while the experimendaieed the response procedure.
The response prompt for each trial paused the anogind displayed the text :

“BLINK NOW
If the FIRST face you saw was HAPPY, press 1
If the FIRST face you saw was NEUTRAL, press 2”

Participants were shown their on-going EEG traaed,the interference
generated by movement and blinking was demonsttatdtem. Participants were
notified that while the response prompt was showithe screen, the next trial would
not commence until they made their response, atidyf needed to blink or
otherwise move in the seat that they should wadit threy saw the response prompt
before doing so. Participants were also infornied in addition to any pauses they
initiated by withholding a response, the progranuldautomatically start and stop
eight 10-second rest breaks. These periods wdieated by displaying “TAKE A
BREAK” on the screen after every 32 trials.

Ten practise trials which used extremely brief preations demonstrated the
highest difficulty levels of the task, and partiipps were instructed not to be overly
concerned if they found themselves unable to peedbie face accurately. In line
with the original instructions, they were instrutte make their best guess instead.
The participants were also shown the female faed & the neutral backward
mask, and informed that while this face would bensa every trial, it would never
be the face to which they were required to respond.

The room lights were extinguished before each E&SSisn began. During
the IT task, the experimenter sat silently behimelgarticipant and monitored their
EEG recording. During the first several trials #txperimenter coached the
participant on their blink activity to ensure thegited for both the appropriate
moment to answer, and the appropriate time to imkove. Completion of the
EEG task required approximately 25 minutes peliq@pant.

After the removal of the electrodes and a shorakbte allow the participant

to clean their hair, the participants completedAht test using the standard
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procedure (two 20-minute sessions with standardheles). At the end of the
testing procedure, participants were debriefedaf/twished. Each participant was
contacted via e-mail afterwards and notified ofthNART and AH5 overall results

if they desired.

Results
Psychometric Results

During the analysis, data from 3 female participamas discarded. For the
IT task, one female participant failed to achidwe minimum 85% success level
throughout the task. Although the EEG and psyclinoongata was available, the
data file from the IT task for the other two femphaticipants was corrupted and
their behavioural responses (i.e. correct and necbanswers) could not be
discerned from the files. As the IT task was int@ot for the later correlations with
the psychometric data, these two participants \aks@ excluded from further
analysis. The remainder of the data was analysenhg a population of 23 females

and 20 males.
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Descriptives
Descriptives are presented for the entire groumérval-level data in

Table 1:

Table 1 — Overall descriptive statistics for paraimevariables.

Variable Mean Std. Deviation
Inspection Time 121.60 64.88
NART Full 1Q 119.14 3.15

NART Error Score 10.67 3.79

NART Verbal 119.18 3.49

NART Performance 117.06 2.46

AHS5 Sectionl 17.56 5.44

AHS5 Section2 22.07 5.19

AH5 Total 39.63 9.58

Total Correct Responses Per Participant 180.40 | 19.66

Emotional IT values (Kolmogorov-Smirnov Z=1.118)ART full estimated
IQs (Z=0.89), AH5 total scores (Z=0.785), and th@ltnumber of correct answers
from each participant (Z=0.571) all showed normstributions indicating the
applicability of parametric testing.

The IQ measures arising from the NART and AH5 tektsved the sample
as a whole to be of above-average intelligencdy antapproximate mean 1Q of 119
points using the NART's estimation calculation. cbmtrast to the IT value, overall
IQ appeared very homogenous.

The emotional identification task either relies ngite different cognitive
acts than the previous gender-identification tasks generally more demanding,
requiring longer examination of the stimuli for sassful accomplishment. As with
the previous study, the IT value for each partictp@as fitted using the model
described by Deary, Caryl and Gibson (1993), respulh a mean IT of 121.6
milliseconds This is approximately 300% longer than IT meaduwturing the
previous study required to identify gender (38.3prmwo female participants were
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able to achieve inspection times faster than 40vesatl, while four individuals (3
females and 1 male) required longer than 200m® SIh for inspection time was
quite large, however (~65ms), indicating considkrahariation across the
population.

Chart 1 : IT curve for mean correct responses.
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100
95
90 ~

851 /\/

3(5) / —o— Mean Percentage

20 Correct

65 -
60 -
55 -
50 — ‘

15 25 35 45 55 75 95 115

Mean % Correct

Duration (ms)

The IT curve based on mean percentage correctmespavas neither quite
so smooth, nor as typical as that obtained duhegtevious gender identification
study or a prototype curve produced by Vickerd.gt1872). Nonetheless, the
obtained curve shows the expected progression ifieam-chance levels of success at

very brief SOA durations (56.01%), up to high levef success after 75ms (84.49 —
88.04%).
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Descriptives are presented for the entire groupdgal-level data in Table 2:

Table 2 : — Overall descriptive statistics for qmarametric variables.

Variable Median Interquartile Range Reliability
Total El 120.82 12 0.812
Appraisal of Emotions 0.748

31.26 9
Social Skills 48.23 7 0.723
Utilisation of Emotions 0.577

22.51 5
Mood Regulation 52.03 8 0.855

The sub-factors for the Schutte El inventory wezaweéd from Petrides and
Furnham’s (2000) analysis. Normality testing wascarried out on the non-
parametric variables, and further comment uporotitained descriptives is un-
informative. As a non-objective test of individuahdencies (sample items include
e.g. “Emotions are one of the things that make ifeyworth living.”, or “Other
people find it easy to confide in me.”), there ésabsolute answer and responses
may vary considerably. Inferential tests were cmteld on both the parametric and
non-parametric variables to establish, firstly, licgtions for further testing.

(During testing of the SREIT, the scores were rese@ito facilitate analyses

(i.e. scores of 1 now signified strong disagreemamd 5 strong agreement.).

Inferential Tests

An ANOVA was conducted upon the IT and IQ scordgsvben genders. There is
little reason to suspect gender differences indf@ted variables, and testing was
carried out to establish the homogeneity of theupain’s results. No gender
differences were revealed for overall IT value IR) = 0.013, p=N.S.), AH5 total
score (F (1, 42) = 1.007, p=N.S.) nor NART full $Qores (F (1,42)= 0.583, p=N.S.).

Mann-Whitney U tests were conducted upon the Elsmess for the same
reasons, yielding no effects for total EI score §85, p=N.S.), nor any of the sub-
scale items: Mood Regulation (U=71, p=N.S.), Appab(U=79.5, p=N.S.), Social
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Skills (U=58.5, p=N.S.) and Utilisation (U=69.5,[8-5.). There is thus no reason to
further analyse the data with respect to gendel tlaa following tests were carried
out upon the population in its entirety. All repeat NART scores are reduced to the
overall NART IQ equivalent score. As NART PIQ avil) measures are
arithmetical manipulations of the error score, eation values were routinely

identical within tests.

Table 3 : Summary of Significant Correlations liaspection Time and 1Q

measures.
Pearson's Product NART | AH5 AH5 Total
Moment Full 1Q | Section2 | Total Correct
AH5 Sectionl r 0.363
p= | 0.008*
AH5 Section2 r 0.335
p= | 0.014*
AH5 Total r 0.388 0.896
p=| 0.005* | 0.001*
TotCorr r 0.268 | 0.102 0.173 0.151
p= | 0.041* | 0.258 0.134 0.166
Inspection Time
(ms) r -0.309 -0.274| -0.758
p= 0.022* 0.037*| 0.001*

Table 3 summarises the Pearson’s correlations leette IT and IQ
measures. The NART IQ and AH5 scores showedglysignificant correlations,
thereby validating their measurement of 1Q, albd@ibugh different methods. AH5
total scores correlated significantly with the NARUIl IQ estimate, NART
Performance measure, and NART Verbal measure (8880p<0.005 for all tests;
identical results have been removed here) and ivegatvith the NART Error score
(r =-0.388, p<0.005). Thus, as AH5 total scomeased, so did the NART 1Q
measures, while NART error levels fell. The NAR3eif, however, was un-

correlated with IT.
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In turn, overall IT values correlated significandigd negatively (as expected)
with the AH5 total score (Pearson’s r = -0.274, 887). A correlation of -0.274 is
approximately in accordance with other studiesgiite method of constant stimuli.
Nettelbeck and Lally (1976), Hulme and Turnbull 8% Smith and Stanley (1983)
and Nettelbeck (1985c) achieved correlations an{lT tasks ranging from -0.12
to -0.41 among subject populations of 10, 65, 1@ 48 individuals in tasks of
verbal and general intelligence

In the present study, as 1Q scores rose, emotldnadlues fell. Facial
inspection times also correlated significantly aegatively with the total correct
responses (Pearson’s r = -0.758, p<0.001). Thutheanumber of correct responses
rose facial inspection times felfeflecting that individuals who were more
successful at the task also showed lower facidinties. The correlation between the
AHS5 section 2 scores and IT was also slightly siesrthan that for AH5 total scores.
From these findings, it appears that the test nuetlogy is sound as an IT-type task
- although there is little precedence for the I€mnrotional-1.T. relationship at this

time.

Table 4 : Summary of Significant Correlations faspection Time and Emotional

Intelligence. (two-tailed)

TotalEl Mood Regulation Appraisal Social Skil|s Utilisation
Mood Regulation rho 0.73
p 0.001
Appraisal rho 0.63 0.23
p 0.001 0.16
Social Skills rho 0.75 0.36 0.27
p 0.001 0.02 0.10
Utilisation rho 0.53 0.60 0.20 0.24
p 0.001 0.001 0.23 0.14
Inspection_Time rho 0.37 0.36 0.04 0.37 0.16
p 0.02 0.03 0.82 0.02 0.32
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Table 4 showed significant

correlations between paécion Time

(milliseconds) and Total EI score (rho = 0.37, ©2), Inspection Time and Mood
Regulation (rho = 0.36, p<0.03) and Inspection Tend Social Skills (rho = 0.37,

p<0.02). As expected, there were various modestletions among the sub-factors

of the EI inventory itself. The primary implicatidrom this data is that as overall

total El scores rose, so did participants’ insmecttimes; i.e. individuals with

relatively greater El scores required longer stumypresentations to make accurate

judgements of the stimuli.

Table 5 : Summary of Significant Correlations fon&tional Intelligence and 1Q.

Mood Social
TotalEl | Regulation | Appraisal | Skills | Utilisation | NART 1Q| AH5 1| AH5 2
Mood
Regulation| rho 0.73
p 0.001
Appraisal | rho 0.63 0.23
p 0.001 0.16
Social
Skills rho 0.75 0.36 0.27
p 0.001 0.02 0.10
Utilisation | rho 0.53 0.60 0.20 0.24
p 0.001 0.001 0.23 0.14
NART IQ | rho| -0.22 -0.39 -0.01 -0.13 -0.30
p 0.18 0.01 0.94 0.44 0.06
AH5 1 rho| -0.36 -0.18 -0.38 -0.36 -0.22 0.32
p 0.02 0.28 0.02 0.02 0.18 0.04
AH5 2 rho| -0.11 -0.08 0.03 -0.14 -0.23 0.40 0.64
p 0.51 0.62 0.85 0.24 0.17 0.01 0.0p
AH5 Tot | rho| -0.25 -0.16 -0.13 -0.3] -0.28 0.36 0.84 0.92
p 0.13 0.34 0.42 0.05 0.09 0.03 0.0p 0.(

Table 5 summarises the correlations between thda&ibrs and the 1Q

measures employed. AHS5 section 1 scores werdisantly correlated with Total

El scores, showing a modest negative relationghip € -0.36, p<0.02), NART 1Q

was significantly correlated with Mood Regulatiocoses (rho=-0.39, p<0.01) and

Utilisation of Emotion Scores (rho = -0.30, p<0.06)
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These results indicate that overall, as 1Q roga) #l values fell (irrespective
of the significance levels achieved). When dividetb the 1Q-score sub-groups
described in the ERP Data section (i.e. individweilth <36 and >46 points on the
AHS5 total scores), there were no significant déferes between the high- and low-
IQ scoring groups on any of the EI measures (TRtaU= 80.5, p=N.S., Mood
Regulation U = 76.5, p=N.S., Appraisal of Emotidhs 86.5, p=N.S., Social Skills
U= 82.5, p=N.S., and Utilisation of Emotions U = p#N.S.).

ERP Results

ERP averages were computed for each subject’s ativelepochs for
correct responses to happy- and neutral-face stirRarticipant’s AH5 total scores
were used to approximately separate the uppercamet lthirds of the group (16
individuals with less than 36 points, and 14 indials with greater than 46 points).
Grand average ERPs from these two groups of indal&gdwere created for each
stimulus type, resulting in four charts ( (i) higind (ii) low-1Q for happy-faces
stimuli, and (iii) high- and (iv) low-1Q for neutkface stimuli.).

Regions of interest for subsequent analysis wemetified using global field
power, a graphical representation of the standard deviatf the waveform from all
recorded channels (Lehmann and Skrandies 1980PsERe considered to be an
“almost synchronous” (Lehmann and Skrandies 198@)nsation of dipolar changes
in voltage from “sizeable” populations of neuroRsigg and Coles 1995). Such
synchronisation, summation of voltage changes pdydical orientation of neurons
themselves are necessary in order for a “closezttet field to be detected at the
scalp. Rugg and Coles (1995) stated that ERP degs undoubtedly capture only a
small amount of overall brain activity, howevetisteynchronisation and summation
of potentials fundamentally permits the use of ER®dependent measures — the
field which is detected at the scalp is consideteohgly related to the activity of the
brain at the time of exposure to the target stimwihen populations of neurones
summate, the field at the scalp is “maximal”, aad be used to describe the
“occurrence times of evoked potential componeritsh(mann and Skrandies 1980)
—i.e. the areas of the waveform showing the gstéitedd power, or as Lehmann and
Skrandies (1980) describe it, “relief” or “hillingsof the resultant ERP. When
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voltage changes are pronounced across the electrodiage, the obtained GFP

value is similarly large, indicating a potentiagien of interest in the waveform.

Global Field Power

Global field power, as a measure of the root meaare of voltage
differences across all electrodes at each recarsedent (or sample) in the epoch,
is one of several measures in determining notakel@ssof change over time within
the waveform which may vary according to experirakabnditions and task
demands —i.e. ERP deflections. Lehmann and Ske=su(t980) generated the

formula :

GFP = i?z S (U, - U, 2
1

| :=1 _i'=

The computation of GFP using the above formulagtaadard function of
the EDIT 4.3 software. GFP plots were created ftoengrand average waveforms
for the high- and low-1Q groups for each stimulyset These four GFP plots were
then overlaid, and areas where the waveforms showaeclirrent peaks were
highlighted as potential regions of interest. Dleginning and end points of these
concurrent peaks were definedths time-stamp in milliseconds after stimulus
onset where all six waveforms converged or neare@vergence prior to and

after a major peak.
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Figure 1 shows the GPF plot for the present study :

Figure 1 : Global field power plot across condifon
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From the GFP plot, peaks and troughs represerdanggif maximal
summation and change during the recorded epocharanttherefore likely to
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represent deflections or components worthy of amalyFigure 1 shows the GFP
plot obtained from the present data set, whilsufé@ shows an exemplary ERP
grand average for comparison. Major deflectionBigure 2 are also approximately

concordant with GFP deflections in Figure 1.

For the happy-face stimuli, the first region akirest was deemed to be the
region spanning 1304-1356ms. A second regiontefast was deemed to span the
region between 1416-1744ms.

For the neutral-face stimuli, two similar regiorfsraerest were also found.
The first region spanned 1308-1364ms. The secegidm of interest was defined as
spanning 1434-1686ms. When all six waveforms \p&#ed concurrently, two
overall regions of interest were defined as thesdbetweeri306-1358msand
1432-1732ms

Figures 3 and 4 show grand average ERPs from ditipants across both
conditions :

Figure 3 :Grand Average ERP, all participants, happy stimuli
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Figure 4: Grand Average ERP, all participants, neutral gsiim

Grand Average, Neutral Stimuli, All Participants
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As expected, both grand average ERPs displayepkrthetypical
morphology of a face-response ERP, including apatative deflection typical of a
P300. The negativity present in the region at axiprately 260ms post-stimulus
(1460ms) is likely to be the N170 response to $eaf faces as stimulus items. The
ERP amplitude is clearly differentiated at the €ctlode locations, ascending in
amplitude from the frontal sites, through the calntycations, and achieving their
largest values at the parietal sites. Promiaendlitude separations are present at
approximately 1570ms, during the P300 region. &g, 6 and 7 plot both

emotional conditions in pairs.
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Figure 5 : Grand average for frontal electrodes.
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Figure 7 :Grand Average for parietal sites.
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All of the waveforms were highly conformal withtineir scalp locations, with
considerable overlap in the plots across both ¢mmdi; latency effects do not appear
to be noteworthy at the level of visual inspecti@ifferences in amplitude,
however, were prominent, and always reflected highaplitudes for the happy

conditions.

Statistical Analysis of ERP Data and Area Under Coeve

The ERP data was analysed using area under thie GAMWJC), amplitude,
and by gradient for a sub-group of 30 participdotshe area described by both
regions of interest. Area under the curve (usiagedzoidal estimation) was chosen
as it is able to represent both the duration anplitude of electrical activity within
the regions of interest by a single value, proxgdanmore efficient means of analysis
for this, and subsequent larger-scale studies geayFabiani, Gratton and
Federmeier 2007; precedence for AUC measuresasshlswvn in Puce et al. 1999's
N170 face-ERP work.). Contemporary recommendedhoast of specifically

latency analysis are highly cumbersome and subg¢ind thereby no longer
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strictly objectivg, requiring individual scrutiny of all waveformsrfvalues, making
latency analyses unsuitable for studies featurangd participant populations and / or
numbers of conditions. As AUC measures subsumatidarand amplitude in a
single measure, latency data is incorporated dethet of individual DVs across
conditions, without requiring extensive attentiorevery individual's data.

Trapezoidal estimation of area under the curv@énpresent series of studies
was calculated by applying the following formulagtach amplitude value in

sequence within the regions of interest :

[(@2-al) * (b2+b1)/2]
-Where :
() a1 and a2 = x-axis values (time in ms)

(i) b1 and b2 = y-axis values (amplitude of thevevan uV)

Within the present dataset, the difference betveagntwo consecutive points
on the x-axis was a constant 2ms (i.e. [a2-al])lenthe sum of any 2 consecutive
points on the y-axis represented the cumulativelitidp of the wave over that time

period (i.e. [b2+b1]). An example of a series &f@ calculations is provided :

=(2)*(1657+1656)/2
=(2)*(1658+1657)/2 etc.

Essentially, the AUC was calculated in 2ms-longipst’ of wave amplitude,
in a point-per-point manner for each data poimet @ell) within the regions of
interest, representing the average height of theear mid-point of a trapezium) at
each time point.

The final DV for each individual was the sum of #rea calculations within
each region of interest, per electrode channekandition. Depending on the
specific variables under test, the obtained valaesUC could be, and frequently
were large owing to these final summations, butartgntly, they are as logically
valid as any other transformation as a measunedwidual differences. For

example, a mean amplitude calculation would gereaat‘arbitrary” value
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representing the central tendency of the amplitw@® an epoclrather than e.g. a

literal data-point corresponding to an actual vditoen an epoch In this way, AUC

is conceptually not dissimilar to mean amplituda, any other transformation
producing an “arbitrary” summary variable — e.gcores or percentages. AUC,
however, subsumes measures of wave height, antltoneg component duration
within the AUC calculation.

Although the typical unit of measurement for areder a curve is expressed
as a squared value (e.g. ‘@inthe calculation here creates a measure of tipifsx
Time”. Thus, AUC is a signedalue which can be either positive or negative
depending on the summed polarities of the deflastiwithin any region of interest.
The possibility arises that the [(b2+b1)] amplitwddculation will varyingly add or
subtract some combination of positive and negatalees as a result of differing
polarities between individuals’ amplitude valueshivi the region of interest.
However, because the final DV is no more or le§fia@al than any other
transformation, the nature of the final valhumetheless remains a mathematically
pre-defined reflection of individual differencesvimveform amplitude over time.
i.e. The magnitude of the AUC will be determinedaboyeasure reflecting the sum of
the deflections within an epoch.

Latency onset analyses were not conducted uponaitéset per se, although
Luck (2005) states that AUC measures, althougldimettly comparable, can be
used as a means of reducing latency “jitter” —individual trial-to-trial variability in
latency onsets within individuals . A full latenapalysis requires individual
scrutiny of all participants’ individual grand aege waveforms to determine values
per region of interest and condition, where an #nnié analysis does not. In the
present series of studies, this does not appeaamtad from the highly overlapping

nature of the group grand averages (figures 3&).The_grand average waveforms

show prominent differences in wave amplitude, nathan obvious visual
differences in onset timing. Latency analysesadége complicated by their
inherently subjective nature, given that each wawefmust be individually
examined. Figure 8 illustrates the subjectivityatency analysis of ERP

waveforms.
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Figure 8 : Sample individual averages, happy siimiuP3 site.
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Although the group grand average ERPs in the ptetedy are clearly
modulated, individual ERP averages typically shoeagvariation. Figure 8 shows
the grand average at the P3 site for four randamlgcted participants. Example 1
shows prominent P100, N170 and P200 deflectiondewxample 2 shows clear
P100 and P300 deflections. Examples 3 and 4, henwskiow visually different
deflections, neither of which show more than one@ls component (Example 4
shows a slight, and long P100 peak, while Exam@e®vs an N100 instead).
Importantly, however, all four of these individuatentributed to the sample grand
average waveforms shown in figures 3-7, which vedzarly modulated overall. For
any sample population, scrutiny of individual awga shows great variation literally
due to individual differences, making the deterrtioraof component onset in
individual grand averages highly problematic fa thajority of the data-set. If a
deflection or component intended for analysis salwious, then the moment in
time at which it commenced is at best arguablelitegto inherent subjective error
in the associated values. Amplitude analyses, iewyelo not suffer from this issue
as (i) components may be determined from the ptipnlaample GFP plots rather
than individual examination and (ii) amplitude ars&ls are inherently reductionist
by popular and published convention, reducing trexall activity over time to a
single mean value across the epoch of the defleatialer examination.
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The data was analysed firstly for significant diéieces in area under the
curve from the grand average ERPs using a 4-way ¥AIConsisting of Gender (2)
x Electrode Location (3) x Emotional valency (2i&misphere (2), and secondly for
gradient effects using 30 individuals from the ové 42 to contrast High- and Low-
IQ sub-groups. Within these two sub-groups, thta &am seven individuals
featured missing electrode channels due to an sixeegresence of artefacts. Both
the F3 and F4 channels were removed from four iddals, the F3 channel alone
was removed from two individuals, and the F4 chaalmne removed from one
individual. In order to retain the remaining datam these individuals, mean values
were created based upon the entirety of the 3®@ichakls’ data set (i.e. all high- and
low-1Q individuals) for the F3 and F4 channels, #&md mean values was inserted
into the missing data as a replacement. The ngskita, however, comprised less

than 8 data points for all 7 individuals.

Area Under the Curve

Analysis of Region of Interest-1
The dependent variable here is expressed/asTime due to the use of area under

the curve (AUC). Effect sizes are provided fomgigant post-hoc contrasts using
the ES correlation for t-values;.or reontrast. This value is computed usingdirast =
Otz / (t2 + df)] (Field, 2005).

(i) A main effect of electrode location was presantegion of interest-1
(F(2, 80) = 8.638, p<0.0001). Post-hoc testinthi effect revealed a difference in
comparisons between all central and all parietaitedde sites.

t(44) = -6.423, p<0.0001

-49.135 Central vs. 65. 672 Parigidl x Time.

(reontrast=0.69.)

(ii) An interaction effect of Emotion x LocationGender was present in
region of interest-1 (F(2,80) = 5.347, p<0.007hisleffect was examined by
performing an ANOVA using a 2 x 3 design within@&tom each gender, testing
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for differences between the front, central andeiatisites under both the happy and
neutral stimulus conditions.

Within only the sub-group of the male participatsnarginal effect of

emotional valency arose from this analysis (F(3,28.862, p<0.065) and was not
pursued further. However, a significant effecEtéctrode Location was present
(F(2,40) = 7.874, p<0.001).

Post-hoc testing with the male participants shothatlthis effect was due to
differences between the frontal and parietal sites

t(19)=-2.554, p<0.019,

-76.732 Frontal vs. 18.681 Parietd x Time

(rcontrast=0.5)

Differences were also present between central andtpl sites :
t(19)=-3.975, p<0.001

-83.41 Centrals. 18.681 ParietallV x Time

(reontrast=-0.67)
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Figure 9 illustrates the difference in mean aredeuthe curve for the 3 electrode
locations.

Figure 9. Differences in AUC at all electrode locas, males only.

Plot of Electrode Location effects, males only.
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For female participants, an identical analysis pagormed. A main effect
of Electrode Location was present (F(2,40) = 3.§%D.029). As with the male
participants, post-hoc testing showed the effeattolve the parietal electrode sites

t(25) = -5.064, p<0.044
14.863 Central vs. 112.663 Parigi&l x Time

lcontrast=0.71
As with male participants, the parietal sites faméle participants evoked

larger mean areas under the curve. Female panitsphowever, maintained a
positive polarisation throughout region of interéstiustrated in Figure 5.
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Figure 10 : Differences in mean AUC at all elece&dakcations, females only.
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Additionally for female participants, an interactiof Emotion x Electrode Location
was present (F(5, 100) = 3.561, p<0.005).

Post-hoc testing of this effect required multiptenparisons with a Bonferroni

corrected significance level of p<0.003. Effectrgvagain confined to the central

and parietal sites :

117




Table 1 : Post-hoc comparisons for Emotion x Etetdrlocation interaction

effect, females only.

Comparison d.f. t Sig. Mean Area  Effect Si
(Vcontras)
Central, happy, vs. | 25 -5.13 0.001 -21.832 0.71
Parietal, happy. 105.603
Central, happy, vs. | 25 | -4.808 0.001 -21.832 0.69
Parietal, neutral. 119.723
Central neutral vs. | 25 | -4.058 0.001 -7.894 0.63
Parietal, happy. 105.603
Central, neutral, vs. |25 | -4.850 | 0.001 -7.894 0.69
Parietal, Neutral. 119.723

In all cases, mean AUC at the parietal sites wensiderably larger than

those at central electrode locations. These fogglprovide relatively little insight

into the nature of the participant’s responses,dwar, and are more valuable in

confirming the presence of the enhanced amplittm@ards the rear of the scalp

which are characteristic of the presence of theOR8Mnplex.

Analysis of Regqion of Interest-2

Two main effects and two interaction effects warespnt during this region

of interest. AUC values for region of interest-8rev larger than those values in

region of interest-1 due to a prominent and susthlate positivity spanning 1432-

1732ms. Inter-regional differences were not comgdor this reason; within AUC

calculations, increases in a single dimension eault in large increases in overall

area itself.

(i) An initial main effect of Emotion was preseRi({,40) = 5.372, p<0.026).
Comparisons of all happy and all neutral stimutoae all electrodes showed a

significant difference in the mean area under theerepresented by these
conditions (t(41) = 2.247, p<0.03Qedirast= 0.33 ). Happy stimuli evoked a

significantly larger mean area under the curve tidmeutral stimuli (1053.62 vs.
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882.72uV x Time), effectively differentiating between tbenotional stimuli - a
main aim of this series of studies. Specificakllyd) the presence of an emotional
expression generated a larger and more sustairfledtd® than an absence of

expression (a neutral expression.).

(i) As with region of interest -1, a main effedtElectrode Location was also
present during region of interest-2 — F(2,80) 928, p<0.0001). Post-hoc testing
of this effect found that the mean areas undectinee at the frontal, central and
parietal electrode locations were all significartifferent from each other. Table 2
shows that parietal sites evoked the greatestisadtamplitudes.

Table 2 : Post-hoc analysis of Electrode Locati@meffect.

Comparison df.| t Sig. Mean Area Effect Size
(Tcontras)

Frontal vs. 44 | -3.262 0.001 495.09 0.44

Central 979.48

Frontal vs. 44 | -5.65 0.0001 495.09 0.64

Parietal 1429.96

Central vs. 44 | -7.03 0.0001 495.09 0.72

Parietal 1429.96

(i) An interaction effect involving participantegpder was present in region
of interest-2. An effect of Emotion x Gender (BQ), = 3.639, p<0.064) was
present. Within male participants, a significaifitedence was present in mean area
between overall happy and neutral stimuli

t(19)=2.591, p<0.017

885.07 Happy vs 573.51 Neutta¥ x Time

lcontrast= 0.51

Female participants, however, did not show thisaft(25) = 0.354, p =
N.S.), although the mean area values for happy2182V x Time) and neutral
(1191.93uV x Time) followed a similar pattern to that fourmdmale participants. In

both cases, mean area under the curve for happulstvas larger, as with the main

119



effect of Emotion type, for happy-face stimuli. nk@e subjects showed a similarly
larger overall mean area for happy stimuli, altHotlgs difference itself failed to
achieve significance. Female participants diddmgplay much differentiation
between the emotional stimulus types in terms fédinces in mean area. The

effect is graphically plotted below in Figure 11 :

Figure 11 : Graphical plot of mean area valuesifale and female participants

across emotional stimulus types in region of irge&

Graphical Plot of interaction effect of Emotion x Gender
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(iv) Lastly, an interaction effect of Electrode ladion x Hemisphere was present
(F(2,80) = 5.057, p<0.009). Post-hoc testing fif End right-hemisphere electrode
sites across the frontal, central and parietaltiooa revealed no significant

differences (See Table 3) and were not pursuetdurt

Table 3 : Post-hoc analysis for Electrode Locakdtemisphere differences.

Comparison d.f. t Sig. cdntrast
Frontal, left vs. right 44 1.618 N.S 0.24
Central, left vs. right 44 -0.19 N.S 0.03
Parietal, left vs. right 44 -1.216 N.S 0.18

Gradient — 1Q effects
Two gradientwindows were identified using an alternative amoper

version of Caryl’'s (1994) rationale. Using thergtaverage for the C3 site, high-
and low-1Q groups, happy and neutral stimuli, tWiadows spannind492-1548ms
and1548-1608msvere identified.Caryl (1994) adopted the technique of using
“....the gradient of a straight regression line caevindow...”, Where the 32 ms
boxcar window shifted in 2ms time-steps over theMHERP. In the present study,
this window was expanded to 56ms and 60ms in legthconfined to the region
from where all concurrent plots crossed the X-axighe point where all four plots
peaked and began to fall.

The gradient values of both regions of interes®gt4548ms and 1548-
1608ms) were analysed by Pearson’s correlatioalfgarticipants, and employed
only the High-1Q and Low-IQ groups (after e.g. dgsen et al. 1988). Mean
gradient values for the High and Low 1Q groupssirewn in Table 4.
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Table 4 : Descriptive gradient values for High- &mav-1Q groups.
Value Mean S.D.
High-1Q, region 1 gradient| .0625 .0459
Low IQ, region 1 gradient | .0572 .0404
High-1Q, region 2 gradient| -.0175 .0241
Low-1Q, region 2 gradient | -.0029 | .0485

Table 4 shows that gradient values within regiomtdrest-1 and region of
interest-2 for the High-1Q group were larger thauigalent values for the Low-1Q
group. When analysing all high- and low-1Q pagasts, only window 2 showed an
negative correlation between AH5 total scores ardmERP gradient (Pearson’s r =
-0.317, p<0.044). Separate analyses of the higthi@v-1Q groups yielded different
findings.

Among the high-IQ group, effects were only presergradient window 1 (1492-
1548ms). Negative correlations with 1Q were preseme for overall mean gradient
(r =-0.599, p<0.012), for happy stimuli (r = -053<0.031), and for neutral stimuli
(r =-0.646, p<0.006).

Among the low-1Q group, correlations with IQ wendypresent in gradient window
2 (1548-1608ms). Negative correlations were priefegroverall mean gradient (r =
-0.451, p<0.04), and happy stimuli (r = -0.488, 7). No effects were present for
the low-1Q group’s exposure to neutral stimuli.

Examination of Incorrect Responses

A brief examination of the incorrect responses,thi@lowest-scoring
participants, was also conducted for interest.nfloe entire group, 10 individuals
with the lowest number of correct responses wdeetazl, and their areas under the
curve for regions of interest-1 and -2 in respdogeappy and neutral stimuli for
correct and incorrect responses were comparedselt@individuals possessed at
least 90 incorrect behavioural responses, or am eate of approximately 35%. An
examination of these low-scoring individuals, hoagwhas an inherent theoretical
problem for which it is difficult to compensate;egjifically, the causes of incorrect

responses are likely to be heterogeneous in onighiist the causes of correct
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responses are likely to be fewer in number. Soaterpial examples and

explanations of errors are listed :

(1) A strictly behavioural error of physical movemeite- the wrong
response key was pressed accidentally when theataesponse was
known to the participant.

(i) A “genuine” error, where the perception of the stins itself was
simply incorrect at a basic level; e.g. a happgfdor whatever
reason, was mistaken for a neutral face, or vicsare

(i) A more persistent error related to the particigeing in possession
of an erroneous prototype or schema of the stimelags. Although
the stimulus faces were independently rated irptegious study for
the presence of the expression they purportedptaiied, a small
percentage of raters nonetheless disagreed wittmé@rity. Some
participants may also have possessed such an eumoencept of the
stimulus class, resulting in performance errors.

(iv)  An error in perception related to the durationhef stimulus type; i.e.
when the participant viewed the stimulus, it wasdamentally
displayed at too brief an interval for a corregbigisal to be made.

There are likely to be other potential explanatitmrghe presence of
incorrect responses, and of the suggestions listeg] perhaps only item (iv) could
be accounted for through the use of stimulus dumads a covariate in analyses. In
short, however, the reasons for incorrect respoaisesumerous, while there are
potentially fewer and simpler explanations as tg atparticipants’ response could
be correct.Generally, correct answers are assumed acrogieavariety of
experimental methodologies to indicate that eithertask demands weneet
appropriately, or, potentially, a guessed respovesecorrect. i.e. Instead of pressing
the incorrect response key, the participant actallgmressed the key corresponding
to the correct response. Such errors in the paat's favour are equally difficult to
compensate for, or identify.
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Table 6. Analyses of area under the curve forembivs. incorrect responses

Analysis Emotion
ROI-1, Happy F(1,9)= 0.66, p=N.S.
ROI-1, Neutral F(1,9)=0.018, p=N.S.
ROI-2, Happy F(1,9)= 0.002, p=N.S.
ROI-2, Neutral F(1,9)=0.133,p=N.S.

(Region of interest abbreviated to “R.0.1.")

Although main effects remained present betweerdfft electrode sites,
more importantly, no significant differences weteibutable to the emotional
valency of the stimulus items when comparing waragofrom correct and incorrect
responses. This data, however, is presented altthgonsiderable caveats in its
interpretation, and was not considered as an i\ssuthy of further exploration in
subsequent studies. Here, essentially, no diffedezffects of the main stimulus

manipulation can be detected.

Discussion

As an initial ERP acquisition during an emotionadl dacial-IT task, the
present methodology has been successful in seegralds. To the best of my
knowledge, this study constitutes the first emalanspection time task to feature a
concurrent ERP recording, and successfully confirenapplication of the
methodology by replicating the expected negatilatimship between 1Q and IT.
The task also generated an ERP commensurate wadcetions, which showed
statistical differentiation among the stimulus gatges. In the case of region of
interest-2, these differences were attributabkbéoemotional valency of the target
stimuli. Effect sizes among post-hoc contrastgeanfrom 0.27 to 0.72, indicating
moderate to large effects (Field, 2005, Cohen 1,9%#) affirming the usefulness of
a large subject population for an ERP study.

The behavioural and psychometric results of tBk teere successful in most
respects, although difficult to directly equatehwiindings from Austin (2004) and
(2005) owing to differences in the tested dependanables. The tested population

showed no gender differences across IT scores, J&dees, or SREIT measures,
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which simplified these analyses, although gendéerdinces are sometimes present
in El studies (e.g. Austin 2005). In contrast tody 1, the mean inspection time for
this task was substantially longer; an increasmf88.39ms to 121.6ms when
identifying facial expression versus gender. Hatentially indicates differences in
the rapid appraisal of gender and emotional expmess As Austin’s (2004) and
(2005) studies concentrated on error rates raliaer inspection times, there is no
other information with which to compare this. Som@rmation exists from a
summary of ERP studies (Palermo and Rhodes 200@jdimg ERP latency
responses to emotional faces, although these mesasrg not directly comparable to
behavioural IT, and show considerable variatioms€studies.

The present psychometric findings showed severh@mena. The NART
and AH5 showed significant associations with eatleip and each test individually
showed similar negative relationships to (albdiiedent) aspects of the SREIT
scores. With regard to the typical findings frothey IT studies, the task appears to
have been broadly successful in this regard. Maidaregative correlations were
present between individual inspection times anal tirrect responses, as well as
negative correlations between IT and IQ measufé& population therefore showed
the expected relationship between rapid apprehemsid heightened 1Q, broadly
consistent with e.g. with Zhang, Caryl and Deai§8da) and Caryl (1994).
However, the negative associations between IQ &t Bscores imply a different
mechanism; as 1Q rose, SREIT scores fell, or versa. Moderate positive
correlations were present between overall El anéht these two phenomena are
not in accord with the notion of “speeded perceptimplicit in non-emotional IT
tasks.

Speeded perception of emotional stimuli was nodlved in the expected
manner here, as stimulus perception was sldweldigher SREIT trait scores. While
the relationship present here between IT and HE Isaneither illogical nor in
accordance with precedence, it also doesmply superior rapid perceptual abilities
for emotional stimuli among the higher-scoring Edwgp. Instead, an increasing
SREIT score showed an overall tendency to requioager period to make a
judgement regarding the nature of the stimulitifty, increased SREIT scores

were also associated with lowered 1Q scores — axt@es rose, IT values and
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SREIT scores fell. Possibly, an individual selpogting higher EI traits requires or
otherwise performs a more detailed examinatiomefstimuli before reaching a
judgement, but, the examination of emotional stimis not associated with
speeded perception or heightened intellect. Aalokti findings here also showed
some results not found in Austin (2004); significaegative correlations were
present between two sub-factors of the SREIT (nregdlation and utilisation of
emotion) and NART full estimation I1Q measures. Séheesults are in accordance
with the inter-correlations between the AH5 and NAReasures.

The presence of the P300 complex in the ERPiglatansistent with standard
interpretations of the phenomenon. Polich and K@&©5) broadly agree with
Donchin’s interpretations, in stating that the B&plex is known to be associated
with “neuroelectric activity related to cognitivegeesses such as attention allocation
and activation of immediate memory.”; in itselfisiis a broad statement covering a
multitude of cognitive processes, but importanthgk engagement is a pre-requisite.
The P300 complex is an extremely prevalent phenoméencognitive ERP studies
wherever stimulus identification and, importantlye active performance of a task is
required of the participant. Balconi and Pozz20(3) illustrated the phenomenon
of the P300 in facial viewing in reverse, by shogviERPs recorded from a passive
viewing of emotional human faces. When no taskaleis were required from the
participants, while it is claimed that the N170 eened present, the ERP displayed a
prominent lack of any consistent modulation, witthycan isolated deflection being
present at 230ms post-stimulus. In contraszdgalli et al. (2002) performed an
apparently similar passive-viewing task using huri@@es as stimuli, and were able
to evoke a P300 complex, despite there being horéagiired of participants at the
time of viewing.

While there have been numerous past studies wiaich ised human faces
as stimulus items for ERP tasks, there do not agpdae any which are directly
comparable to the present study, presenting soffieutties in interpreting the
present, novel data. Palmero and Rhodes (20028istudies since 1999 which
have used emotional human faces, of which 13 ugdllBethodologies. Of these
13, only 1 study featured a primary comparison keetwemotional faces — Streit et
al. (2000). Using 30 faces from the Eckman anddem facial affect set presented
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for 500ms each, participants were required to iflefdcial expressions. Streit et al.
were also able to evoke a simple P300 complexoadih the results presented
focused on a discrimination between real and bibintenan faces, rather than an
overt discrimination between the emotional valeotthe real faces. Palermo and
Rhodes (2007) also state that differences wereepté®tween specific emotional
valencies, although this information is not preserhe Streit et al. source article.
In that study, non-obscured faces evoked signifigdngher amplitudes in the
region spanning 180-300ms post-stimulus. Direotgarisons between the present
study and Streit et al. are again problematichegresent study, the presentation of
the faces using the method of constant stimuli (M@8kes the task substantially
more difficult for participants, with half of theals in the present study being
presented at less than 50ms — less than one-teSthedt et al.’s constant 500ms
stimulus presentation.

Visual inspection of the waveform obtained in thegent study nonetheless
showed deflections typical of the P300 complex;theugh the methodology was
unique, the resultant ERP was itorphologically) unique. The focus of the
present analysis was not on face-specific companent other statistical differences
due to the emotional valency of the stimulus typesegion of interest-2, spanning
the N170 to P300 components, statistical effeasjged a differentiation between
happy and neutral stimuli, with larger and mordauged EEG activity present
during exposure to the happy faces. Effect sieéwden contrasts were also robust
in this region. Perhaps importantly, however, #ffect occurred when there was
only a two-choice discrimination to be made intidmk demands. At present, the
effect related to the emotional valency of the fax@gy be a confound of the
nomenclature of the stimuli employed — i.e. whilere is a main effect of emotional
valence, it may also be simply another name fontigius discrimination between
two categories which differed.”.

Finally, the ERP data showed some effects similahtang et al. (1989a)’s
P20G. When sub-divided into high- and low-1Q groupsnsogradient differences
were apparent in regions of the ERP waveform paunmgr For the high-1Q group,
gradient values were consistently higher, and Bagmitly negatively correlated with

AH5 score in a similar manner to the 1Q-IT relasbip, but only in the earlier
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gradient window (1492-1508ms). The relatively low@ group showed gradient
effects only in the second window (1548-1608mspraximately 50ms later.

In summary, the initial ERP acquisition from thask has been successful in
all regards. The expected phenomena from prevamial ERP and standard IT
methodologies have been reproduced in most res@dittsugh results were not
“sweepingly” prevalent in all cases. Nonethel#lss,task works well for the
intended uses, and showed statistical effectsetlat the discrimination of
emotional expression. The task will be modifiedgubsequent variations of the
present study. The forthcoming study will examangotential confound in the
present methodology and its impact on the obtadia¢d, with a view to increasing
data collection in forthcoming studies. The cutigwal is to increase the number of
emotional stimulus classes presented to furthemaathe discriminatory processes
present, and to examine if the process of discgramotional expressions can be

characterised when the difficulty of the task isreased.
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CHAPTER 7

Study 3
Comparison of EEG Waveforms arising from the usiaoé- and non-face masking

techniques.

Introduction

The present study was intended to be a smallee-$esi of the previous
methodology, with specific emphasis on the stimuahasking technique. In the
previous study, and also in Austin (2004) and (30tBget stimuli were backward-
masked by a neutral human face not in use as ettstigiulus item. Although
logical that the most appropriate image mask fouman face is another human
face, the conventional line-IT task has shown mekagical difficulties when using
masking stimuli which were also other lines (De&§00). The phenomenon of
masking effects is compounded by the EEG/ERP metbgg, which is highly
sensitive to individual differences in participamtsponses in ways which many
other experimental methodologies, especially behaei-only measures, are not —
i.e. ERPs record “neural manifestations of spegsigchological functions”
(Fabiani, Gratton and Federmeier 2007, p85). €kpanses evoked from
participants are therefore critically dependentruglb aspects of the stimuli and their
manner of presentation, and otherwise small metlgdaml changes may result in,
at least, visual differences in grand average wawe$ with concomitant statistical

repercussions which may not be apparent in sokgiyaioural studies.

The present study has three principal aims :

(i) An evaluation of the effects of using neutnaman faces or non-face images as
backward-masks on grand average ERPs. The usmtifeat human face as mask
may generate an effect in itself which it may bsiddle to avoid in future studies.
Photographs of human face images naturally posisgent contours and outlines
which may generate a “contrast” effect when backiwaasked, by rapidly adding or
removing differences from an image, and in this wagke identification of salient

features easier. In visual line-IT tasks, thismmmenon is known as “apparent
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motion”, and is regarded as an influential confounthe inspection time
methodology (Deary, 2000). The apparent motioaectfis akin to the technique
used in single-frame cartoon animation, where @endhange in the shape or
brightness of two successive, rapidly presentedvasudlly similar images creates
the illusion of movement in the target image. Whpparent motion occurs, the
backward masking technique serves the oppositeopar its intention, and
differences between the mask and stimulus becoare obvious than intended.
When apparent motion is easily noticeable by padits, the IT task fails to
adequately measure inspection time itself (Maclkeand Cumming 1986,
Nettelbeck 1982, Egan 1994). Stough et al. (280f@pested that IT as “a relatively
pure measure of perceptual speed” still remainsesdrat controversial as a concept,
and the use of apparent motion cues in some sitgthay constitute a helpful
strategy for participant success in IT tasks. Maake and Bingham (1985) (in
Stough et al. 2001) reported that the expectedtivegeorrelation between
inspection time and IQ could be eradicated wheraagm motion was perceived,
whilst those who did ngterceive apparent motion still manifest the expeatverse
relationship between IT and 1Q.

In the typical line-IT task, apparent motion cuas be minimised via the use
of Evans and Nettelbeck’s (1993) “flash mask”; aasat of the line mask with a
“lightning-bolt” feature in the middle of each doward-pointing leg. Stough et al.
(2001) reported that the standard mask still mah#d@parent motion effects in their
own study, whilst two alternative masks (a “flashask, and a third “lines” mask
composed of multiple, dashed lines of varying lesyboth significantly reduced
apparent motion. Apparent motion effects, howewere not completely eradicated
no matter which method of masking was employed,thnd, the effectiveness of
masking stimuli in IT tasks is highly important.n&xamination of the masking
technique used is therefore worthwhile in variaftthe IT task such as the present
series of studies, although if the expected stedibg inverse IT-1Q relationship is
maintained, there is good reason to suspect thpatrapt motion effects have been
attenuated. In the present study, the standarlatéace mask type will be replaced
by an alternative mask type, and any effects uperERP scrutinised.
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(ii) A continuing examination of differences reldt® the emotional valency of
stimuli. During the present study, participantl again be asked to identify the
emotional expression from human faces. Althoughelwill be slight
methodological differences between this and othetiss — principally, no variation
in SOA between stimuli in the present study - theyeetheless exists an opportunity

to collect emotional face-response ERPs from thiegizants.

(iif) An attempt to replicate the grand average afavm from the previous study,
and any related statistical effects. Althoughttireng parameters to be employed in
this study will no longer use varying SOAs, thektdemands and other parameters
are otherwise identical to the previous study kaalgh this task is intended to be
simpler and easier for participants. Althouglsiekpected that the ERPs will vary in
response to the masks in use simply due to a diffestimulation of the participants,
if the methodology is otherwise sound, the gena@iphology of the ERP should
remain consistent with that obtained in the presistudy.
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Methods

Participants
Five male (mean age = 26.4 years, S.D. = 3.6 yaafive female

participants (mean age = 25.4 years, S.D. = 3.8rsy¢ook part. The recruitment
criteria for this study required all volunteerdo®in a normal state of good health,
and free from any conditions involving broken ong@ve skin on their scalp, face
or forehead. Participants were required to hav&hed their hair either on the day of
the test, or the night previously, and were aske@frain from using any hair care

products on the day of the test. No incentive paiji:were made to participants.

Materials

Thirty-two images of two male and two female indivals from Eckman and
Friesen’s Pictures of Facial Affect (1976) wereedaby 13 males (mean age = 19.08
years) and 16 females (mean age = 21.44 year®selimages individually showed
emotional facial expressions of anger, disgustphegss and sadness. When
compared with Eckman and Friesen’s original catisgtions, the stimulus faces
were reliably identified in accordance with thegomal categorisations; 90.74% of
the items were identified “correctly”, and the nmmim no. of correct identifications
was 73.21%. Three images of male human faces frera gelected from the rated
faces for use in the present study; two as stimiténss and one as a stimulus mask.
The stimulus items featured the same male individagraying a happy facial
expression, and a sad facial expression. A sintgge of a different male face
portraying a neutral facial expression was usea rmsask. A “non-face mask” was
then created by heavily distorting an image of‘8tenulus” individual portraying a
neutral facial expression, using the softwaretytiontort v.2.7
(www.graphicutils.com). This “non-face mask” wasually complex but
unrecognisable as a human face, and as a dist@tsibn of an existing stimulus,
employed the same colour palette as the other ktgnitems and mask (i.e. thereby
controlling for stimulus luminance). This approasisimilar to the non-face images
employed by Kanwisher et al. 1997, although hepeattempt was made to preserve

any individual facial features themselves. Alhsili, and both masks, were gray-
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scale images 350 x 275 pixels high (11.5cm x 8soBiending a visual angle of 9
degrees 31 minutes at 70cm distance from the scr@é&e stimuli and masks (for all
studies) are presented in appendixThe presentation order of the stimuli was
counter-balanced for quantities and then randomisedbtal, participants viewed 64
faces with a happy expression followed by a nediaded mask, 64 sad faces with a
neutral face mask, and identical numbers of happlysad stimuli followed by the
non-face mask. In total, 256 stimuli were presgntsing an SOA of 80ms for all
stimuli. The backward masks were presented oreadiaa 500ms. The new non-

face mask is presented below :

EEG recordings were accomplished using a Neurdsc&mps 7181 forty-
channel amplifier and a Neuromedical Supplies fottgnnel Quik-Cap sintered
electrode cap. Data were recorded at a sampltegpf&00Hz, using linked and
subtracted mastoid channels as a reference. 8 slectrodes were used: F3, C3,
P3, F4, C4 and P4. Vertical EOG was monitored betwFP1 and an auxiliary
electrode placed 2cm below the left eye. All sitese prepared using Neuromedical
Supplies’ Quik-Gel, and impedances were maintabetdw 10Kohms. The EEG
recordings were band-pass filtered on-line betwk&rno 30Hz. Raw EEG activity
which exceeded 48/ on any channel was marked as containing artefaeithose
trials were excluded from subsequent averaging.ekoh trial, the EEG recording

epoch was 1980ms, with an initial 200ms baselim®gde
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Procedure
The EEG cap was fitted immediately, and impedansese monitored.
Participants initially completed 10 practise trjdidlowed by the task proper. Each

participant viewed the following instructions :

“When the experiment starts you will see an asitan the centre of the
screen.

Look directly at the asterisk.

Next, a human face will be displayed briefly.
The first face will be covered up by a differentaige, then you will be asked to

respond.

If the FIRST face you saw was HAPPY, press 1
If the FIRST face you saw was SAD, press 2
You should aim to be accurate rather than quickake as much time as you need to

decide.

If you are not sure, guess.

There will NOT be any feedback during these trials.

Press spacebar to continue.”

After each trial, the participant was prompteddspond with the following text :

“If the FIRST face you saw was HAPPY, press 1
If the FIRST face you saw was SAD, press 2”
Upon their response, another trial began. Padidgpwere permitted to ask
guestions before commencing the full set of triats] instructed that as far as
possible, they should try not to blink or movehie seat wait until the response

prompt was presented on-screen and the experimesed. Once initiated, the
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stimulus presentation program presented a newadnigl after the participant had
responded, allowing them to determine the pachetkperiment. Every 32 trials, a
10-second rest break was automatically initiatedaftotal of 8 breaks. Throughout
the procedures, the experimenter was present irotime behind the subject and able
to examine on-line averages as the trials progdesBer the first several trials, the
experimenter examined the participants’ patterblioking, and advised them if
blinks were occurring at unsuitable moments. Heahused the following sequence

of events :

1 Trial begins.

. Acquisition triggered.

. Baseline period begins (100ms)

. Blank screen (100ms)

. Asterisk fixation point displayed (300ms)
. Blank screen (700ms)

. Stimulus presented (80ms)

. Stimulus mask displayed (500ms)

© 00 N O 0o M WD

. Blank screen (200ms)

10. EEG recording ends.

11. Stimulus triggering reset.

12. “Respond Now” prompt displayed.

13. Subject’s response triggers next trial.
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Results

As intended, all participants appeared to findté#sk very simple, with no
participant obtaining less than 244 hits, a mearcaoect of 251.8, and an
equivalent success rate of 95.3%. The extremeahplarticipant error rate and
“blink-reduction coaching” deliberately maximisdwetavailable ERP data and
ensured that almost all trials were acceptablamalysis.

Data from all participants were screened for adtsfand errors in the
manner described in the previous study, and graaechge ERPs were produced for
all participants with a baseline period of 200msmpto stimulus presentation.
Global field power (GFP) plots were produced anedu® identify two regions of
interest (Region of interest-1 and Region of idef) where GFP plots from all
electrodes converged, rose to a peak, and convegged after the peak had
subsided. For all analyses, the dependent vanatder test was the area under the
curve computed during each Region of intergstX Time). In all presented plots,
the ERP baseline is present at 1000-1200ms.
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Figure 1 illustrates the GFP plot for all condionAlthough in this instance the
GFP plot itself resembles a grand average ERFGHEI plot should not be mistaken

as such.
Figure 1 :
Global Field Power Plot of All Conditions
35
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Region of interest-1 was defined as the area spgid3106-1376ms

Region of interest-2 was defined as the area spgidi76-1696ms

Grand average ERPs are presented for all fourremestal conditions in
figures 2, 3, 4 and 5. Inspection of the wavefosimsws that the main differences in
morphology between the face-masked and non-fackedadimuli were present in
the region beginning at approximately 1500ms. Bwppy and sad face stimuli
masked by another fasthiowed a relatively flat region whose amplitudielsnibt
exceed V. For stimuli masked by the non-face imalgewever, a more prominent

peak was present at approximately 1560ms. Theasiriietween the masking

techniques is illustrated in figure 6.
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Figure 2: Grand average for Happy stimuli with facasks.
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Figure 3: Grand average for Happy stimuli with rfaoe masks.
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Figure 4: Grand average for Sad stimuli with facesks.
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Figure 5: Grand average for Sad stimuli with nocefanasks.

Sad face stimuli + Non-face masks

[HEN

N B OO 0 O

= uV

00 1100-22
-4 - '

Time (ms)

The waveform generated by this task again correfgubto a prototypical face-
recognition waveform with a prominent P3 complermoeencing at approximately

1500ms. Differences between the face-masked amdaoe-masked waveforms
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were visually apparent, where the non-face-masteuis show a pronounced
single peak at 1560ms, then a drop in voltage camsing at approximately 1580ms.
In contrast, the face-masked stimuli showed a ledramplitude P300 with
bifurcated peak, and did not show a voltage drajpenP300 region until
approximately 100ms later, at approximately 1680@a16s. As with the previous

study, the parietal electrode sites consistenthygu the largest amplitudes.

A comparison plot of all conditions at the P3 ssterovided in figure 6 to illustrate

the visual difference in waveforms.

Figure 6: All conditions plotted at P3 electrode site.
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The “plateau” region which contrasts the use oéfacd non-face masks is visually

apparent in figure 6, spanning approximately 15A760ms.

The data was analysed by ANOVA, using Stimulype (happy and sad) x
Masking type (face and non-face) x Rostral-Occigitas Position
(F3 and F4 for frontal, C3 and C4 for central, &&and P4 for parietal sites), x
Hemisphere (F3, C3, and P3 for left hemisphere(4and P4 for right hemisphere)
x Gender in a 2x2x3x2x2 design. Analyses for Regibinterest-1 and Region of
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interest-2 were conducted separately, using ardaruhe curveyV x Time) as the
dependent variable. Due to the smaller populatipe of this study (N=10), partial-
etd (%) effect sizes were calculated for this study, a &s k; (O feonras) Values
for post-hoc comparisons. The small scale of tlesqmt study also made a
comprehensive amplitude analysis feasible, focusingffects of mask type,

emotional valency, and hemispheric lateralisation.

AUC Results for Region of interest-1

Two main effects were present in the early regibimterest :
® A main effect of Rostral-Occipital Axis Position(Z16) = 5.399,
p<0.016.
Post-hoc comparisons (chart 1) showed that paeétatrode sites displayed
larger AUC than either frontal or central sitedhisTis consistent with the
waveform effects noticed in the previous ERP stueyeform amplitude rose

from the front to rear of the scalp, peaking atgheetal regions.

Chart 1 : Post-hoc comparisons for rostral-ocdlikds position

Comparison t d.f. Sig.| cdnrast | MeanuV x Time

Frontal vs. Parietal |-2.537 | 9 .032|0.646 |-35.828 vs. 158.085

Central vs. Parietal | -2.502 | 9 .034 | 0.640 59.174 vs. 158.085

(ii) An interaction of Emotion x Rostral-Occipitalkis Position: F(2,16) = 8.247,
p<0.003. Post-hoc comparisons of Happy vs. Sadustivithin the frontal, central
and parietal electrode sites revealed no furthgrifscant effects.

Effect sizes{?) for results (i) and (i) were moderate to largeQ #03 and 0.508
respectively. The strict lack of a main effecsbmulus emotional valency here
(F(1,8) = 0.077, p=N.S.) was reflected in the srafféct size 0f?>=0.10.

AUC Results for Reqion of interest-2.

Again, two main effects were present in the eaglyion of interest :
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(i) A main effect of Rostral-Occipital Axis PositipF(2,16) = 25.005, p<0.0001.
Again, shown in Chart 2, amplitudes and area utftecurve peaked at the rear

of the scalp.

Chart 2: Post-hoc comparisons for rostral-occipital gasition.

Comparison t d.f| Sig. cdnrast | MeanuV x Time

Frontal vs. Central |-3.828 | 9 0.004 |0.787 |-477.188 vs. 360.936
Frontal vs. Parietal | -4.833 | 9 0.001 | 0849 |-477.188vs. 968.618
Central vs. Parietal | -5.517 | 9 0.0001 | 0.878 | 360.936 vs. 968.618

(i) A marginal main effect of Mask Type : F(1,8/4.971, p<0.056.

As a primary reason for conducting this study, afigct related to stimulus
masking was examined fully. A comparison of atlfaand non-face masked
stimuli showed that face-masked trials evoked gahelarger areas under the
curve than non-face masked trials (385.188 Time vs. 183.1271V x Time).
However, despite a moderate main effect siZe 0.383), and a large effect of
the paired contrast{hiras= 0.572), this difference was not statistically
significant (t(9) = -1.864, p = N.S.).

Amplitude Analyses

In addition to AUC measures, a conventional meapléude analysis of
both regions of interest was also conducted usiaggame 5-way ANOVA model.
The results generated were identical to thoseeoAlHC measures; principal
findings comprised the same main effects of Rosicalpital axis position (F(2,16)
= 6.651, p<0.014), and an interaction of emotionstral-occipital axis position
(F(2,16) = 8.255, p< 0.003) in region 1.

In region of interest-2, again, a marginal maie&tfof mask type (F(1,8) =
5.016, p <0.055), and a main effect of Rostraloitai axis position (F(2, 16) =
24.88, p<0.0001) were repeated. As these effeets wdentical in overall
impression to those in the original analyses, texe no point in pursuing them
farther. The mean amplitude analyses showed omnemarginal effect of mask type
x gender (F(1,8) = 4.873, p<0.058), but this resal$ not significant by the standard
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criteria, and the implications of the marginal meffect of mask type in the AUC
analyses provide adequate justification for thénmyming methodological

considerations.

Discussion

Although not intended to be a purely investigasuady, analyses of the data
were not limited only to examination of the maskeftgcts. With the primary
difference in the methodology between the presedimevious studies being a
constant SOA of 80ms, instead of multiple duratjdhe data could still be examined
for effects of emotional valency. Importantly astaviously, the face-recognition /
P300 complex was present again here, lending fakidiy to the methods and
results from the previous study — the original waka from the previous study can
be replicated with a high level of concordance ssigtudies, whether or not an
inspection time methodology was applied with a Enstimulus set.

Within the data, face-masked stimuli evoked gdhelarger areas under the
curve than non-face masked stimuli, and this phexmam could be interpreted as
confounding future examinations of emotional efeéiffectively, some differences
in the waveforms (e.g. at least at the level ofi@isnspection) could be attributed to
the manner in which the stimuli were masked, rathan the emotional nature of the
stimuli. Statistical findings within the AUC dateere relatively few, with only four
effects emerging from a comprehensive initial asialpf variance. Of primary
interest in the present study is the marginal étbéface masking in region of
interest-2, where face-masked stimuli evoked laAd¢€ values than with the
alternative mask type. Although the sample sizéhé present study was small, it is
possible that a larger N would elevate this phemameo statistical significance.
However, the possibility of apparent motion effemtsurring should be reduced in
the next study through continued use of the noe-faask. Effects among the rest of
the dataset were intriguing. With participant emnates of less than 6%, and clearly
modulated grand average ERPs generated as a thsudtwas a surprising lack of
statistical variation arising from the emotionalerecy of stimuli. Hemispheric
effects also failed to achieve statistical sigmifice, despite some prior evidence of a

right-hemisphere bias in the detection of negdtetal expressions (Jansari, Tranel
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and Adolphs, 2001). Because participants accomguishe task with a consistently
very high degree of success at the behavioural,lgve curious that the grand
average ERPs varied so little; here, participdm$iavioural success was not
mirrored by detectable differences in brain elgatysiology. The mean amplitude
analyses, although adding no other effects to tH€ Anethods, didtrongly mirror
the findings from the AUC measures, and therefereesl as a useful validation of
the AUC measure when compared with the standardd&mRRsis techniques.
Although amplitude analysis is common practise RPBEvork, in this case, it did not
provide any new information beyond that alreadyspn¢ in the AUC analyses.

In summary, the use of different backward mask&utniques did not
radically alter the grand average waveform, antilssizal effects were limited, but
illustrative of a potential trend in larger scaledses. A main effect of mask type
was not present at a significance level under @=®&0d no further unequivocal
results emerged — possibly a result of the redseetple size in this study, although
effect size estimates were nonetheless adequatben areas. Although the grand
average ERPs still resembled typical face-recagmitvaveforms (i.e. featuring
P100, N170 and P300 deflections), fewer strictiyosptual confounds are likely to
be present in future experimentation when non-faasks are used, despite slight
visual differences in the grand average waveforms.

Additionally, at the behavioural and statisticatél, the expected

relationships between IT and IQ were maintaineithéprevious studiyrespective

of the possibility of apparent motion effects whesing neutral face masks, and
could be interpreted as showing an absence ofpparant motion phenomenon (or
the use of a participant group who probably didmaitce or use any apparent
motion present). If apparent motion had been #uadntial factor in participants’
performance, the inverse IT-1Q relationship shdwdgle been severely weakened or
eradicated given the sample size, according torfgedfrom Mackenzie and
Bingham (1986). As this was not the case, thetiegisnethodology is not likely to
show farther confounds through the use of non-faasks in future studies. Finally,
and importantly, the morphology of the grand avera®Ps was maintained and
reproduced within this study despite some changéset stimulus presentation
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methods; the absence of varying SOAs still resufigtie evocation of an ERP

showing discernible cognitive components.

145



CHAPTER 8

Study 4
Multiple-Choice Variants of the Emotional- and Centional- |.T. Tasks

Findings from the Emotional Face-IT Task.

Introduction

The final experiment in this series is a key studgorporating all
methodological changes to date, and will collestuch larger data-set, comprising
psychometrics and ERPs (from 3 separate EEG atiqus)i from N=50. This study
will be analysed in two sections for easier compresiion.
-Section 1 will describe the experimental desigd enrethods, then present and
discuss results for ERP and psychometric findimgeMmotional effects.
-Section 2 will present results and discussionRPENd psychometric findings for
IQ effects.

The first ERP study allowed a general test of tegyam and SOA timings,
as well as an early collection of emotional-rectignidata. ERP study 2 examined
the effects of stimulus masking upon ERPs. Hawgiimed the methodology, the
present study aimed to collect data from two blawkimce-IT tasks, separated by a
modified four-choice line-IT task. In all 3 ERPk& in the present study, a choice of
four responses would be presented to participasisg an expanded electrode
montage with the addition of Cz, O1 and O2. Usimge ERP tasks, it would be

possible to :

® Collect ERPs on two additional emotional expressi@mnger and
disgust) from two separate four-choice experimetaishs.

(i) Examine ERPs from these two face-IT tasks for semeplicability of
the waveform and internal consistency, and for lgirities to the
waveform obtained in ERP studies 1 and 2.

(i)  Examine data from a 4-choice, line-IT task for pinesence of
expected IT-related psychometric and electrophggioél

phenomena, for comparison with data from both facesks.
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The increase in the number of stimulus categormsldvserve both to
slightly increase the general difficulty of thekathereby better focusing
participants’ efforts, and emphasise differentiRFEresponses beyond the two-
choice methods employed so far. In ERP study gpyhéace stimuli evoked larger
deflections than neutral face stimuli, while ER&dst2’s small participant
population was likely to have been insufficienttect emotional effects. By
increasing both the participant sample over th&R#® study 2 and the number of
stimulus categories over both studies 1 and 2, r@ isensitive comparison of
emotional recognition responses would be possiloleontrast to the previous
studies, neutral facial expressions were not umed the emphasis was placed upon
four of the six basic emotional expressions — andjsgust, sadness and happiness.
It was expected that ERPs in response to all fmot®nal categories should
generate statistically discernible differences agnalhcategories, thereby
segregating their recognition through electrophysgjical responses.

Practical and theoretical comparisons of the pteseries of studies were
problematic. Relatively low-level analyses of td@motional expression in ERP
methodologies remain surprisingly uncommon in ttegdture. Typically, ERP
responses to emotional facial expressions arexerhined for any characteristic
phenomena related to the recognition or conveyaheenotional states. Rather,
emotional faces are much more commonly used asaasyad manipulating attention
during another task; e.g. identifying other objentsong emotional faces (Batty and
Taylor 2003). Palermo and Rhodes (2007) listeg2&hophysiological
investigations of faces since 1999. Of these, ¥8lgsalp ERP, but only one of the
13 featured emotional identification as the primiask (Streit et al. 2000) — or, so
say Palermo and Rhodes. Streit et al.’s partitgoanere required to identify
emotional faces from the Eckman set, and a priroanyparison involved the
identification of emotions from heavily blurred hamfaces, although the
phenomena of the identification itself was not eagibed . Streit et al. did not
report the presence of any effects in the ERP&hr behavioural data) specific to
the displayed emotions themselves, and overajt&ir al.’s primary finding was
that ERPs in response to normal emotional faces-harred) versus blurred human

faces resulted in differential ERP amplitudes atbR#0ms post-stimulus. Face-

147



processing tasks are otherwise considered to agcte rapidly, within 80ms after
stimulus presentation (Palermo and Rhodes 2007).

Other studies in the area of emotional face re¢mgnshow similar general
aims. The use, especially of fearful faces, an#tinal manipulators within tasks
are common, being noted as the “key” comparataine of Palermo and Rhodes’
28 listed studies, and, seven of the 13 scalp ERRes. It is later suggested by
Palermo and Rhodes (2007) that attending to fetatigl expressions “may be
completely mandatory under low attentional loaddibons”, and is a feature of the
involvement of the amygdala. As such, the emphasithe use of fearful
expressions in contemporary experimentation magla¢ed much more to the
enhanced likelihood of obtaining some statisti¢gdats for comparison with other
conditions (i.e. since fearful faces naturally dattention very rapidly), rathéhan a
strict interest in the ERP phenomena associatddfade processing in general. An
incidental, but profound consequence of this emglasfearful expressions is that
there is relatively little to be learned of the geption of other expressigrexcept

that in comparison to fearful faces, other expmssapparently evoke neither
consistent reactions, nor much theoretical interest

As a consequence of the emphasis on fearful facesthe use of emotions as
e.g. manipulators of attention, general informabeyond the presence of the N170
in facial ERP responses has been examined in ansistent manner, and is
confounded among various additional task demaraisptaying or identifying faces
is frequently a means to a different end, rathan th main goal itself. Guntekin and
Basar (2007) similarly noted that diversity in thethods and results used to
examine “emotional processing in the human brai@jdently generates varied
results, leading a lack of common focus in thitdfigf experimentation.
Anecdotally, fear as a facial expression is mdeelyi to be a relatively uncommon
emotional expression for individuals to witnessnast real-world, everyday events,
and the use of the more commonly seen expressfargger, disgust, sadness and
happiness may lend a more natural element to #ks ia the present study.

The use of two face-IT tasks, each featuring dé#féistimuli, should
determine the replicability of findings betweendks. By placing a line-IT task

between the face-IT tasks, three purposes woukkhed. Firstly, the four-choice
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line-IT task is more similar to standard two-choi€dgasks from past literature than
the current face-IT tasks, and would permit newghanalyses confirming (or not)
the presence of IT-1Q psychometric correlationsesem in prior IT studies.
Secondly, the 4-line IT task would serve as a bigtédistractor” when placed
between the two face-IT tasks, re-directing pgrtiots’ attention to a task that is
broadly similar in intent, but different in practiérom the demands of the face-IT
tasks. In this way, the present study should lbe tabvalidate the face-IT methods
by attempting to replicate results from each taghiwthe same experimental
session. Finally, line-IT tasks with four stimukelements (i.e. 4 lines instead of 2)
are uncommon and relatively novel, and should aflirmation to the existing
psychometric associations found in two-line IT ssdo date.

The standard line-IT task has been the subjectasfyrbehavioural studies,
but relatively few electrophysiological investigats, with perhaps only four ERP
key studies. The most notable ERP finding assediaith the line-IT task is Zhang
et al.’s short P20((1989) — a measure related to the gradient ofisiegyrslope of
the P200, or, the shift from the N150 to P200 conemd. The time-course of the
P20G was positively correlated with participants’ IQresult verified by Caryl
(1994) and Morris and Alcorn (1995). However, igsie of brain
electrophysiological differences and their relasioip to intellectual functioning is
highly complex, from which very limited theoreticanclusions can, and have been
drawn. Zhang et al.’s short P208 one such ERP correlate associated with higher
IQ, while McGarry-Roberts et al. (1992) found tFP&00 amplitude was negatively
associated with IQ as a trend — two quite diffedeyendent measures, and with
similarly different implications. Shagass et 4981), in a study comparing a
psychiatric patient sample with healthy contromauded that the contribution of
IQ to effects within evoked potentials was “demaaisie only by comparing extreme
groups” and that “even then the magnitude of theces is generally not large” (to
facilitate these comparisons, Shagass and Josssissta precedent by removing
individuals with middling IQ scores from their difiutions in some analyses,
examining only those individuals with relativelyghior low IQ scores). ERP
component latency has been intensively studiedgome 21 studies between 1965
and 1997 including Shagass et al. 1981), but fgslimere have not been easily
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replicable, nor pointed to definitive conclusiorigtee relationship between
component onset and intellectual functioning.

Deary (2000) summarised evidence that latencidgmthe nervous system
are related to intelligence, stating that thertemgative evidence that “....“smarter”
people’s brains apparently do run faster....”, altffoDeary admits that this
conclusion is difficult to sustain across differéadk methodologies, with e.g. ERP
latency being difficult to directly relate to theeyall, global functioning of the
human nervous system. The general, and intuiti@ppealing notion that
intelligence is in some way related to a simplydagorm of cognitive activity has
been expounded since thé"@ntury by Francis Galton (1883), and more regentl
and experimentally by Reed et al (2004) with nexmeduction velocity studies
(NCV). Similarly to Shagass et al.’s conclusionBeed et al.’s NCV work,
although yielding positive results, showed reldiveodest correlations between
NCV itself and 1Q. Although therefore likely tofinence some aspect of human
intellect, NCV alone is seemingly only one of pbgsmany unknown or un-
measured contributors to an individual’s intellettabilities. Nettelbeck (2001)
stated a similar opinion to Deary, in that he haslong been skeptical about
attempts to reduce intelligence to nothing more time@ntal speed as measured by
IT.”. Although Nettelbeck’s comment is somewhalgpised in its implications, the
reliability with which the IT-1Q correlation can seproduced does cast doubt on
Mackenzie and Bingham’s (1985) suggestion thatTh€) relationship may reflect
only by a single ability of enhanced “mental speelf'the IT-1Q relationship is due
to such an ability, then this mental speed abiditgerhaps either distributed in the
same manner as IQ itself (i.e. normally across lage populations), or, mental
speed is a reliable correlate of enhanced IQ imatat is not yet fully understood.
In short, after some 42 years, the evidence fraariety of studies on the matter of
biological correlates or causal factors in humamd@ains equivocal and not easily
replicated : no single enquiry or series of stutti@s shown a definitive and clearly
interpretable explanation.

In the present study, analyses are expected tarootife presence of existing
psychometric relationships from line-IT tasks.Hosald be noted in the present study

that the 4-line IT task employed here is not ineldids a primary means to an
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experimental goal; instead, it is intended to baddhitional way of verifying the
success of the IT procedure through the use dh#wely standard IT methodology,
and for simple comparisons with face-IT waveformd psychometric associations.
In ERP study 1, negative correlations were presetween AH5 section 2 scores
and inspection times, and positive correlationsvben inspection times and Schutte
Inventory (SREIT) total scores. Itis thereforgpested that similar patterns of
correlations should emerge in the present studydsst both face- and line-IT if the

SREIT's effectiveness is to be validated.
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Methods

Participants

Fifty participants were recruited; 13 males (mege a 22.46 years, s.d. =
4.27 years) and 37 females (mean age = 20.89 ydrs; 2.53 years). Participants
were recruited via notices and e-mails across usityedepartments, and were
mainly students. The recruitment criteria weresggsion of unremarkable physical
and psychological health, and English as a firsgjleage. Participants were required
to attend the session with clean hair washed eiliarday or the previous evening,

and free of any hair-care products. All voluntegese paid £7.

Materials

Participants were tested using the National Adekiding Test (NART,
Nelson and Willison, 1991), the Schutte Self-Reprorentory for emotional
intelligence (SREIT, Schutte et al. 1998), andlBaetem short version of Raven’s
Advanced Progressive Matrices (hereafter Short ARNhur & Day 1994).

Three computer based inspection time tasks weréogegh Two emotional
IT tasks used two different male, and two differiembale faces displaying four
emotional expressions (happiness, sadness, angielisgust). The images were
drawn from Eckman and Friesen’s Pictures of Fa&dfdct (1976). The images of
one male and one female were used in each tasth dEaulus item was a gray-
scale image 350 x 275 pixels high (11.5cm x 8cu)fending a visual angle of 9
degrees at 70cm distance from the screen. EaeHTaask used 192 stimulus
presentations; 96 images of the male face, andh@§es of the female face. The
facial expressions were displayed 6 times at 8gmtasion durations -

20, 30, 40, 50, 60, 80, 100, and 120ms

- for a total of 24 happy, 24 sad, 24 fearful adddisgusted expressions
shown for each male and female face (i.e. 24 tridlexpressions * 2 genders = 192
trials). Stimuli were presented using a 100Hz GRAnitor, maximising the

accuracy of SOAs. The order of stimuli was randsadj and all participants were

152



shown the same sequence. The face stimuli werediately masked after
presentation by the same non-face image used ipréwsous study — a highly

garbled and visually complex image of a face natsa as a stimulus item, but
featuring the same colour palette as the othewustisfaces, and unrecognisable as a

human face. The non-face mask stimulus is provimzow :

The third IT task was similar in structure, anddiagd-choice variant of the

standard IT paradigm employing geometric figures.

The 4-line IT task stimuli are provided below (thats visible in the corners
of the image assisted in aligning the stimuli oresa, and were otherwise irrelevant
to the task) :

1 Line 2 Lines 3 Lme 4 Lines

o
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The 4-Line IT stimuli were backward-masked using fitllowing image ::

o c

In the 4-line IT paradigm, each geometric stimwias presented 5 times at
10 durations —
10, 20, 30, 40, 50, 60, 70, 80, 100 and 120ms

Each of the 4 stimuli were therefore presentetr8s for a total of 200
trials (i.e. 5 presentations * 10 durations * 4qua stimuli = 200 trials).

EEG Procedures

EEG was recorded using a Neuromedical Supplieg-tdrannel Quik-Cap
sintered electrode cap and a NuAmp 7181 40-chammplifier. EEG activity was
monitored at F3, F4, Cz, C3, C4, P3, P4, O1 and ®Zed and subtracted mastoid
reference sites A1 and A2 were used, and a forelmsachted ground. Vertical EOG
was recorded using the FP1 site, and an additelaatrode beneath the left eye. All
sites were prepared using QuikGel, and impedanees maintained below
10KOhms. EEG was recorded at 500Hz, and filteretire between 0.1 and 30Hz.
Artefacts were removed off-line. Where a deflectom the EOG trace exceeded +/-
50uV, that trial was removed from subsequent averagDgring the recordings, the
previously established sequence of events waslyangehanged from those in

previous studies :
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Trial begins.

Acquisition triggered.

Baseline period began (100ms)
Triggering reset in software.

Baseline continued (100ms)

Asterisk fixation point displayed (300ms)
Gap — 700ms

Stimulus presented (One of 8 durations from 2020ms.)

© © N o g b~ W DhPRE

Stimulus mask displayed (720ms)
10. EEG recording ended.

11. “Respond Now” prompt displayed.
12. Stimulus triggering reset.

13. Subject’s response triggers next trial.

Each recording epoch lasted 2040ms, with only timeutus duration varying across

trials.

Procedure

Participants were fitted with the EEG cap beforg atfver procedures, and
the purpose of the electrodes and fitting proceslurere explained. Participants then
completed the SREIT and NART tests, after whichBE& recordings began. Eight
practise trials (with SOAs of 95, 55, 35 and 25msje shown to illustrate the
response procedures, the electrophysiological sfffanoving and blinking were
demonstrated to participants before beginning,thadmportance of remaining
motionless during the recording epochs was empé@siBarticipants were tested
firstly with a block of face stimuli, followed byé standard 4-line IT task, and
concluded with the second block of face stimulhen-screen instructions to the

participants were :
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“When the experiment starts you will see an adtanighe centre of the screen.
Look directly at the asterisk.
Next, a human face will be displayed briefly.
The first face will be covered up by a differentige, then you will be asked to
respond.
If the FIRST face you saw was ANGRY, press 1
If the FIRST face you saw was HAPPY, press 2
If the FIRST face you saw was SAD, press 3
If the FIRST face you saw was DISGUSTED, press 4
You should aim to be accurate rather than quickake as much time as you need to
decide.
If you are not sure, guess.
There will NOT be any feedback during these trials.

Press spacebar to continue.”

After each trial, the participant was prompteddspond with the following text:

“If the FIRST face you saw was ANGRY, press 1
If the FIRST face you saw was HAPPY, press 2
If the FIRST face you saw was SAD, press 3
If the FIRST face you saw was DISGUSTED, press 4”

During the initial few trials, the experimenter exaed the participant’s pattern of
blinking, and where necessary, advised them if thienks were present during the
recording epochs. Rest breaks lasting 10 secords given every 32 trials, and
after each stimulus presentation, the next triad m@ttriggered until the participant
had responded. In this way, participants set their pace, minimising the presence

of electrophysiological artefacts.
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Following the first block of faces, a similar procee was employed for the
geometric line stimulus task, including exemplaignsli and on-screen instructions.
“When the experiment starts you will see a cue
(shown next) in the centre of the screen...
Then, one of the following
four line displays will be displayed briefly,
followed by a mask.
The line display will be covered up by the maslogh next)
When the mask goes off you will respond on the kayd,
identifying the position of the line.
Response: Press the key corresponding positidmedbhger line
Left=1, 2, 3, 4 = Right

Be accurate rather than quick - take as much tsnga need to decide.
If you are not sure, guess. There will NOT be fe®gback during these

trials.”

For all ERP tasks, the recording epoch began addcdeprior to the subjects’
behavioural response. Rest breaks for the geami&ttask were provided after
every 40 stimuli. At the end of the geometric {ablke subject was offered some de-
caffeinated tea, coffee, or water and given a long&t-break. After this, the second
block of face E-IT stimuli was conducted, with idieal instructions to those of the
first block.

Throughout all of the EEG tasks, the experimeségisilently behind the

participant.
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Results

Behavioural and Psychometric Findings

Data from three male and one female participanewemoved from both the
psychometric and EEG data sets owing to excesshuglyinspection times
exceeding 1.5 standard deviations from the meaucreg the overall data set to 46
participants. In the following section, only theféects pertaining to emotion will
be examined and discussed. The subsequent chalptexamine effects and
discussion related to IQ. Tables 6 and 7 in teiisn involve an un-avoidable

cross-over of these topics in analysing links betwk) and EIl scores.

Table 1 : Descriptive statistics for correct resgEsito emotional

faces.

Block 1 S.D. Block 2 S.D.
Angry 37.59 5.96 30.39 9.6
Disgust 30.89 7.95 31.56 7.04
Happy 46.83 1.52 44.65 2.68
Sad 41.04 4.29 44.02 3.88¢

Post-hoc tests showed that 10 of 12 comparisonaineah highly significant

after Bonferroni correction.

Table 2 : Post-hoc tests for correct responses.

Block 1 T(d.f.=45) Sig. | contrast
Angry vs. Disgust 5.54 0.001 0.64
Angry vs. Happy -11.01 0.001 0.85
Angry vs. Sad -3.89 0.001 0.50
Disgust vs. Happy -14.26 0.001 0.90
Disgust vs. Sad -8.32 0.001 0.78
Happy vs. Sad 8.76 0.001 0.79

Block 2 :

Angry vs. Disgust -0.87 N.S. 0.13
Angry vs. Happy -10.50 0.001 0.84
Angry vs. Sad -9.58 0.001 0.82
Disgust vs. Happy -12.38 0.001 0.88
Disgust vs. Sad -13.48 0.001 0.90
Happy vs. Sad 1.25 N.S. 0.18
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There were significant differences in the respaases across almost all
comparisons, but participants appeared able to mediedly correct responses across
all stimulus types. Disgust was consistentlyrtieest difficult expression to discern.
The discriminations between anger and disgusthapg@iness and sadness became
more problematic in block 2. Participant fatigaesuspected to have been influential
in the second face-IT task; scores in several dasnaere noticeably lowered in
comparison to block 1.

Figure 1 : Plot of correct responses per stimuaisgory for face-IT

tasks.

Mean Correct Responses per Emotional Stimulus

50

A

40

o
(]
IS —o—Block 1
LC) ——Block 2
© 35
=

30

25

Angry Disgust Sad Happy
Emotion

Although strong behavioural effects are impliediy large number of
strongly significant differences across stimulusssks, anger and disgust were more
difficult for participants to identify, mainly irhe second block of the face-IT task.
Participants did not appear to show practise effecidentifying happy or angry

faces between blocks, whose identification scoeesahsed during block 2.
These results were examined for gender effecth, avelingle effect being present.

Total correct responses to “happy” face stimuBiack 2 showed thanales made

significantly fewer correct responses (mean = 43)Icorrect) than did females
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(mean = 45.08) £(1,44) = 4.32, p<0.04. This finding could be ipreted as
congruent with the previous SREIT descriptive dedagre females tended to show
higher overall scores for EI. However, gendertieglgphenomena were not
consistently present throughout the data set asodewand the actual difference

between mean scores is very low.

Descriptive data are provided for the SREIT emdalontelligence inventory
in table two. After exclusion of only 4 particigarwho failed to achieve valid
inspection times, only 10 male participants remaimethe sample. Descriptives are
presented in Table 3 for these remaining 10 matiécpzants, 10 randomly-selected
female participants as a comparator for the maleésf the females collectively, and
overall descriptives for N=46. Petrides and Fumisa2000) analysis was again
used to derive 4 factors (Mood regulation, Appraid@&motions, Social skills, and

Utilisation of emotions.).

Table 2. Descriptive statistics for SREIT scord &actors.

10 s-. J10 S JAI Sl N=46 [ S.-|. Reliability
Male.s Range Fem.ales Range Fem.ales, Range | Median Range *
Median Median median
Mood 50.0 | 4.75 54.5 6.7 53.0 9.1 51/5 9.25 0.74
Regulation
_ 335 | 475] 345| 824 340 54 340 5.0 0.76
Appraisal
Social 48.5 7.0 50.5 6.0 50 7.7% 50.0 8.( 0.71
Skills
I 225 | 7.75 23.5 4.21 23.5 4.( 230 4.25 0.76
Utilisation
120.5| 11.50 130.5 17| 127.5 22.3924.0 20.5 0.86
Total El
*Cronbach’s Alpha

Generally, females scored more highly on all measthian did males, either as an
entire group of 36, or a comparative sub-group®f (Reliability coefficients were

computed using N=46.).
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Data from the SREIT scale was examined by Friediasin When
comparing genders using N=46, or the N=20 sampldahales and 10 females, no
significant differences in the above SREIT measwe® evident. No overall

gender differences were prevalent among this data.

Inspection Time and EIl Correlations

As very few statistically significant gender diféerices were present,

correlations with inspection time were performethgN=46.

Table 4 : Correlations : IT(ms) with El.

Utilisation of Emotions
IT Faces Block 2 Rho 0.31
P 0.03
IT 4-Line Rho 0.31
P 0.03

Block 1 of the face-IT task showed no significaotrelationswith any of the El

factors. Only a single El factor, utilisation ahetions, showed any correlation with
inspection time. As IT values rose for faces blaand the 4-line task, so did

participants’ scores on the Utilisation of emotfantor of the SREIT.

Table 5 : Correlations : IT (total correct) with. El

Utilisation of Emotions
TotalHitl | Rho -0.31
p 0.03
TotalHit2 | Rho -0.35
p 0.02

The pattern of correlations among IT and El factdranged with the use of total
correct responses. Now, block 1 of the face-B%k$ was significantly associated
with EIl, while the 4-line I.T. task was not. Inrgeal, phenomena related to the EI

sub-scales and total scores were quite inconsistent

161



Table 6 : Correlations : IQ measures and El.

Short
APM NART NART
ii Errors FIQ
Mood
Regulation| Rho| 0.337
p | 0.022
Appraisal | Rho
p
Soc. Skill | Rho
p
Utilise Rho -0.279 0.281
p 0.060 0.059

Only one El measure, Mood regulation, showed asga@ation with the 1Q
measures employed (rho = 0.337, p<0.022), i.ehast &3PM scores rose, so does
the individual’'s propensity to “regulate” long-teemotional states. As the Short
APM relies heavily on participants’ problem-solviafilities to create solutions, and
Mood regulation as a self-reported trait implies ifmposition of a mental state upon
oneself, this correlation is logical.

The second factor from the SREIT, Utilisation ofation, showed two small
correlations which did not achieve significancehe3e associations were with the
NART sub-scale measures, which have previously shuwother correlations with
the IQ and IT measures. Utilisation of emotionybweer, would appear to be
another “active” or fluid cognitive process whigyuires positive responses to such
guestions as “I present myself in a way that makgsod impression on others” and
“When my mood changes, | am able to come up with ideas.” — i.e. it is not a
wholly passive process for the individual, withitsssuch as self-presentation to
others requiring deliberate activity and effortn ldividual’s Utilisation of emotion
implies similar processes to Mood regulation as, in that some cognitive effort
is required to evoke these traits and their contammhbehavioural manifestations.
The NART, however, is a predominantly “crystallisettelligence measure based
upon participant vocabulary, and which relies higaa pre-existing knowledge
rather than more active, spontaneously creativeitog.
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Table 7 : Subset of 30 hi- and low-APM scorers;ue-of original

correlations, 1Q and EI measures.

Short NART NART NART NART
APM i Errors FIQ VIQ PIQ
Mood
Regulation rho 0.41
p 0.01
Social Skills rho 0.38
p 0.02
Utilisation rho -0.40 0.40 0.4d 0.39
p 0.01 0.01 0.01 0.02
Total El rho 0.31
p 0.05

Significant correlation effects were present prihgdyetween Utilisation of
emotions and NART scores. However, the signifiedeeels were higher when
using N=30. This slightly smaller and more intelielly diverse population (as
reflected by APM scores) showed significant cotrefes between APM section (ii)
scores and all El factors except Utilisation of B The lack of association
between Utilisation of emotion and APM scores igiaginusual. The APM is very
much a test of problem-solving cognition, yet tharteasure which would be most
expected to be associated with the applicatiouad tognitive ability (i.e.
Utilisation of Emotions) was nattatistically associated with APM scores.
Additionally, the significant correlations betwetilisation of Emotions and NART
scores were reproduced with the smaller sample Sihese results, however, are
generally not in accordance with Brand and Dea®8®), who noted that the IT
effect is “less strong” when participants are pesed of normal or high-normal 1Q,
and stimuli are “comparatively complex” — i.e. weyar other stimuli beyond
geometric line types. They do, however, indicatd tonventional intelligence is

able to affect SREIT scores.
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ERP Analyses
Some technical difficulties were manifest when agarg the EEG data. In all cases,

the ERP grand averages exclude the single femdl8 amale participants previously
excluded from the psychometric data who faileddioieve satisfactory inspection
times. A further 6 participants were excluded tlumissing data from electrode
channels which could not be averaged due to otiterference. In all, 40
participants possessed complete data from allreldetchannels, and were the basis

for the initial analyses of the ERP data.

Grand Average ERPs
Figures 2 — 19 on the following pages provide granerage ERP charts for

all conditions at each electrode site.

Grand Average ERPs for Face data.

The grand average ERPs from all sites again sholigtidctive and
prototypical face-recognition complexes, includirejghtened activity in the N170-
N200 region associated with the recognition ofgresence of facial stimuli (Bentin
et al. 1996, Puce et al. 1999). The waveformbemptresent study showed increasing
amplitude related to scalp location, with the hgfremplitudes present at the rear of
the skull (the P3 and P4 sites), again as expdiedP300 phenomenology, as well
as the associated N1 and P1 deflections (Fabiaattdd and Coles, 2000). The O1
and O2 sites showed very prominent early deflestias would be expected from a
task using visual stimuli. The occipital cortexpapently responded most quickly to
the detection of visual information, with subseduesk-related cognitive acts likely
based on discriminatory processes carried out timerperceptual information.
Despite the differences in behavioural respon®&sridustrated in tables 2, 3, and
figure 5 previously, the waveforms across all catesg show a high level of visual
concordance. Where present, differences are nsamifest obviously in amplitude

variations.

164



Figure 2 : Grand ERP at F3, Faces Block 1
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Figure 3: Grand ERP at F4, Faces Block 1
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Although the general morphology of the P3 comptegresent at the frontal sites,
the amplitude of the N170 region was exaggeratéilewhe amplitude of the
subsequent P300 region was noticeably attenuated.ndteworthy was the
differential amplitude of the waveform for happyaili at 1560ms. On the left of
the scalp, happy and disgust were superimposedke whithe right of the scalp, they
are prominently separated, with disgusted stimwdkeng a larger amplitude.
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Figure 4: Grand ERP at C3, Faces Block 1
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Figure 5. Grand ERP at C4, Faces Block 1
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Figure 6: Grand ERP at Cz, , Faces Block 1
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Sites F3, F4, C3, C4 and Cz showed similar detlestior N1, P1, and the N170
locations. The P3 region, however, became largéreacentral electrode sites.
Slight hemispheric differences were apparent, Wi¢hC3 site showing a pronounced
negative deflection at approximately 1624ms (42pow-stimulus), which was not

mirrored at the C4 site.

Figure 7: Grand ERP at P3, Faces Block 1
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Figure 8: Grand ERP at P4, Faces Block 1
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Parietal sites P3 and P4 showed a heightened PtDB300 response, with the P300
response peaking in amplitude over all other slkadations. Similar to the occipital
sites, the P100 was also prominent at the patwstations.

Figure 9: Grand ERP at O1, Faces Block 1
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Figure 10 Grand ERP at O2, Faces Block 1
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Sites O1 and O2 showed prominent and early P1@@nsgs, most likely due to the
visual nature of the task, occurring approximafé@ms prior to the P100 at other
scalp locations. The N170 component was also premj but at the occipital sites,

remained an entirely positive deflection throughitaipresence.
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Grand Average ERPs for Block 2 Face data.

Block 2 of the face stimuli showed another P3-camplith broadly similar
deflections and patterns of amplitude variatiobltuck 1.
Figure 11: Grand ERP at F3, Faces Block 2
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Figure 12: Grand ERP at F4, Faces Block 2
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Figure 13: Grand ERP at C3, Faces Block 2
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Figure 14: Grand ERP at C4, Faces Block 2
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The waveform at site C4 for “disgusted” face stinshlows a notable deviation from
both previous block 1 waveform shapes, and thenleftisphere C3-site during the
P300 region. At approximately 360ms post-stimullas,waveform fails to achieve

the same amplitude as at the C3 site.
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Figure 15: Grand ERP at Cz, Faces Block 2
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At the Cz site, the pattern of responses for atgi was restored, with the
waveform amplitude for disgust stimuli being no edistinctive than the other

categories in general morphology.

Figure 16: Grand ERP at P3, Faces Block 2
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Figure 17: Grand ERP at P4, Faces Block 2
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P300 Amplitudes at the parietal electrode sitesewerlonger quite so distinctive
during the second face-IT task. Occipital sitesa@d O2 showed comparable

deflections.

Figure 18: Grand ERP at O1, Faces Block 2
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Figure 19: Grand ERP at O2, Faces Block 2
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Unlike the first face-IT task, the P300 region dgrthe second block of face stimuli
showed higher amplitudes at the P100 region aa@®d ,a more pronounced N170
response at O2. The large initial P100 responsestiépresent, and was also
notably earlier at the parietal electrode sites tuay frontal or central locations. The
amplitude of the P3 region remained high, and vea bifurcated around 490ms

post-stimulus.
The grand average ERPs generated in responsehiddoad! E-IT tasks were

again highly consistent in showing a P300-compéaen when separated by the

demands of a different geometric-IT task.
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ERP Analyses — Face-IT

Global field power (GFP) plots were again useddternine regions of interest for

statistical analysis. The GFP plots from each djarerage were plotted

simultaneously, as shown in figure 32.

Figure 20: Global field power plot for region of interest denination.
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Major deflections and components in the grand ayeeveaveforms over time were

extremely consistent across both blocks of facstiffiuli, and all eight face-IT

conditions, with no task showing a gross deviatrom either the P3 complex or the

GFP trends. In this study, four visually appamegfions of interest were extracted

by determination of the start- and end-points of fmajor peaks in the global field

power plot. The pre-IT stimulus baseline periothpased 1000ms to 1200ms,
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immediately after which stimulus onset occurredyjtgaction of 1200 from the stated
values provides the post-stimulus onset time. rélgeons of interest were defined as
follows, and coincide with previously establishesnponent windows (e.g. Smith et
al. (2003) for the P1 region, Bentin et al. (1988)the N170.).

- Region of interest..-1 comprised the period 128@ns352ms.
- Region of interest..-2 comprised the period 1358nk102ms.
- Region of interest..-3 comprised the period 1408n1530ms.
- Region of interest..-4 comprised the period 153@s702ms.

Results

An initial 5- way ANOVA was conducted upon eachdiasing the design
Emotion (4) x Rostral-Occipital Axis Position (4Hemisphere (2) x Region of
Interest (4) x Gender for each block of face prestens using area under the curve.
An individual repeated-measures ANOVA was alsogrened on each block of face
stimuli using mean amplitude over each region tdrgst at the Cz electrode site. At
the Cz site only, data from two additional partasips was available for block 2 of
the face-stimuli, resulting in N=40 for block 1,daN=42 in block 2.

The term “Rostral-Occipital Axis Position” refexs four locations on the
scalp subsuming nine electrode locations - FrqRtaland F4), Central (C3, C4 and
Cz), Parietal (P3 and P4) and Occipital (O1 and O2)

Due to the cumbersome nature of and difficultiesoemted with the interpretation of

interaction effects of a 5-way analysis, only meiifects (where present), and limited

interaction effects were fully examined.
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Results for Block 1 Faces

1. Rostral-Occipital Axis Positioshowed significant variation (F(3,114) = 56.782,

p<0.0001).

Post-hoc t-tests (after Bonferroni correction véthew alpha level of 0.0083)

showed all comparisons of electrode regions tadp@fcantly different from each

other, except for Parietal vs. Occipital. Tablgr8sents these test values.

Table 8 : Post-hoc tests for electrode locations.

Comparison T (df=39) Sig. Mean Area |V x Time)
Frontal vs. Central -11.511 0.000n -170.245 vs.234
Frontal vs. Parietal -13.045 0.0001 -170.245 v8.03%7

Frontal vs. Occipital -9.622 0.0001 -170.245 v%.248
Central vs. Parietal 10.775 0.0001 141.236 vs.(BE0.
Central vs. Occipital 5.577 0.0001 141.236 vs. 218.
Parietal vs. Occipital -1.215 0.023R 399.097 vs. 446.218
N.S. after
correction

Mean activity in the frontal regions was considtent a lower magnitude
than all other regions on the scalp, with actiyigaking at the parietal and occipital
regions at the rear of the skull. Strong sta@sttfects related to inter-electrode
differences are (again) unsurprising and commaniyd in brain electrophysiology,
but serve more to validate the nature of the oleskBRP by confirming a rising
magnitude of responses from the anterior to pastsdalp regions, or the presence
of specific waveform sub-components. Althoughphesence of inter-electrode
effects helps to confirm the presence of the P3ptexy inter-electrode differences
in this case provide little insight into the natofaask-related cognition, except that
two large regions at the rear of the skull appearenmeavily involved in these
processes; likely areas of the occipital and parlebes. The attenuated responses
at the frontal regions to emotional faces are, h@wyesimilar in morphology to the
findings of Eimer, Holmes and McGlone (2003).
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2. Region of Interest A main effect of Region of interest. was prdsen
(F(3,114) = 16.656, p<0.0001.

Caution must be used in the interpretation of @csfically inter-regional
differences. As the dependent variable here wasitha under the curve, extending
the time epoch also increased the magnitude cdribe under the curve by
summation. A truly valid comparison would requinat all epochs for all regions of
interest be kept identical, however this would iteMy create difficulties in the
definition of regions of interest per se, as thgols of interest themselves are
variously defined by morphological, mathematicalstatistical variation in the
grand average ERPs. To some extent this phenomeiagoroblem for any analysis
involving e.g. the standard mean amplitudes onlaés. An alteration to the epoch
length of the region of interest inevitably impattte value of central tendency for
the whole epoch, and any subsequent mathematicapaiation of other values

within that epoch.

For analyses involving angitra-regional effects, the length of the epoch
remained constant across comparisons. Figurea@22below illustrate this rise in
area per epoch and region of interest. As thetheofgthe epoch rose, so did the area

under the curve (except for region of interest-8ach case.).
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Figures 21 and 22Relationship of area magnitude to epoch lengttidce-

IT tasks.
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Table 9 : Post-hoc tests for regions of interdsiclol.

Comparison Regions T (df = 39) Sig. Uncorrected Corrected
Mean Area Mean Area
(uV x Time)
1vs.2 -12.540 0.0001 -31.894 vs. 215.164 -0.443.803
1vs.3 -2.584 0.014 -31.894 vs. 96.548 -0.443 vs. 0.754
N.S. after
correction
1vs. 4 -8.494 0.0001 -31.894 vs.508.559 -0.443 vs 2.957
2vs. 3 2.209 0.033 215.165 vs. 96.548 4.303 vs 0.754
N.S. after
correction
2vs. 4 -4.233 0.0001 215.165 vs. 508.55¢ 4 308957
3vs. 4 -6.061 0.0001 96.548 vs. 508.559 0.750852.

To compensate for differences in the magnitudénod £poch, corrected

values showing the power of the effect are alsseared in Table 10 (i.e. the

uncorrected mean area divided by the epoch lengthilliseconds). In this
comparison, region of interest -2 (1352ms to 140Q2ansd -4 (1530ms to 1702ms)

showed the greatest activity, although signifiadifferences were present between

several combinations of regions. Regions of irier2 and -4 occur at the time

windows respectively corresponding to the N170-Na20@ the P300 components.

Activity in region of interest-2 is most likely inghtive of the N170

component present during the detection of facialdt, while activity during region

of interest-4 is likely to be memory-updating preses consistent with a task-based

discrimination of the stimuli during the P300 regioTl he distinctive waveform of

the P300 complex makes inter-regional differenadh bkely and of limited

usefulness except in terms of the confirmatiorhefpgresence of certain cognitive

phenomena. The P3 complex is classically assakvaith several cognitive acts,
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including the contextual updating of short-term noeynmand the novelty and
recognition of target stimuli (e.g. Courchesnele1@75), and it can be inferred from
the simple presence of the P3 complex itself thghition of these forms was
(again) likely to have been present. This is fertbupported by the repeated
presence of the P3 complex across the two pre@rperiments in the present
series. The presence of effects at regions ofaste? and -4 further validates the
task and outcome - participants viewed the stintiin made accurate judgements
of the stimulus faces, simultaneously producing imgrnelated electrophysiological

responses.

3. An interaction of Emotion x Hemisphere was pres@f(3,114) = 8.812,
p<0.0001.). No further effects of emotional vakefi€(3,117) = 2.077, p=N.S.) or
hemispheric location (F(1,39) = 0.608, p=N.S.) wanesent in post-hoc testing.

4. An interaction of Emotion x Hemisphere x Regionraérest.(F(9, 342) = 5.087,
p<0.0001). Post-hoc tests of this effect comprised, 2-way ANOVAs for

Emotion x Hemisphere within each region of interd?egions of interest -1 and

-4 showed different effects here.

Region 1 :A main effect of hemispheric lateralisatiaas present, F(1,39) = 4.283,

p<0.045. Greater activity overall was presenhmleft hemispherémean = -
17.0452uV x Time) than the right hemisphere (mean = 3.0986 Time) for
region of interest-1 (t(39)=-2.07, p<0.04&n#as= 0.31).

Region 4 : A main effect of emotional recognitiomas present, F(3, 117) = 3.231,
p<0.025.
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Table 10 : Post-hoc comparisons for emotional v@len

Comparison T (df=39)| Sig. | Mean AreagV x Time) lcontrast
Disgust vs. Anger 2.071 .045 555.358 v.s. 400.698 0.31
Disgust vs. Sadness 1.832 N|S. 555.358 v.s. 426.11 0.28

Disgust vs. Happiness -0.169 N.S. 555.358 v.s.954l7. 0.027
Anger vs. Sadness -0.796 N.S. 400.698 v.s. 445.111 0.12
Anger vs. Happiness -2.564 .014 400.698 v.s. 5@7.95 0.37
Sad vs. Happiness -2.233 .081 445,111 v.s. 567.9%54 0.33

Comparisons between pairs 1, 5 and 6 did not restatistically significant after
Bonferroni corrections, with a new significancedeaf p<0.0083, and effect size
estimates were uniformly low. At best, a margieféct of emotional valency was
present in region of interest- 4, all of which waegated after corrections for
multiple comparisons. Prior to correction, theogrtion of disgusted and happy
faces evoked the greatest activity. The emoticg@dgnition aspects of this task
appear to be somewhat weak, and possibly relie@ morecognition of the stimulus
items practised over time, without specific affeetresponses to the emotion being
displayed. Nevertheless, there was an effect attiemal valency present among the
data, a main aim of both the present study, andehes of studies presented.
Occurring relatively late in the acquisition in i@g of interest -4, at 500ms post-
stimulus, this effect would be consistent with tio¢ion that the processes involved
here were discriminatory and associated with dedilgecognition, rather than early
and endogenous perceptual processes. Given e mdtERPSs as relatively
spatially indistinct, stochastic processes occgraver very brief periods of time, it
was felt that a highly stringent correction to significance levels was warranted

here.

5. Interaction of Rostral-Occipital Axis Position x esphere(F(3,114) = 7.344,
p<0.0001). Post-hoc-testing of this effect yiel@dgoersistent effect of electrode

position, which has already been addressed prdyiassa main effect in poirit
previously No hemispheric effects were present (F(1,39688, p = N.S), nor

further interactions.
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Component Amplitude Analyses

In line with conventional analysis of ERP data,oegl amplitudes and latencies

were specifically analysed for emotional effectthat Cz site.

For amplitude values, the mean voltage at Cz dweentirety of each region
of interest was calculated for each condition. Tike of mean amplitude over the
region is generally agreed to most accurately sspreamplitude measures by
reducing the possibility of defining a peak in whimay or may not represent an
instance of individual noise in the waveform froactk participant.

Rigourous latency analyses were problematic far dlata-set and were not
pursued. In addition to practical difficulties vinever, 1Q-mediated differences in
ERP are not generally manifest as differences mpmment onset. Zhang, Caryl and
Deary (1989a and 1989b) did not find differenceanmplitude or latency in
populations with differential inspection time vadu@s noted, a well-documented,
moderate to strong associate of higher 1Q). RbBpBustman and Beck (1969),
Davis (1971), Shagass (1972), and Dustman and @€3R) all failed to replicate
Ertl's (1969) reduced vertex potential (VEP) latgassociation with high-1Q — or
“Ertl Effect” . Ertl's general experimental metrgdrom electrode placement to
definition of peak(s) for measurement have bedicised, as have his criteria for
statistical significance and analytical methodsdaylaway (1975). Josiassen et al.
(1988) noted that Davis’s (1971) finding was that.there were no consistent
relationships between 1Q and VEP latency....” . &ally (1975) states that for
visually evoked potentials, latency differencesilattable to 1Q differences are
manifest only if either the task is sufficientlyffdiult to adequately distinguish high
and low-1Q scorers on its own merit, or, if thetgapant is given no instructions and
left to ascertain the task demands through “...olaia more habitual cognitive
mode....”, and that “There have been replicationsfaildres to replicate”, leading
to an a non-conclusion in this field. Caryl (199}ed that where effects were

related to intelligence (specifically correlationthese effects were present within an

epoch rather than due to differential onset latencietsveen components. Given the

inconsistency reported through these and otherestudnd the practical differences
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in accomplishing latency analyses using contemgareathods, latency effects were
not pursued.

Computation of latency effects remains complex sudglective; two main
techniques exist for the analysis of componenntateffects, resulting either in a
relatively simple analysis with limited resolvingpability, or an in-depth analysis at
the expense of objectivity. Contemporary pradtisexamining component latency
effects requires the individual scrutiny of eachtipgpant’s individual grand average.
For each region and electrode site, the initiatading or descending phase of each
component must be identified in turn, a peak idiextj then a point in the deflection
corresponding to a pre-determined percentage ahthemum peak, assuming that
e.g. at a point corresponding to 40% of the maximin@ deflection is underway to a
peak.

It is extremely problematic to automate this pragedased on scrutiny of
the group average, since individual variation ioheparticipants’ averages alter the
maxima and minima of the magnitude of componeAtsonsiderably greater
problem, however, is that not all individuals clgananifest all components,
requiring a subjective judgement for each iderdiiien. Attempting to discern the
maxima and minima from the grogpand averages frequently results in attempting
to find values in individual analyses which do egist, thereby requiring individual
scrutiny of all waveforms for components. With Ns4nd four distinct conditions,
such an analysis was both insufficiently objectaedg highly impractical. In any
case, visual scrutiny of the grand average waveddeny. figures 1-23), and global
field power plots shows the main variation in rasges to be differentiated by

amplitude variationsrather than apparent onset delays.

Cz Amplitude analyses for Block 1 Faces

A significant effect of emotion was present in aitgjole variations only in region of
interest— 4; (F(3,117) = 15.064, p<0.0001). Fastoc comparisons showed
significant effects, all of which remained signé#id after Bonferroni correction :
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Table 11 : Amplitude effects of emotional valent¥a site, region of interest -4.

Comparison T (df=39) | Sig. uv I'contrast
Disgust vs. Anger -3.114 .003| 4.672vs.3.532 0.44
Disgust vs. Sadness .2 876 .006| 4.672vs.3.662 041
Disgust vs. 0.16
. .098 N.S.| 4.672vs. 4.640
Happiness
Angervs. Sadness g 47 N.S.| 3.532vs.3.662 900
Anger vs. 0.44
. -3.062 .004|  3.532vs. 4.640
Happiness
Sadness vs. 0.40
. -2.789 .008| 3.662vs. 4.640
Happiness

Similar to the results from the AUC measurememsults here did not reveal that
every emotional category differed strongly from mvather, but, again, disgust and
happiness evoked significantly larger deflectidrantall other stimulus types.
Although somewhat consistent with the results ftaemAUC analysis, the amplitude
comparison effects were generally robust, botleims of the alpha levels and effect

sizes.

Results for Block 2 Faces

Many of the findings from block 1 were repeatedliock 2; in particular, effects due

to electrode locations continued to be prevalent :

1. Rostral-Occipital Axis PositionAs with block 1, a main effect of electrode
location was present (F(3,114) = 66.320, p<0.0001).

Post-hoc tests of this result are presented in€Tddl As with Block 1 results, all
regions differed significantly from each other éaftorrection for multiple
comparisons) except for comparisons between thetBaand Occipital locations.
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Table 12 : Post-hoc tests for electrode locations.

Comparison T (df=39) Sig. | Mean AreayV x Time) | rcontrast
Frontal vs. Central -12.231 0.0001-161.958 vs. 202.972 0.89
Frontal vs. Parietal -14.064 0.0001-161.958 vs. 427.337] 0.91

Frontal vs. Occipita -10.480 0.0001 -161.958 vs. 437.878 0.8%
Central vs. Parietal -10.056 0.0001 202.972 vs. 427.337 0.84
Central vs. Occipita -5.171 0.0001 202.972vs. 437.878 0.68
Parietal vs. Occipita\‘l -0.332 n.s. 427.337 vs. 437.878 0.05

Again, electrodes positioned at the rear of thépsslaowed larger and more

sustained activity than did frontal or central e, further validating the presence

of the P3 complex.

2. Region of Interest Another main effect of region of interest wasgant in block

2 (F(3,114) = 16.5, p<0.0001. Post hoc test result presented in table 13.

Table 13 : Post-hoc tests for block 2 regions tdriEst.

Comparison | T (df=| Sig. Mean Area Corrected l'contrast
Regions 39) (uV x Time) Mean Area

lvs.2 -13.228 | 0.0001 -5.019vs. | -0.07vs.4.995 0.90
249.752

1vs.3 -3.125 0.003 -5.019vs. | -0.07vs. 1.141  0.44
146.022

lvs. 4 -9.249 0.0001 -5.019vs. | -0.07 vs. 2.864  0.82
492.669

2vs. 3 1.987 N.S. 249.752 vs.| 4.995 vs. 1.141 0.30
146.022

2vs. 4 -4.248 0.0001 249.752 vs.| 4.995vs. 2.864  0.56
492.669

3vs. 4 -5.514 0.0001 146.022 vs.| 1.141vs. 2.864  0.66
492.669
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Here, all regions of interest except -2 and -3ediffignificantly from each other,
showing significant variation in the early and latemponents, but not during the
N170 to N200 region of the waveform. The previoastions in interpreting the

similar results in Block 1 of the face-IT task agaply here.

3. Interaction of Emotion x Hemisphe(ie(3,114) = 3.794, p<0.012. Again, similar
to block 1, post-hoc tests yielded no subsequéettsfof emotion (F(1,117) =
1.603, p = N.S.) or hemispheric location (F(1,39).337, p = N.S.).

1. Interaction of Rostral-Occipital Axis Position x iHesphere
(F(3,114) = 7.464, p<0.0001).
Persistent effects related to electrode positiorevagain present (F(3,117) =
99.643, p<0.0001), but no other effects of hemigphaterality (F(1,39) =
1.337, p=N.S.), nor any interaction of these vdeslfF(3,117) = 1.669, p =
N.S.). Further tests of the effect of locationdagain already been addressed in

the analysis of the main effect of electrode laator block 2.
In contrast to Block 1, no further effects of emaofl valency were present in Block
2 when using AUC as the dependent variable. Titaligreater left-hemisphere

activity found in region of interest -1 was noteaped during the AUC analyses.

Cz Amplitude analyses for Block 2 Faces.

Two significant effects of emotion were presenamplitude variations in region of
interest — 3 (F(3, 123) = 4.105, p<0.008), andaegif interest-4 (F(3,123) = 6.204,
p<0.017) at the Cz electrode site. For block 2¢aat CZ only, analyses of
amplitude permitted the inclusion of data from ddifional 3 individuals owing to

fewer artefact-related data exclusions.
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Four post-hoc comparisons showed significant effeadt of which remained

significant after Bonferroni correction :

Table 14 : Amplitude effects of emotional valent¥a site, Region of interest- 3

Comparison T (df =41) Sig. uv lcontrast
Disgust vs. Anger -0.508 N.S| -523vs.-711| 0.08
Disgustvs. Sadness .2 274 | 028 -523vs.-1.195 0.33

Disgust vs. Happiness 3 170 003 -523vs.-1.576] 044
Anger vs. Sadness| 1304 N.S| -.711vs.-1.195 0.20
Anger vs. Happiness 2 592 013 -.711vs.-1.576] 0-37

Sadness vs. Happiness 1 346 N.S|-1.196vs. -1.576 0.20

Table 15 : Amplitude effects of emotional valent¥a site, Region of interest- 4

Comparison T (df=41) Sig. uv lcontrast
Disgust vs. Anger -1.579 N.S.| 4.379vs.3.829 0.23
Disgust vs. Sadness  _3 067 004 | 4.379vs.3.427 043
Disgust vs. Happiness .0 465 N.S.| 4.379vs.4.521 0.07

Anger vs. Sadness| 1112 N.S.| 3.829vs.3.427 0.17
Anger vs. Happiness .1 725 N.S.| 3.829vs. 4521 0.26
Sadness vs. Happiness .3 870 .0001] 3.427vs. 4521 0.51

Although the amplitude analyses of emotional vayaewealed several significant
differences in block 2 of the faces, the AUC anedydid not, likely attributable to

the greater effect size and resolving capabilispamted with solely amplitude based
analyses. The main effects of emotional valendylack 2 predominantly
distinguished between effects related to sadnesfappiness, but similarly to block

1, every stimulus category did not differ from gvether One more effect was

present in region of interest-3, with comparabfedafsizes throughout. In contrast
to Block 1, sadness and happiness in block 2 weng prominently distinguished in
region of interest-4.
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Discussion

The performance of the participants and the effengss of the task
methodology were highly acceptable. Although apptly somewhat fatigued by
the end of the session, participants were ablelially make accurate judgements
about the nature of the stimuli (either identifythg facial expressions or the length
of the lines) at varying presentation speeds ogachl manner. When presentation
speeds were rapid, participants had difficulty imkmg accurate decisions regarding
the stimuli, and vice versa. Behavioural erroesawere low, and the obtained ERPs
were highly characteristic of both previous phenoan® memory and
discriminatory cognition (i.e. the presence of B&complex), and also in terms of
the replicability of the results of the previousdies presented here. It is thus quite
certain that participants had little difficulty imderstanding the task, performing it,
and in so doing, reliably identifying the stimukdditionally, participants manifest
related and expected phenomena, e.g. the negatiradation between P300 onset

times and 1Q scores, and the IT-1Q relationshiggpnted in chapter 9, study 5.).

Psychometric Findings

Findings from the psychometric and electrophysialaigdata were
somewhat unusual in this study. The populatioreapgd to be extremely
homogenous, with very few gender based-differencése psychometric data.
Gender-related differences were not prevalent atioa@&RP data either, where e.g.
Orozco and Ehlers (1998) found that female subgubsved larger and longer-
lasting P450 components to happy and sad emotiaces$, such phenomena were
absent in the present study. The findings opttesent study were different in some
respects from the findings of Austin (2004), ands#u (2005), the closest analogous
(behavioural) studies upon which this series waisel. Austin’s (2004) findings
did not show any effects or trends involving theRIR where the present study
showed a weak trend between Utilisation of ematind NART scores, which was
amplified and achieved significance after segregabif the population into two
extreme-scoring groups. As discussed previousiyever, the explanation of this

trend is problematic owing to the apparent dichotaia crystallised intelligence
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measure (i.e. a test primarily of previously stakadwledge) showing potential links
with an active process of intrapersonal cognitiwithin the literature, ability-based
tests of El are more associated with crystalligeth\eerbal intelligence than self-
report measures (MacCann et al. 2004, Farrellyfargdin 2007). Only one
significant correlation between an El and IQ meague. Mood regulation and APM
scores) was obtained in the present study. Althqurgcedent exists for the use of
Raven’s Matrices as a correlate of inspection {{Beary 1980, Olson and
Marshuetz 1998; Morris and Alcorn 1995, Bates anelil8s 2003, and Vickers,
Pietsch and Hemingway 1995.), the use of Ravenst$PM was relatively less
successful where the use of the AH5 battery inysBugielded two stronger
associations. In contrast to Austin (2005), whéfeces pertained to interpersonal
factors from the modified SREIT, in the presentsgiuhe correlation was with an
intrapersonal factor (i.e. Utilisation of emotions). eTimost notable difference
between these IT studies, however, was anlyre participant population’s relative
ages between the present study (mean age = 219) yaad Austin’s (2004) and
(2005) studies, where the mean ages were 32.71Bd/&ars respectively, which
may have resulted in these inconsistent effects.

Austin’s general approach has been validated bptbsent study, however,
in showing associations with established measuregedlect (Raven’s Standard
Progressive MatriceBlusand in the present study with APM Short Versiam) a
self-report EI measures (the standard SREIT, a fieddversion of the SREIT and
the Bar-on EQ-i:S). Total correct responses asdéantion times were positively
correlated with utilisation of emotions, while mo@ulation was positively
correlated with Short APM section 2 scores. Whendample population was
reduced to N=30, these correlations became strorigerontrast, Bastian, Burns and
Nettelbeck (2005) found “Self-report EI measuresenaoderately correlated with

personality, but their correlations with cognitailitieswere generally near-zero.".

In the present study, this has pobven to be the case, even allowing for theieetif
of the creation of high- and low-1Q groups, andighs, if not entirely explicable
relationship was present between El and 1Q. Ekesuah a relationship was not

entirely explicable, the participants’ intellectdmpinge upon the tested

relationships to some degre®an Rooy and Viswesveran’s (2004) meta-analysis
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found modest correlations between El and generatahability (0.22), although
they reported that “.....El and GMA tend to be ogbnal constructs that denote
different competencies.....” — a somewhat contradycstatement given their finding
of correlations. Their analysis of other studlesyever, featured a substantial
proportion of self-report measures of El rathentkay. solely ability-based tests,
which would tend to undermine their essential cosion of orthogonality — i.e. they
did find relationships among the tested variablesnotithrough the use of only
ability-based measurements, which they claim aftase “different competencies”.

The present study did not reproduce gender-reldiféetences in EI.

Women have self-reported higher scores acrossaed@mains in the SREIT, even

if these scores do not always reach statisticaifssgnce (e.g. Ciarrochi et al. 2001,
Schutte et al. 1998, Austin 2005, Van Rooy, Aloasd Viswesveran 2005). While

the present study featured a weak gender - retegad, it failed to achieve statistical
significance.

Three interpretations of the present study’s pheararare considered likely.

(1) The present study’s population may have shown amgry weak
manifestation of the expected SREIT gender-relatats, and
simply failed to display differences which the Hterature has
previously noted. The tested population was otisengquite
homogenous with regard to other variables under¢eg. 1Q, and
most ERP regions of interest.), and it is similgrbssible that this
homogeneity was also reflected in the EI self repoores.

(i) It is possible that the SREIT test used here \waplg non-
discriminatory for gender effects; a combinatiorhase two
potential causes is strongly suspected.

(i) It may also be the case that the present studgipleasize (N=46)
was insufficient to reveal these effects, and itldde argued that
El effects as measured by the SREIT self-reporsameewhat
weak, requiring considerably larger sample sizesctoeve
statistical prominence. If this is so, it is quasable that such

inter- or intra-personal traits would be broadlyioeable across
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individuals’ behaviour in any ecologically meanialivay in

everyday behaviour.

The relevance of “real-life” behaviours and lifeees are heavily
emphasised in the El literature; it has been ntitatle.g. El traits (although
measured by other tests) correlate with “satiséactvith social support” (Ciarrochi
et al. 2001), and life satisfaction (Palmer, Dodgand Stough 2002). If the SREIT
is to be used further, it should, in principle,dide to demonstrate effects which
verify these basic tenets of El as a viable coostperhaps without resorting to very
large participant sample sizes, or verificatiomfrother established test. As a
simple critique, Schulte, Ree and Carreta (20@)tiheir article “E.l. : not much
more tharg and personality”. Using the MSCEIT “ability” Eleasure, the NEO-PI,
and the Wonderlic Personnel Test, several statltisignificant associations were
noted between all three measures, leading Schiudle te “question the uniqueness
of El as a construct”. It could therefore be ipteted that El is either actually not
fundamentally unique as a construct, sharing maaiyyrheasurements (in some
form) with existing personality inventories suchtlas NEO-PI, or that at least,
existing measures of El feature an unavoidable,candiderable, overlap with pre-
existing psychometric tests to the extent thatraisbns or definitions of
measurement are problematic. It also appear€ihas a psychometric construct, is
difficult to measure accurately, and is perhapnoited usefulness given its
apparently poor discriminant validity and poor défon as a construct given the
overlaps with established personality inventori@s.such, the general utility of trait
El can legitimately be called into question, an#y not truly measure anything that

is unique or unprecedented.

ERP Findings
The continued presence of the P300 complex wadyhigiportant in the

present series of studies by validating many aspsdhe methodology, although the
continued presence of the P300-type complex alaye much about the processes
involved in this task. The successful performanicéhe participants, coupled with

the continued presence of a ubiquitous ERP wavefamforces the success and
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applicability of the task as a whole. The inspmttime methodology was useful in
facilitating the EEG acquisition; by combining fck@resentation durations (where a
stimulus is either shown long enough to be coryaettognised or not) and ERP
methodology, where reliance on participant behaaloRT is effectively lowered in
importance. Additionally, the lack of time limits participants’ responses helped to
minimise the presence of muscular and ocular atefaithin the recording; a useful
benefit of the procedure.

The inconsistent effects of emotional recognitiothe ERPs involved
differential effects of the recognition of all foemotional states. It seems that the
emotional expressions did not evoke ERP respohs¢sduld be reliably, and
statistically, differentiated between all stimuttilasses either within or between the
face-IT tasks. Although differences in wave amjolé were present (and with some
consistency across Studies 2 and 4 with happy Btewoking larger amplitudes and
areas in two of three cases), the characteristitteembtained waveforms were not
strongly characteristic or different from thoseaet=d in many other cognitive
studies — there does not appears to be any pariguinique psychophysiological
attribute which can be associated with the deteaicemotional stimuli and which
segregates the detection of such information. Nhe0, for example, is specific to
faces, and not to facial expressions, and did aot in the present study.

This raises a question previously asked by Smitil. ¢2003) on the nature of
emotional cognition — “Zajonc (1980) postulatedt thifective processing was
separable from cognitive processing.”. The datenfthe present series of studies
indicate that this is indeed the case, given tlesgaice of brain electrophysiological
responses absolutely characteristic of cognitreegsses involved in memory-
related comparisons (the P3 complex), yet, resgowbech did not differ in terms
related to the emotional valency of the stimulainovel or remarkable way. Effect
sizes for emotional valency were low to moderatmost cases, and, alf the four
emotional valencies presented to participants diddiffer from each other in
consistent ways based on each experiment in tisemprseries — in this final study,
effects were strongest when featuring angry angudied emotional states. As can
be seen from visual inspection of the grand ERPgnoverlaid, the grand averages

from all emotional conditions were again highly favmal. The behavioural data,
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however, presents a different overall pattern ftbenelectrophysiological data :
participants were able to successfully identify difterentiate the stimuli with great
reliability, but, their ERP responses did not ale/aliow statistically discernible
differences.

It is therefore likely that the visual recognitiohan emotional face is only
one of several “requirements” to evoke responsdisarviewer, and the initial
appraisal of facial expression is purely cogniawel quite separate from further
affective responses within the viewer. Given tgeated presence of the P300
complex, it is likely that the associated cognitaas were strongly associated with
discriminations based upon memory of the stimutioemtered to that point, initially
based upon prototypical concepts of the stimulassgs held by participants. As
participants were not given feedback on their perénce, and yet were able to
perform highly above chance levels, they obviogslgsessed suitable mental
templates for comparison with the stimulus item-their archetypes of emotional
displays were congruent with those from the Ecksetn Because the stimulus faces
were also highly unlikely to have any broader asdmn or meaning for any of the
participants, purely discriminatgryather than specialised affectirasponses are
plausible. Ohman (2002) and Vuilleumier (2002)grs] that there are advantages

to the individual in rapidly detecting threatenmgdangerous facial expressions, and
the present data supports this to some degree tiagrmauch as disgust and anger
showed more frequent statistical differences irt4bogs comparisons.

An additional and considerable difficulty in integting these results is the
difficulty in finding other studies with analogotesults or methodologies. Carretie
and Iglesias (1995) highlighted this inconsistency

"Secondly, components after the 300th millisecond.....are supposed to
reflect the affective processing of neutral and eomal facial expressions. However,
previous results are contradictory. While in sotuglies the neutral faces evoked
lower amplitudes than emotional ones (Carretielglesias, 1991; 1993; Laurian et
al., 1991), in others they evoked the highest (\éapldeg et al., 1987).".

Statistically significant ERP responses to emotistienuli are seemingly
neither highly consistent in their nature, nor atevaasily replicable, and, their

manifestation may vary considerably according tophecise and specific details of
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the stimuli and method of presentation involve@rhaps these responses are more
“straightforward” cognitive processes involvingtially the detection of visual
differences which are eventually passed to incnggicomplex cognitive systems
for further analysis, potentially culminating irethisceral emotional experiences,
but beginning with an initial and simple discrimiogy process. It seems clear,
however, that emotional responses to visually prteskestimuli of this nature (i.e.
unfamiliar human faces) are ngttongly characteristic or otherwise unique tséhe
stimuli, even within the present series of studies.

Smith et al. (2003) noted that :

“a growing body of literature is documenting @tention biasoward
negative information. That is, our attention iscamétically drawn to negative
information more strongly than it is automaticaligwn to positive information.”.

Such a statement does not define how attentiordeoushould be measured;
a clearly important aspect of investigations of 8oro E.g. does slower behavioural
RT, or more rapid behavioural RT, or enhanced E&®Rponent amplitude or
lowered ERP component latency imply a greater “amticof attention being
devoted to the analysis of a stimulus ? The natfamegative emotional information
being more salient during such studies is somewtraistent with the present
study’s findings, as significant comparisons waspnt generally when “negative”
faces (sad, disgusted or angry) were compareddpyhaSmith et al. also referenced
Hansen and Hansen (1988), in whose study “partitipaere faster at picking the
angry face out of a happy grid than vice versagestyng that their attention was
automatically drawn to the angry faces. “. Relate8mith et al's earlier reference
to Zajonc’s question of the cognitive interpretatend seperability of emotion and
cognition, Hansen and Hansen'’s finding could aksanberpreted as stating that
participants were simply better at rapidly findihg item in a grid which was
different from the others; a response more cogaitinan affective.

Eimer & Holmes (2007), and Eimer, Holmes and Mc@Ila{2003) found that
when emotional faces were presented alongside mmti@nal faces, upside-down
emotional faces, or neutral objects (houses), thaimed ERPs showed larger
positive amplitudes for the emotional faces in casttto the other stimuli presented

simultaneously. Additionally, these effects weranifest from an early stage
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(“within 120ms”) in the ERP. Eimer and Holmes (ZDp8tated that these effects
were likely to be specific to emotional faces rattian simple discrimination,
because responses to inverted faces were attenuatteel than completely absent.
While their 2003 study featured some similaritigdwthe present experiments in the
discrimination of emotional faces, their methodsemgonetheless different.
Participants were always provided with emotional aeutral stimuli simultaneously
during each trial, and the stimuli were presentealfaxed duration of 300ms. The
present study’s methodology differed in three magpects which may have
influenced results:

(1) The stimulus presentations ranged from extremeéf by
relatively longer periods, but which nonethelessiposed, at
most, 40% of the 300ms presentations used by Eifremes
and McGlone (2003).

(i) As only a single stimulus was presented within daeh,
participants in the present study were never requo make
discriminations between two stimulus items duringls, but
rather discriminate from 4 options from previoupenence.

(i) The present study used a moderately large sangad®i an ERP
study (N=46), with 192 stimulus presentations.cdntrast,

Eimer, Holmes McGlone used a small participant pepan

(N=15) coupled with a very large number of tridls9QO0 trials).

Their obtained ERPs were also morphologically déf¢ from those in the

present study. Although again broadly conformm@ P3-type complex with an
N170 component, the P3 regions themselves werersgidominent. Eimer,
Holmes and McGlone interpreted their data in teofre theory of specific emotional
mechanisms proposed by Adolphs (2002) (and alsdphdpTranel and Damasio
2003) as not having been strictly correct, as th&P responses to all stimulus types
were broadly very similar. Eimer and Holmes (20€i7)se to re-interpret their
findings with specific reference to the presencethefN170 component as relevant to
the structural, then perceptual and affective eimgpdf face stimuli. Although
Pizzagalli et al. (2002) found that the N170 waslalated in response to “liked” and

“disliked” faces, there is also evidence that tH&’Qlis invariant to all but the simple
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presence of a face-like stimulus (e.g. Halgren.&2@00, Eimer and Holmes 2002,
and Herrmann et al. 2002) except when explicitijmpared with a non-face
stimulus, which substantially diminishes the usaésk of the N170 as a dependent
measure. It is also questionable as to the extemhich claims of the resolution of
facial structural encoding can be made of Eimetntés and McGlones’ (2003) data
from the methodology employed, both in terms oftdsk demands, and the ability
of ERP data to resolve e.g. detailed structuravaion over time. The methodology
of Eimer, Holmes and McGlones’ task was neveratiitintended to examine face-
encoding procedures, by e.g. selectively presentimge faces versus gradiated face
elements for scrutiny and response evaluationtr@roariations related to
specifically structural aspects of human facesgcivimnakes their claims difficult to
substantiate. Eimer and Holmes’ (2007) interpireta&and conclusion, however,
would seem similar to the present study’s, in thias clear that the question of
whether or not different emotional facial expreasigive rise to specific ERP effects
is far from settled.”.

Other, more recent behavioural studies have beeducted of emotional
facial phenomena. Olson and Marshuetz (2005) fabatfacial attractiveness
could be assessed accurately using a behaviour®l et forward and backward
masking, but with extremely brief, tachistoscopmud| stimulus presentations of
13ms. Facial attractiveness, however, is a diffiepenomenon from the detection
of emotional expression, and Olson and Marshuéta¥ngs remain to be
replicated. Although their subject population wstated to be consciously unaware
of the qualities of the stimuli they viewed, Olsamd Marschutz were nonetheless of
the opinion that “....attractiveness is assessedligpnd from small slivers of visual
information....”.

In terms of broader spatial localisation effedt®, hemispheric lateralisation
effect in block 1 of the faces task was differentitat shown by Jansari et al. (2000),
who found significantly greater accuracy in disariation when stimuli were
presented to the left visual field / right hemisgheln contrast, block one of the
present study found greater brain electrical agtivi the left hemisphere using a
central stimulus presentation. Carretie and 1ge§1995) also failed to find a right-

hemisphere superiority. Jansari et al.’s studyewer, was purely behavioural, and
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quite different from the present study in severaysv Jansari et al. interpreted these
results with reference to a right-hemisphere sopiéyj although their methods did
not include any measures of brain activity beyooidertness of response as a
wholly behavioural-cognitive task. Additionallyagticipants were not time-limited
in making their decisions, and a proprietary stinsuget was created via the use of
software morphing of images from the Eckman setéeh a neutral and target
emotional expression. Jansari et al.’s subjectfadion was both markedly older
than the present participants (mean age of 41-480+22 years), and possessed of
lower NART IQ estimate scores (104-106 vs. 117 doedbmean for both genders).
This constitutes a clear example of the differémliscrepancies in results arising
from different experimental methodologies, and hditts the difficulties in further
experimentation; in many cases, slight differertoebie methodology result in
markedly different effects which are both diffictdtdirectly compare to previous
work, and build upon in future.

As the present study was not a precise replicatiather studies, it is
difficult to comment further, and generalise acrogeger studies, given that
differences in the specifics of the task methodp|dgpm Carretie and Iglesias’ brief
review, apparently result in varied outcomes. ifleensistent effects of emotional
valency could be related to the relatively brigbesure times employed here,
although this raises the questions of how, ooiigler presentation durations would
alter the outcomes — participants were otherwighlfiisuccessful in identifying the
emotions displayed, and in Eimer, Holmes and Mc&®(R003) study, presentation
durations of 300ms still failed to evoke emotioredponses within the ERPs. As
can be seen from reference to Study 3, presensabbB80ms still result in extremely
high success rates in stimulus identification, withparticipant scoring less than
95% correct. Carretie & Iglesias (1995) used 10@rasentations, but their task
required participants to rate the faces they viearetlarousal” and “valency”, and
only 1 facial expression (happiness) was employed.

While specific mechanisms or neural circuits mayl exist for the
processing of affective information, given the wsality of appropriate emotional
experience among the psychologically healthy pdmriait remains questionable

whether the present study’s methods were apprepowatveal them, or indeed,
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those of other studies referenced here (e.g. Biinénes & McGlone 2003). The
findings of the present series of studies do, h@namply that as a process of
appraisal and discrimination, the recognition obéional states is a cognitively

penetrable behavioural act, if one that is not @essd of powerful effects.
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CHAPTER 9

Study 5
Multiple-Choice Variants of the Emotional- and Centional- |.T. Tasks : Findings

from the 4-Line IT Task and Intelligence

Introduction
This section contains separate analyses of behajgsychometric and
electrophysiological effects related to 1Q from grevious study. The experimental

procedures are unchanged, and described in theopsestudy.

Results

Effects for IQ

Psychometric and Behavioural Results.

Means, standard deviations and normality-test te$oit interval-level psychometric

and behavioural data are presented in table 1.

Table 1 : Descriptive statistics and results ohmality testing for interval data.

Kolmogorov-
Measure Mean Std. Dev Smirnov Z Sig.
Short APM Section 1 Scdre  5.50 0.66 2.46 0.01
Short APM Section 2 Scdre  8.67 2.01 1.18 0.12
NART Errors 13.15 4.33 0.55 0.92
NART Full-scale 1Q 117.08 3.59 0.55 0.92
NART Verbal IQ 116.90 3.98 0.55 0.92
NART Performance 1Q 115.50 2.80 0.51 0.96
IT Block 1 Faces (ms) 55.68 23.83 1.25 0.09
IT Block 2 Faces (ms) 61.82 32.45 1.13 0.16
IT 4 Line (ms) 60.70 18.29 0.76 0.60
Correct Block 1 Faces 156.35 14.01 0.95 0.33
Incorrect Block 1 Faceg 35.65 14.01 0.95 0.33
Correct Block 2 Faces 150.72 16.85 0.66 0.78
Incorrect Block 2 Faceg 41.28 16.85 0.66 0.78
Correct for 4 Line 139.07 15.66 0.65 0.79
Incorrect for 4 Line. 60.93 15.66 0.65 0.79
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Only Short APM section 1 scores showed a skewddluision (z= 2.46,
p<0.01). However, although recorded, the firstisacmf the Short APM is intended
to familiarise participants with the test proceduaad does not contribute to the final
result drawn from Short APM section 2. The remaimaf the interval level data was

appropriately suited for parametric analyses.

Chart 1 : Graph of mean inspection times.

Comparison of Mean Inspection Times
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Inspection times for all three tasks were very Eindespite a relatively higher error
rate for the 4-Line task. Block 1 of the face tadKfered by only 6-7ms from the
other two tasks. Participant performance in théaBks is presented in chart 2.
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Chart 2 : Mean performance for IT tasks.

Mean Correct Responses by Task
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Mean correct responses for blocks 1 and 2 of thetiermal faces show
comparable difficulty. The 4-line IT task, howeyappears to be considerably

harder, with the largest number of errors.

Group IT curves for all three tasks are provide#igures 1, 2 and 3. Figure
4 overlays the curves for all of the IT tasks fomparison. In block 1 of the face-IT
tasks, the 85% success rate was achieved quicidythe overlay plot (figure 4)
shows the trends to be extremely similar. In bldckowever, participants required
slightly longer to achieve an 85% hit rate. Agaims may be a result of

participants’ fatigue.
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Figure 1 : IT curve for Faces Block 1.
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Figure 2 : IT curve for Faces Block 2
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Both face-IT tasks showed a moderately high, e;arbcess rate which

plateaued after presentation durations of approdipd0Oms. Success rates at
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stimulus durations below 40ms, however, were alothaace levels (i.e. 25%),
indicating that these tasks were only moderateficdit.
Figure 3 : IT curve for 4-Line Stimuli.
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The 4-Line IT task showed an expected inspectioe turve (e.g. Deary et
al. 2001). Correct responses occurred slightlpwealhance levels up to
approximately 35ms durations, with a mean maximitmalte of 80% not being
achieved throughout the entire task. The 4-Lis& t@as clearly much more difficult
to complete than either face-IT task, and showeddtvest scores for mean correct
responses, at 69.5%.

The data presented in Table 1 was assessed foegeéifférences in two
stages. As with the SREIT inventory data, all 4&ipipants were tested, then a
gender matched sample of 10 males and 10 femategehder effects related to 1Q
were present for N=46 (the full sample). For N£2€. the 10 remaining males, and
a random sample of 10 females), two significantlitesvere present here.

(1) The 4-line IT task showed thatean inspection times for males
(53.82ms) were significantly faster than females $602ms),
F(1,18) = 5.581, p<0.030.

(i) These participants also showed the same pattexrccofracy results
for the left-most stimulus in the 4-Line IT tasklales made
significantly more correct responses (mean = 34.8)an did the
10 randomly-selected females (mean = 27.4) — F(1),£87.645,
p<0.013.

High- and Low-1Q Groups

Following Josiassen et al. (1988) and Shagass €t91), 30 participants
were selected based on their Short APM score ttoexpny potential differences
that may be related to variance in intellect. $#sen individuals scored 10-12
(mean = 10.5 points), and thirteen participantsestd-7 (mean = 6.5 points),
comprising the upper and lower thirds of the popoilés Short APM scores. The
correlation analyses were re-run using the sulddagb- and low-Short APM
scorers. Statistical differences here were obWosmmewhat artificial, induced by
the segregation of the sample, but these effect®dstrate that such a segregation
was possible within the sample. Statistics heegoanvided only for confirmation of

these differences. Three effects were present :
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2. Short APM score (part 2) —
Mean Short APM scores differed significantly betwéee high- (10.65 points) and
low-scoring groups (6.62 points).
(F(1,28) = 108.295, p<0.0001.)

3. Inspection time for block 1 face-IT —
The high-scoring group showed a mean IT value M<faster than the low-scoring
group (45.94ms vs. 60.18ms).
(F(1,28) = 5.246, p<0.030.)

4. Total correct responses for block 1 face-IT —
The high-scoring Short APM group achieved signifibamore correct answers than
the low-scoring group (162.18 vs. 152).
(F(1,28) = 7.431, p<0.011.)

These results provide evidence in support of tisgckianets of the inspection
time paradigm and methodology - the performandad@high-scoring Short APM
group was superior in matters of perceptual speddaacuracy, resulting in
significantly faster IT values, greater scoresdjpatial reasoning tasks, and overall
correct responses. These effects are not comseieegicross all tasks, however —
the higher-scoring group (i.e. Short APM scoresd)rbt out-perform the low-scoring
group across all other measures. It should alsmbsidered that any effects present
in the group could be considered as “artificiail’ that specific sub-sets of the

population have been selected due to the relatfferehces in 1Q scores.
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Inspection Time and IQ Correlations

As with the IT and EI correlations, all 46 partiaigs’ data were used here owing to

an overall absence of gender-based differences.

Significant correlations among intra-test items @retted here as these
associations are related to test reliability, atiebwise irrelevant to the analysis.
Significant correlations with inspection time weilso rare using this test battery, as
shown in Table 2.

Table 2 : Correlations : IT(ms) with 1Q measures.

Short APM ii|IT Block 1
IT Block 1 Faces| r -0.37
p 0.01
IT Block 2 Faces| r 0.50
p 0.001
IT 4 Line r 0.36
p 0.01

Some significant inter-correlations were presemiben the IT tasks,
although:

(1) Only the first face-IT task showed the expectedatigg correlation
with 1Q measures — specifically, Short APM sectioscores (r= -
0.37, p<0.01). The NART showed no significant aggmns with
any other tests.

(i) All three IT tasks did not show significant concande with each
other — only block 1 of the face-IT task was sigmaintly related to

both other IT tasks, and a single 1Q measure.

Table 3 shows correlations between total accuraigsrfor the inspection

time tasks and 1Q measures.
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Table 3 : Correlations : Total correct responsas|@measures.

Short APM ii | Total Hits1
Total Hits
Faces 1 r 0.405
p 0.005
Total Hits
Faces 2 r 0.533
p 0.000
Total Hits
4 Line r 0.304
p 0.040

Both total correct responses and IT values showpdtiern of results. As a
relatively more blunt correlation within IT taskse( instead of correlations with
actual inspection timg¢sagain only the first face-IT task showed positiv
associations with Short APM section 2 scores atal torrect responses to the faces
(r = 0.405, p<0.005), and similarly, only the fitldock of the face-IT tasks shows
relationships with the other tasks.

These correlations were conducted again usingitie and low-1Q
populations mentioned previously.
Table 4 : Subset of 30 high and low Short APM synee-run of initial correlations
for 1IQ and IT.

Short
APM ii IT Block 1
IT Block 1 r -0.49
p 0.001
IT Block 2 r 0.48
p 0.001

Using the subset of participants, fewer associativere present than when using the

whole population. Again, Short APM section (iipses correlated significantly and
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negatively only with IT scores for Block 1 of thecks task (r = -0.49, p<0.001) — as

Short APM scores rose, IT values decreased, indgatore rapid perception.

Table 5 : Sub-set of 30 hi- and low APM scorersralations of IQ and total hits.

APM
ii TotalHitl
TotalHit1 r 0.55
p 0.001
TotalHit2 r 0.58
p 0.001

A similar pattern was present again; only Blockf the faces task showed any
significant associations with 1Q (r = 0.55, p<0.pMlthough the correlation was

marginally stronger than that associated with dehspection times in milliseconds.

Grand Average ERPs for 4-Line Stimuli.

Grand average ERPs are presented for the 4-Limailsin Figures 5-13. Each ERP
in figures 5-13 is an average of all four line-ireagt each electrode site. Unlike the
facial stimuli, there is little reason to evalu&tiRP responses to the individual line
stimuli, as each stimulus possesses no heightegieificance outwith the task
demands — i.e. they are merely lines which areeplac different locations and

which do not immediately resemble any other stimditum. The grand average
ERP for the CZ site is presented in figure 5 tasiltate the similarity among the
individual 4-line plots and the averaged plot dfcainditions. Thereatfter, all plots

feature only the averaged condition.
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Figure 5:Grand Average for Cz site, all conditions + averagall conditions.
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As shown, when grand ERPs for each stimulus type &eeraged, the general
morphology of the ERP was closely maintained in garison to a plot of each

individual stimulus line.

Figure 6:Grand Average for F3, Geometric stimuli.
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Figure 7:Grand Average for F4, Geometric stimuli.
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The waveforms recorded at the frontal sites weewiheattenuated in comparison to
all other scalp locations; the general amplituds {@aver, and the P300 region was
always negatively polarised. As expected, the Ndé&fGection was now

characteristically absent.

Figure 8:Grand Average for C3, Geometric stimuli.
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Figure 9:.Grand Average for C4, Geometric stimuli.
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The candidate components of the waveform at thaleziectrode sites were
difficult to differentiate. Only a prominent P3@0mplex remained, with sites C3
and Cz (figures 5 and 8) showing what appearea @ lheavily attenuated P100 at
approximately 1400 milliseconds (200ms post-stirajulu

Figure 10:Grand Average for P3, Geometric stimuli.
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Figure 11:Grand Average for P4, Geometric stimuli.
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Parietal electrode sites showed a slightly moredihtiated P3 complex, now with

an initial P100, a small N200, and P300 components.

Figure 12:Grand Average for O1, Geometric stimuli.
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Figure 13:Grand Average for O2, Geometric stimuli.
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Occipital sites O1 and O2 showed the most cleaftgréntiated waveforms with
three recognisable components present (P100, N2D@300). As with the face-IT
tasks, there was a prominent P100 peak, easilgmhgxde from the waveforms from
the other electrode sites, followed by a large R80@ponent. In part, the relatively
poor definition of ERP components here may be dweltigher error rate (30.5%)
within the 4-Line task, combined with apparentlyrendifficult task demands. Mean
error rates for the face-IT tasks were both lowed,8.56% and 21.5% for blocks 1

and 2 respectively.

Differences between the face-IT and Line-IT taglkesshown in Figures 14
and 15. Three new averages of all four facial esgions, and all four line
conditions were created for all IT tasks at thee{gtrode site. In Figure 14, these

plots were overlaid :
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Figure 14 : Overlay plot of all conditions for edelsk.
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Both face tasks showed a similar morphology, whiist4-Line task was visually
very different. The P100 and P200 components slodlv sustained and higher
amplitudes than the P300 region in the 4-Line taskdsle the P100, N170, P200 and
P300 are sharply defined in the face-IT tasks.
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Figure 15 : Subtraction plot of face- and line-#Eks
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In figure 15, the averages for both face tasks e summed, and the 4-
line Cz average subtracted from that summatiore drkeas which differ are
illustrated by the subtraction waveform. The 4d.imaveform was simpler than
those from the face-IT tasks, with a notably 1&&00, and attenuated N200 and
P300 components. The single most prominent paathéo4-line task was a P200
deflection at approximately 1590ms. Combined whih lower behavioural success
rate for the 4-Line stimuli, the attenuated P3Qflar is in accordance with Kok and
Loren de Jong (1980); when stimulus discriminatiaresgenerally difficult, P300

amplitude is reduced — and in this instance, quiekedly.

Analysis of the 4-Line IT ERP Data.

Lengthy and explicit comparisons of the 4-line daith the face-stimuli data

were considered to be of limited usefulness owmnthé different natures of each
task; human faces are obviously very different figgometric vertical line-stimuli,
and aside from a visual IT methodology, the tasKered in the specifics of their

demands. For this reason, the 4-Line IT data veasnéd to be of greater use as a
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means to a profile for a more “classic” line — Iparadigm, and for subsequent
analyses within this line-I.T. data rather than pansons between the face- and 4-
line datasets. The analysis of this data-settha@tefore be constrained to
supplementary information regarding the succesgtrm@rwise of the IT procedures;
i.e. do the relatively high- and low-1Q groups shelctrophysiological differences
which might be related to intellectual differences.

As with the data from the face-stimuli, regionsraérest within the ERP data
were defined in the 4-line data using the globaltfpower plot provided in figure
16. The baseline period comprised 1000-1200ntsahtraction of 1200ms from
the stated values provides the post-stimulus dimsetof the epoch. The original
four participants with outlier IT values were agaktluded from this analysis (3
males and 1 female), as well as a further two gipetnts (2 females) due to technical

difficulties with the EEG acquisition.

Figure 16 Global field power plots for a line-stimuli ERP dat
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The GFP plot shows a clear visual difference invidugations between the

facial and line stimuli; most notably, a strongicegof pronounced differential
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activity in the P300 region of the waveform commiegat approximately 230ms

post-stimulus.

Here, 3 regions of interest were defined as spanhia following epochs :

Region of interest -1 : 1282ms to 1362ms
Region of interest -2 : 1362ms to 1432ms
Region of interest-3 : 1432ms to 1734ms.

Within the 4-line data, 30 participants were sedddtased on their APM
scores. Seventeen individuals scored 10-12, artdeh participants scored 7-4,
comprising the upper and lower thirds of the pofioités scores. Area under the
curve was calculated for all three regions of ieseand stimulus classes (1-, 2-, 3-
and 4-line stimuli), and examined via a 4 x 2 ANOW¥@mprising all line stimuli x
IQ group. No effects were present for ERP areautite curve for either IQ group
(F(1,28) = 0.187, p = N.S.), or line stimulus tyjp€¢3,84) = 0.203, p= N.S.).

Table 6 : Correlations between P300 Amplitude lher averaged line condition at Cz
and 1Q measures in the 4-Line IT task.

APMi APMii NART Full IQ
Cz All Lines | r 0.011 -0.042 -0.139
p 0.945 0.793 0.387

Within this subject group, the creation of a maxgeme 1Q-based sample
did not result in significant differences in braiectrical activity. An additional
analysis investigating McGarry-Roberts et al.’s92Pcorrelation between P300
amplitude and IQ measures was also performed, vaitktatistically significant

results.
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ERP Data from High- and Low-scoring 1Q Groups

Grand Average ERPs were computed for 18 individwéts the highest and
lowest Short APM scores (9 individuals from eaabugy, with scores ranging from
4-7 in the low group, and 10-12 in the high growgml are presented in figures 17,
18 and 19. The following plots present data frbe €z site only.

Figure 17 : Grand average ERP for 4-Line Geomelaia.
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Within the 4-line task, the two groups differetdid themselves primarily in
terms of peak amplitude at three component red@inapproximately 240ms,
400ms, and 500ms post-stimulus), although the EBB®Imologies retained the

overall characteristics of the P300 complex.
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Figure 18 : Grand average ERP at Cz for face-IK, Bkck 1.
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Figure 19 : Grand Average ERP at Cz for face-Ik,t8dock 2.
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Within the face-IT tasks, again, differentiatiomkahe form of visually-apparent
amplitude-based differences, rather than e.g.ltdpegased analyses (short PR00

220



used in Caryl, Golding and Hall (1995) and Car@94). Exploring differences
between the high- and low-APM groups, a mean aog#itvalue at 1800ms was
created (i.e. the mean of all four geometric stiraaotl the mean of all four emotional
face categories). The amplitude at 1800ms wasechdse to the apparent peak of
the Cz-site’s P300 region at that time in both fAceasks.

Although the participants differentiated themselgasShort APM scores across a
narrow range, these new mean amplitude values negrgtrikingly different per 1Q
group. Statistical tests of these values yielddg one significant difference
between Short-APM groups in Block 2 of the faced3ks (F(1,16)=6.806,
p<0.019). Here, the mean peak amplitude acrosdittmms was significantly higher
for the lowscoring group (1.79V vs. 6.0V).

A limited examination of latency effects for the®3at Cz were performed,
after Caryl’s (1994) correlation of P300 latencgad®. The P300 onset was defined
as the largest peak within 1450 — 1650ms post-#iisniom the grand averageot

individual averages; these latency values will beassarily simple due to the
practical difficulties in obtaining precise lateneglues from each participant’s
average per condition, discussed previously. @pf figures 6 and 15 contain the
face-IT task grand average at Cz for reference tlaesk figures are duplicated
below for reference). Correlations of Short-APMss and P300 latencies across
stimulus categories showed results broadly condisteéh Caryl (1994); modest
negative correlations were present between 1Q messund P300 latencies, as
shown in Table 7. This analysis, however, doedulilyt account for individual
variations in the onset times of individual avergdait reduced the determination of

onset times to a manageable level.
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Table 7 : P300 Latency Onsets and 1Q Correlation

(Pearson) Block 1 Block 2
Short-APM(ii) Short-APM(ii)
Sad
r -.251 -.303
p n.s. 0.025
Happy
r -.248 -.308
p n.s. 0.024
Angry
r -.265 -.208
p 0.047 n.s.
Disgust
r -.236 -.282
p n.s. 0.035

Correlations here were modest, and more prevatethiei second block of
stimuli, but again confirmed the applicability dietmethods; as participant IQs rose,
P300 onset times were reduced. This is similaand,consistent with Caryl’s
(1994) findings of r = -.27 with AH5 scores.

Although statistically correlated with 1Q, the P3@@set was uniform in both
blocks of the face-IT task, with neither block 13A.20) = 0.563, p=N.S.) nor block
2 (F(3,123) = 2.335, p=N.S.) showing significarftetences in P300 latency in any
emotional stimulus category. This is consistenhuhe effects of the emotional
valency present in region of interest-4 in bloaf the face-IT task. As the latency
of the P300 complex did not differ between eithecks or individuals, by
elimination, variations in area under the curveen@ost likely caused by differential
amplitude effects than by latency differences, ltexyin some effects of emotional

recognition.

Moving-Boxcar Gradient Analyses

Lastly, a more extensive gradient based-examinatidhe line-1.T. data was
conducted according to Caryl (1994). A 16-samBfa(s) moving boxcar gradient
window was computed for individuals’ grand aver&dP at all electrode sites, and
across all face- and line-IT conditions, and catesd with the participants’ Short-
APM score and inspection time value. For thiswaalton, the 9 highest-scoring

individuals (Short APM section 2 scores = >10) #ml8 lowest-scoring individuals
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(Short APM section 2 scores = 4 — 7) were useck gradient window overlapped
as it progressed through the duration of the ERRhade, separately correlating
every participant's ERP gradient over a 32ms segmvih every participant’s 1Q,

and then their IT in the following manner :

Window 1 : Compute Gradient for Oms'@ample) to 32ms — Correlate with 1Q,

then IT.

Window 2 : Gradient for 2ms 2sample) to 34ms — Correlation with 1Q, then IT.

Window 3 : Gradient for 4ms Bsample) to 36ms — Correlation with 1Q, then IT.
- and so on, throughout the entirety of each granB’8B00 samples.

The correlation coefficients were plotted agaimeetand averaged across
N=17, showing the change in gradient per window ¢ve epoch of the grand
average ERP. Data from the Cz site only is preskint figures 23-28; all other
electrode sites showed near-identical patternsnandsually apparent differences

Figure 23: Gradient and 1Q correlation over ERP Epoch aB@ie, Block 1 Faces.
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Figure 24: Gradient and 1Q correlation over ERP Epoch atie, Block 2

Faces.
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Figure 25 Gradient and 1Q correlation over ERP Epoch at@e, 4 Lines

task.
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Figure 26: Gradient and IT correlation over ERP Epoch aS@ie, Block 1 Faces.
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Figure 27: Gradient and IT correlation over ERP Epoch aS@ie, Block 2 Faces
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Figure 28: Gradient and IT correlation over ERP Epoch aSie, 4 Lines task.
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Visual inspection of the gradient correlation wimgoshowed an approximate
regular periodicity of 8-12Hz throughout the wan®st likely a reflection of alpha-

wave activity during testing. However, no specdrambvious activity in any of the

gradient windows was visually apparent in figur8s28 (or from any other electrode

site), and thus no potential ERP gradient changesifically associated with task

performance, or concurrent with ERP components ¥oened. Ideally, a region of

relatively high activity (i.e. a peak) would be raasisually prominent amongst other
instances of generally lowered activity, indicatantarger correlation co-efficient for

a specific epoch within the ERP wave. As showis, did not occur in any obvious

or meaningful way.
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Discussion

The data shows showed the participant sample (Nwd6)possessed of
above-average 1Q scores, with NART-estimated m&ascbres of 117.08.
Additionally, the mean inspection time (i.e. thegentation duration at which 85%
of responses were correctly identified) valuestierrecognition of facial emotional
expression were substantially faster (55.68msaclbll and 61.82ms in block 2)
than that recorded in ERP study 2 (121.6ms). TFheedlT task showed comparable
scores to the face-identification tasks in termstdl correct responses and IT
values. These values are shown graphically intdhan the same order the tasks
were conducted, with the first IT task (Block 1dayshowing a marginally faster IT.
Actual differences, however, were small (<7ms.)redurring theme of participant
fatigue is suspected to be present among the Keckdata — participants’ responses
slowed, or participants made slightly more errar$he task progressed.

Performance on the face-IT tasks also droppedtawey; rather than
improving due to practice, and was likely due tedness among the participants.
Performing all three ERP tasks in succession reduapproximately 60 minutes,
with the additional increasing discomfort of wegrthe EEG cap. This may also
account for the increased mean IT value for Blo¢&c2s shown in chart 1; the
second face-IT task was not substantially moredadiltf than the first, yet IT values
and total correct responses showed noticeably Isueresses and longer ITs. In
contrast, the 4-Line geometric IT task simply appddo be very difficult, resulting
in higher ITs and lower mean correct responses.

The production of the expected IQ-IT correlatiomshis study proved more
troublesome. Although precedent exists for usiegftll Raven’s APM as an 1Q
correlate in the IT literature (e.g. Bates and BRi2003, Burns et al. 1999), the use
of the Short Version APM was not wholly succesgiuhe present study —
correlations between IT, IQ and total correct res@s were present only in the first
face-IT task, and not in the 4 Line IT task. le firesent study, the Short APM was
used rather than the full battery for simple reasaipracticality; the conduct of the
entire experimental procedure required up to 12tutes, while a full APM battery
(or other full 1Q battery) would have required @a$t another 40 minutes.

Recruitment, use of available funds to pay paréictp, and total sample sizes would
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have been adversely affected by the extra timexagerimental test battery lasting
approximately 3 hours would undoubtedly not havenb&o attractive to participants
in exchange for £7, and would likely have resultethe use of a lowered sample
size.

More generally, the possibility of participants’ @hAPM scores being
adversely affected by fatigue is again a likelygotial cause for the absence of
effects in the second block of the fact-IT tasBy.the time the Short APM was
conducted, participants had completed the NARTSRE&IT, and 3 separate EEG
acquisition tasks (including EEG electrode placetnirtalling some 80 minutes; a
demanding test battery. The APM test batteryalsmuite demanding of
participants, and the Short APM slightly more smsiit is apparent to participants
that in order to finish the battery, they must ctetgpeach item in less than 90
seconds. With these practicalities and difficaliile mind, however, the participant
samples comprising N=46 and N=30 still showed titecgated negative IT-IQ
relationship within the first face-IT task — as #Qd total correct responses rose, IT
fell. This was highlighted by the high-1Q grouph@se Short APM scores were
significantly higher than the low-IQ group, and w8RdT values were significantly
faster than the low-1Q group.

Among the ERP data for the 4-Line task, the simgbst prominent peak was
a P200 component occurring at approximately 1590G@wnbined with the lower
behavioural success rate for the 4-Line stimué,dtienuated P300 region is in
accordance with Kok and Loren de Jong (1980); R80plitude is reduced when
task demands or stimulus perception are made wliffic and in this instance, quite
markedly so (Table 15.). Anecdotally, participathismselves claimed to find the 4
Line task particularly difficult, and this was canfied by their behavioural results.
Overall among the line-stimuli data, while ERPswgld some visual differences,
statistical comparisons did not differentiate 1Qugs, nor those groups’
identification of any line stimulus type.

McGarry-Roberts et al.’s (1992) relationship betw®300 amplitude and 1Q
measures was also not found in this data in anlyeothree ERP tasks, nor Caryl's
(1994) 100-200ms peak correlations with eitheriT®scores. In Figures 23-28,

constantly varying gradients were apparent througtiee time-course of the entire
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waveform, rather than at any particular momeninret Figures 23-25 (i.e. gradient
and 1Q correlations) were particularly muddled,hadpid and highly-overlapping
gradient shifts occurring throughout the wave cdntrast, slightly less activity
overall is visible in Figures 26-28 — the gradienT correlations, although both the
IQ and IT correlation plots were extremely “noisyCaryl’s (1994) findings were
generally not repeated here, although a possilgeation is the difference in IQ
measures. As noted previously, the presence aiy®sorrelations in the present
study between IT and IQ measures were somewhatsigtent, perhaps due to the
use of an abbreviated IQ test battery. Caryl (J@@dployed a full Alice Heim 5 1Q
battery, which, when used in ERP study 1 in thesgmeseries, resulted in stronger
and more prevalent associations with IT measuias tine Short APM used in the
present study. Again, although practical and gaheconsidered to be a useful
measure of “g”, the Short APM did not generate stlaffects when used in this

manner.
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CHAPTER 10
CONCLUSIONS

A brief summary of the present series of studiggesented :

Study 1
Study 1 (N=40) served as a pilot study, evaluativegpracticalities and

difficulty scaling of the E-IT task for later EREsting. Using human faces in
contrast to the traditional pi-figure, and in thtsdy examining the participants’
ability to discern gender rather than emotionalreggion), Austin’s (2004, 2005)
face E-IT task generated a psychophysical curvie antearly, and sustained plateau
of correct responses, although participants se¢mind this initial variant

extremely easy. No gender differences were obdetueng this study.

Study 2
Study 2 (N=46) modified the E-IT task to accommedae first large-scale

ERP acquisitions in response to this task, andtalexamine the task’s ability to
discriminate between emotions in the stimulus fdaas ERPs. Changes were
made to the presentation durations to make then@sk demanding, with
participants required to discriminate between glgagnd neutral facial expression.
Participants possessed above-average 1Qs, andrgéifideences among the sample
were again found to be absent in IQ and El measurke expected negative IT-1Q
correlations were present (e.g. Nettelbeck 19&&lf-report EI scores, however,
were found to be marginally positively correlatedhwT, and negatively correlated
with 1Q — speeded apprehension does not appea aoccbmponent of emotional
intelligence as measured by the SREIT inventoriRPEindings from this study
revealed the presence of a wave complex comprispr@minent deflections,
including P100, N170 and P300 components; the poesef the P300 component
was confirmed by the rise of amplitude from thenfrto the rear of the scalp. This
ERP morphology is extremely common in the cogniltRP literature, and was
interpreted as further indicating the success efttélsk in evoking directed cognition.

Effects due to differences in emotional expressibtine face stimuli in these data
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were weakly present only among males in the easigion of interest (around the
P100 region), but more strongly among the wholeptamuring the N170 to P300
region. Happy facial expressions generated laaggas under the curve than did
neutral expressions. Some correlations betweendge&kent and participant 1Q
were present when the sample was divided into tagd-low-1Q groups; gradients
were larger (steeper), and occurred earlier amioadpigh-1Q group. The high- and
low-1Q split was conducted after prior studies bgidssen et al. (1988) and Shagass
et al. (1981), who found that differences in IQeftected by ERP were subtle, and
frequently masked by normal variance shown bydltgraveragely intelligent
individuals. By removing participants scoring iretmiddle of the 1Q range within a
study, the normal extremities of the 1Q range dréa@usly made more apparent, but
importantly, e.g. the IT-1Q correlation is maintagh demonstrating that the
relationship between stimulus presentation timespanticipant intellect is not a
spurious finding, and that therefore the high- lwa1Q split does not notably affect
IQ-related phenomena. The association of gradmasures with 1Q is perhaps the
only robust relationship discovered so far in tfRPEQ literature (Zhang et al.
1989a,b; Caryl et al. 1994, Morris et al. 1995halgh these four studies present
relatively isolated findings — there has not beercimattempt to replicate these

results.

Study 3
This study (N=10) re-evaluated the facial E-IT magkechniques. The ERP

acquisitions in use in the present series of stualie sensitive to individual
differences in different ways from behavioural ®sknd potential confounds in ERP
components between stimuli and the backward mas& passible. As the target
stimuli were presented for very brief periods aiféi(not more than 120ms), while
the backward mask was presented for several humditkseconds (up to 800ms
across studies), the possibility arose that ERporeses would be evoked by the
mask to a greater extent than by the emotionakfa@eéithout explicit segregation
and testing of mask types, it would not be posdiblgistinguish deflections due to
the stimulus face from those due to the backwarskm# new, non-face mask was

created and presented in a non-IT emotional ideatibn task to a small participant
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group to examine electrophysiological effects betwmask types. The ERP
waveforms generated in Study 2 were replicatedrerail morphology, as were
inter-electrode effects. Effects arising from thasks, however, resulted in visually
obvious differences in the waveforms, but theseat$fwere not statistically
significant (using area under the curve as the Dand no differences attributable to
stimulus emotional expression were observed. Buween non-face mask was used

throughout the rest of the studies to avoid anyriitonfounds.

Study 4
Studies 4 and 5 (N=50) involved separate analykdata on responses to faces and

to line-IT stimuli collected in a single sessioraiving three E-IT tasks and three
psychometric scales. Study 4 examined effectsectl@ EI and stimulus emotion
from two face-IT tasks. Inspection times in thisdy were approximately 50-60ms
faster than in Study 2, demonstrating the limitagiof comparisons with IT values
across studies. Correlations between participhantd SREIT scores were not
prominent, with only two of the three IT tasks slogvany relationship at all, and
only with a single El factor (utilisation of ematig) in terms of either IT or total
correct responses. A different El factor, moodutagion, showed positive
correlations with 1Q (Short APM), but again, retetships were neither strong nor
prevalent, with only one IQ measure showing sigatiit results. Results were
consistent with findings from study 2, howeverthat the relationships remained
positively correlated, indicating a lack of any sged cognitive factors. These
correlations were strengthened in an analysisdbraipared high- and low-scoring
groups, generating correlations with more sub-fgotd the SREIT, and could
indicate that intellect is influential in SREIT $es among extreme-scoring groups
(precedence for the high- and low-1Q group splieigrenced previously, see
Josiassen et al., Shagass et al, and Zhang eE&R. waveforms here replicated the
morphology of the waveforms found previously ind#s 2 and 3, and waveform
amplitude variations across emotional categorie® wisually apparent. Effects of
stimulus emotional expression were much more peexdhan in previous studies.
In the first block of the face-IT task, comparisdneween disgust vs. happiness, and

anger vs. sadness were not statistically signifidaut other comparisons remained
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So after stringent statistical correction. The bemof comparisons between
emotional categories that reached statistical Bogmce was reduced in the second
block of the face-IT task 2, where participantdag was suspected to have been

influential.

Study 5
Study 5 examined effects related to 1Q in the 4ighél task in Study 4.

Participants found the 4-Line IT task substantiablgre difficult than either of the
face-IT tasks. Although direct statistical comparis between the face- and 4-line
IT tasks are inappropriate owing to the fundaménthfferent tasks involved, visual
examinations of the IT curve and ERP responses passible. Phenomena related
to IT remained consistent — when divided into highd low-1Q groups, the higher-
IQ group scored more highly and showed more rapscH a finding consistent with
the IT-IQ relationships demonstrated previouslythrs/whole population sample.
Males showed significantly better performancesmms of IT and total correct. The
Short APM IQ test used in this study generateds$gmificant associations with IT
when the literature shows that the full versiogeserally more effective (Bates and
Shieles 2003, Burns et al. 1999, Morris and Alct®a5). Pronounced differences
were present in the ERP waveforms between thelfaeed 4-line IT tasks; the 4-
line task generated markedly fewer visible ERP comepnts across electrode sites,
with only anterior sites showing clearly definedEER Limited effects related to 1Q
were present among the ERP data, including a teydershow shorter latency
onsets in the P300 region with increasing 1Q. yda-scale analysis attempted to
replicate Caryl's (1994) gradient-based correlatianth 1Q, but found no effects.
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Inspection Time Findings

Throughout the present series of studies, the ifa¢ask consistently showed
correlations between the AH5, NART, and Raven’sr6ABM measures of 1Q and
either inspection times, or total number of corresponses, and these correlations
provided evidence of the basic methodological ss&oé the tasks throughout. The
established literature on inspection time shows e a robust phenomenon in
human cognition, and one which is strongly linke&iiq (e.9. Sheppard 2008) but
one which as yet lacks a comprehensive explanafitime underlying mechanisms.
The IT-1Q relationship has been variously regardedn index of human perceptual
intake abilities (Vickers 1970), a speeded percdptagnitive phenomenon arising
from core intellectual abilities such ggNettelbeck 1994, 2001, Vickers and Smith
1986, Kranzler and Jensen 1989), and as a taskiethwtelligent individuals
quickly develop successful strategies (Deary @01, McCrory and Cooper 2007).
The inter-relation of all these explanations witthe basic IT methodology,
however, creates great difficulty in separatingsghphenomena from each other,
resulting in no simple or entirely convincing expddion of the basis of the IT-1Q
correlation. As noted by Mackenzie and Binghan8g)@nd Stough et al. (2001),
the ad-hoc development of cognitive strategiesdjigpants can weaken (but
usually not entirely eradicate) the IT-IQ corredati which could be interpreted as
being inextricably linked with general intellectweddility. Because the IT-1Q
correlation can be reduced by deliberate cognéotevity, it is therefore potentially
not solely an index of innate, biological ability, @ag. speeded neural transmission
would be a lower-level function of the nervous systwhich could not be
consciously controlled. The alternative theoryt tha IT-IQ relationship is due to
innate limitations in individual rates of visualpaphension is popularly regarded as
insufficient. Studies of nerve conduction velodi§CV), nerve myelination, and
ERP latency (Reed et al. 2004; Haier 1993; ShuaaddHorn 1972) could be
interpreted as lending some, if inconsistent ewiddo the notion of speeded
perceptual apprehension at the physiological lexdthough the inconsistency of
NCV and ERP component effects is problematic, tieye nonetheless been seen to
vary in the manner of individual differences, andhe case of NCV, due to gender

differences. It may be the case that some interabetween certain very low-level
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physiological phenomena and an individual’s coemegal intellectual capacities
dictates their relative success or failure at théakk. As an argument, however, this
notion is open to the criticism that low-level nemng physiology and core intellect
are capable of influencing almost every other psiggjical phenomenon in
existence, and this argument potentially says elemy and nothing. Future
directions for the IT task have centred upon theafsnewer stimulus forms,
including the main stimuli themselves (e.g. McRang Cooper’s 2007 coloured
circle variants) and mask types (e.g. Evans anteNvetk’s (1993) “flash mask”

with the lightning-bolt feature), but it remainsalear as to how the use of alternative
stimuli without modification to the task would raleanything fundamentally new -
essentially, psychology needs a different methoekaimining the processes of rapid
apprehension where the task, and intellectual aviddical individual differences

are less tightly intertwined.

The IT task methodology both within the literatared in the present series of
studies nonetheless works very reliably with vagistimulus forms, whether they
are geometric figures, human faces, coloured getrsttapes or auditory sounds;
the present series of studies have shown it tadigyhrobust through the use of
newer stimulus forms and various different measafé®. Within the present
series of experiments, the primary use of the ¢k taas as a vehicle for the

acquisition of ERPs.
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Emotional Intelligence Findings

Findings from the SREIT throughout the presenesesf studies tended to
show the presence of effects related to UtilisatibEmotions (Study 2) or
Utilisation of Emotion andMood Regulation (Study 4). The pattern of reswidés
inconsistent, however, in that the findings in §tddvaried markedly when the high-
and low-1Q split was performed. Both of these dastwere consistently found to be
correlated with IQ measures known to measgur@revious literature in the El field
suggests that some correlations with personalitialobes and trait EI are expected
(Dawda & Hart, 2000; Saklofske et al., 2003; Vam Ree et al., 2002), but
measures of trait El showing significant assocraiwith IQ are unexpected (rather,
ability-based El tests such as the MSCEIT are depleo correlate with intellectual
ability; Mayer, Roberts and Barsade 2008; Robdréd. 2007). Correlations
between El and IQ in the present series of studére also more numerous when the
participant group was divided into high- and loveisieg groups in Study 4.
Although this division could be interpreted as poily skewing other results
related to 1Q, a true and discriminant El test $thdne only minimally affected
unless trait El and 1Q are more closely related {w@viously thought. There are
potentially several explanations for this occuresre substantial involvement of 1Q
in the SREIT’s underlying constructs; the existeotmore serious flaws in the
discriminant validity of the SREIT; the use of argde which was insufficiently
large for a full examination of this inventory (eerhaps biased towards the presence
of above-average intelligence), or (and perhaps ldaly) a new and valid
association between high-1Q and trait emotionaliigence. Correlations with the
SREIT and IT, however, were logically consistehgwing that individuals with
longer emotional inspection times also tended te@Hagher total EI scores. This
does not sit entirely well, however, with the fdzat the population samples
employed here were of above-average intelligerttanang NART Full-Scale 1Q
estimates of 119 and 117, and such participantsdraaincomitantly be expected to
(and actually did) show generally lower, rathemth&her inspection times.

This combination of logical associations with erooél IT, and consistent
negative correlations with 1Q would seem to poiatimy towards the SREIT as

either an inadequate psychometric instrument, mresother problem within the
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distinct participant samples involved here. Insidaring these options, it would
seem that SREIT is both unreliable and non-discratary as a test of “emotional”
intelligence, due both to an incomplete definitadrihe trait itself, and apparently

weak discriminant validity in the SREIT.

ERP Findings
ERP findings from the present series of studiesvskoa high replicability in

overall wave morphology — the P100, N170 (or N2@® P300 components were
present in all cases. In the case of the presmmssof studies, the basis of the
emotional discrimination between the Ekman facesb#&sed around internal
prototypical expressions held by the participah&sriselves - i.e. although emotional
facial expressions are naturally idiosyncratic mme degree, the prototypical
expressions held by observers of these expressimnisusly allows the expressions
to be unambiguously identified. Although the papants were not primed to
identify the stimulus faces, task performances scistudies were typically highly
successful and beyond chance levels.

Although effects of stimulus-face emotion were gytonounced in Study 4,
the waveforms showed that the morphology is neifieeticularly distinctive nor
unique throughout the present series of studied,the pattern of components is
potentially indicative of many other cognitive tadkom the ERP literature. In this
sense, the task of identifying emotions in humaed$aappears to be little different
from any other task which involves discriminatioetween other forms of stimuli.
Differences between the waveforms evoked by thengéiic 4-Line IT task and the
face-IT task are presented in Study 5 in subtracéind overlay plots, and despite
obvious visual differences in some components wbeerlaid, in isolation, the
overall pattern of deflections is broadly very dami— a P100.N200- P300
complex arises from each task - and also in thelfianethodology used in Study 3.
From the present series of studies, the discrinanaif happy stimulus faces tended
to evoke larger amplitudes and areas under theedinan did any other emotional
categories in both Studies 2 and 4 (face-IT taskStudy 4 showed a continuum of
increasing amplitudes and area measures from (@shall

Anger- Sadness Disgust- Happiness (largest). This pattern was not wholly
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consistent, however, as during Study 4’s secone-Fadask, the pattern changed to
Sadness Anger- Disgust- Happiness (i.e. Sadness evoked larger amplitudes th
Anger).

From these results, it would seem that classifioadf stimulus-face
emotional expressions using ERPs is not possiliteowi prior knowledge of the
stimulus categories. Without this knowledge, ladlttcan be stated from the ERP
data is that participants were awake, alert, atel tabdiscern some differences
between the stimulus categories, but that the laiaictrical activity underlying their
responses does not reveal anything except vamgdmie ubiquitous
P100- N200- P300 complex. As stated, the task of detectimgudtis differences
makes the emotional face-IT not dissimilar to mather tasks used in cognitive
electrophysiology, and implies the use of similagmitive evaluation processes
across many forms of stimuli. The inconsistent(arainly absent)
electrophysiological findings related to individsidlQ would indicate that either the
present task methodology is inadequate to reveaél@ed differences (although
Caryl (1994) also used IT methodologies), or thatdoal of understanding 1Q-
related differences remains resistant to deteetitin ERP methods. The previous
literature in this field shows highly equivocal uéis, and the concept of I1Q-based
differences in ERP may be something of a pipe-dream

These difficulties, caveats and general findingdadde interpreted as
reducing the usefulness of ERP work in further igsidcross many different
domains, as ERP techniques are time-consumingptzment and subsequently
analyse, and which are also extremely likely teeed\an already familiar pattern of
responses (i.e. a RIN2 -, P3 wave complex) than anything truly novel. This
researcher also feels that this lack of genuineipin the evoked potential
literature indicates that ERP as an investigatohnique is now reaching the limits
of its usefulness. What may be more salient asdang is the fact that the
P1-N2-P3 complex is so readily replicable, and so prexaenong the ERP
literature as a whole. Clearly, this pattern @ibrelectrical responses constitutes a
fundamental aspect of the brain’s normal functigragross various circumstances,
and its links with e.g. the updating of short-terremory (Courchesne et al. 1975)

probably has implications for moment-to-moment ¢tign; the P300 can be likened
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to an electrophysiological reflection of momenta@ment snapshots of sensory
input, where short-term memory components are coally evaluated for new,
contextually salient features in the environment.

It would appear this pattern of ERP activity is eoon among individuals
who are normally healthy, awake and alert to teeiroundings. Further work in
ERP responses to stimulus habituation may be muek mformative than the
typical gamut of cognitive experimentation involgithe detection of differences
Researchers may have more to learn about how &lettrical activity reflects either
similarity, or possibly boredonthan how the brain detects novelty
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Appendices

Appendix 1 : Stimulus faces used in the presemeser

Study 1 and 2:
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