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Iepiinyn oo eAdnvika

ApPKETEG £PEVVEG GTOV TOUEN TNG PUCIOAOYIKNG YNPOVONG KOl TNG EMIOPUONG TS OTNV
KOW®VIKT vONoTn onuei@vouy ®¢g mlavn aition g peiowong tov 0elotitov autdv TV
00T KoAOVpEVN «wmdbeon Tov peTOTOiov AoPov». ZOUEmVE pHE TNV TPOEPNUEVT
vdbeon N eMIOPOACN TNG PLGLOAOYIKNG YNPOVONG OTIS YVAOOTIKEG 0eEIOTNTES YEVIKOTEPQ
KOl OTNV KOWMOVIKT vOnon €0k0TePp 0peileTal o€ OLGAEITOVPYIEC TOV evToTmilovTOol GTOV
petomiaio AoPo, meployn mov Bewpeitar OtL emnpedletol evopitepo amd GALeG Katd T
@uooAoyikn yipavor. Tavtdypova dpms, apkeTd cLYVA, TOPOVGIALETOL TO PUIVOLEVO L0
opdo0 NAIKIOUEV®V VoL atodidEL TKAVOTOINTIKA GE S1apopa YVOoTiKA Epya. To pavouevo
avtd eEnyelton p€ow NG «vTHHECNS TS AVOTANPOOTG», COUPMOVO LLE TNV 0Toia, 0 AOYO0G
OV GLYKEKPLUEVOL ATOUO SLOTNPOVV QLENUEVES TKOVOTNTES KOTA TV EKTEAECT] SLAPOPWOV
YVOOTIK®OV €pywv €lvor 1 evepyomoinotn OlPOPETIKOV TEPLOYDV TOV EYKEPAAOV KoL
GUVETAG 1| EVEPYOTOINGT) EVOAAAKTIKOV TPOT®V EKTEAECTG TV £pymV avtmv. Ot Bempieg
avtég oxetiCovror kot pe TS épevveg mov OeEdyoviar oto mAaicto g Bewpiag Tov
YVOOoTIKoL amofépatoc. e O,Tt aeopd TNV KOWMVIKN VONOT, €KTOG TOV TIO0 TOVE®
vrofécemv, £xel Kataypapel G€ APKETEG EPEVVES TO PALVOUEVO Ol YNPULOTEPOL EVIIAIKEG VL
unv mopovctdlovy dVOKOAMEG GTNV avayvdplon BeTiKd QOPTIGUEVOV GUVOLGONUATIKOV
EKQPACEDV, &VO TOPOoVoldlovtaol SVOKOMES OV AVAYVOPIST) TOV  OPVNTIKOV
CUVOICONUOTIKOV — EKQOPACE®Y, KATL 7oL ovopdletor ouvnO®G  «POVOUEVO  TNG
DeTOTTOG) KATA TN QUOIOAOYIKN YNPAVOT. AVTN 1 TAPATAPNCN GLVOEETOL GLYVA LE
UNYOVIGHOVS KIVITPWV TV emMpedlovv TNV TPOcOoyN HE TPOTO TOL UETOQEPETAL GTO
Beticd cuvaicHN AT, OMHOVPYDOVTAG £TGL EVOV UNYOVIGLO TPOGAPLOYNG.

2KOmOG aVTNG TNG HEAETNG MOV VO EEKIVIIGEL £VOL GUGTNUATIKO EPEVVITIKO TPOYPOLLLLLOL
YLOL VO YEQUPADGEL TO EPELVNTIKO YAGHO HETAEH GUUTEPLPOPIKADV KOl NAEKTPOPLGIOAOYIKMDV
GUVIOTOUEVOV TNG KOWMOVIKNG VOGNS OTN QUCIOAOYIKN YPOVOT HEG® TNG dePEdVNONG
TOV NAEKTPOPVGIOAOYIKDV GUVNGTAUEVMV TG KOWVMVIKNG VOGNS GE VEAPOVS EVIAIKES Kol
(QLGOAOYIKE YNPACKOVTES EVMKES TAV® TV 65 £TMOV.

[ao Toug oKomovE VTG NG HEAETNG, OLO OUAOES GUUUETEYOVI®V, 28 YNpotdTEPOL
evMkeg Kot 27 vedTEPOL EVIMKEG UE OTOOLUCUEVA ONUOYPAPIKA YOPOKTINPIOTIKA GTO
QOO KOl TO XPOVIKL EKTOIOEVONG, €EETACTNKAYV GE 0. GEPE OO VELPOYVOOTIKEG
OOKIHLOGIEG KOl OOKIHAGIEG KOWVMOVIKNG VONONG, OTMG KOl G VO TEPAUATIKA £pya, €val
£PY0 avayvaplong GuvVolsONUATIKAG €KEPOOoNG OTO TPOCMOTO, Kol £va £PY0 OLAKPLIONG
YLOOUOP, HE TALTOXPOVEG MNAEKTPOPUCIOAOYIKES WETPNOELS. Atlevepyndnkav Ttéccepa

SLPOPETIKA TTEPALATA Y10, VAL EEETACTOVV 01 BOCIKES VITOOEGELS TG £PEVVOG.



Y10 melpopo 1 e€etdoTnroy ot dtopopés HeTald TV NAIKIOK®V OUAd®V GE £PYa TOL
LETPOVV VEVPOYVIOOTIKEG AEITOVPYEIES OMMG EKTEAECTIKEG AgtTovpyieg, epyalOpevn Uviun
Kot YAOOOIKES 0E10TNTEC OAAGL KOl €pY0 KOWMVIKAG VONONG, Kol OLO TEPUUOTIKOVG
GYESIGLOVG - OVOYVAOPIONG GLVOLCONUATOV Kol KOWOVIKNG epunveiag/ aviiAnyng tov
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TapOpoLo EMIB00T 6€ YAMGGIKA £PYa KOl OTIC 0OTEIES YEAELOYPOAPIES.

210 melpopa 2 ot MMKIOKEG opades €EETACTNKOV OE £V TEPAUATIKO OYEOOOUO
aVaYyVAOPIoNS CLVUGONUATIKOV EKQPPACEDY GE PMTOYPOPiEG HEG® NG péTpnong tov N170
TPOKANTOO duvapkoy. OAOL Ol CUUUETEYOVTEG €YV OMUOVTIKA WYNAOTEPH TAATY
taddvioong oto N170 oe omicbieg tomobeciec miextpodiov oTIc un YopoOUEVEG
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AVOTAN POGCTC.

210 meipapo 3 ot MAMKIOKES OpAdeS €EETAOTNKAY O £V TEPAUATIKO GYESAOUO
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niextpodiov povo ota un aoteio epediopata. H evepyonoinon ot 6éAta cuyvotnta frav
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Abstract

This dissertation was informed by three prominent theoretical frameworks relevant
to brain aging, cognitive aging and Social Cognition (SC). Existing literature has demon-
strated that the effects of normal aging on SC could be explained by the “frontal lobe de-
cline hypothesis”, a notion which states that the impact of biological aging can be initially
detected in functions modulated by the frontal lobes. This hypothesis was combined with
the “compensation hypothesis”, which refers to the brain’s ability to compensate and per-
form well during cognitive tasks by activating different brain parts, a very common obser-
vation in aging. Complementary to the above, previous research has identified a “positivity
effect”, where normal aging adults do not show a decline in perceiving positive emotions,
while this decline is observed when facial expressions are negative, a phenomenon at-
tributed to an attentional bias on positive stimuli related to motivational mechanisms.

The principal aim of the study was to begin a systematic research program in order
to bridge the research gap between behavioral and electrophysiological components of SC
in normal aging, by investigating the electrophysiological correlates of SC in young adults
and in normal aging adults over 65 years of age.

Two groups of participants, 28 older adults and 27 younger adults matched in gen-
der and education level, were tested on a series of neurocognitive and SC tasks. Addition-
ally, they completed two experimental tasks, facial expression recognition and a humor
discrimination task, while simultaneously being measured by EEG. Four different experi-
ments were conducted in order to test the major research hypotheses.

Experiment 1 tested the differences between groups in behavioral measures of neu-
rocognitive functions namely executive functioning, working memory and language abili-
ties as well as SC, emotion recognition tests and social inference/humor perception. Older
participants had significantly lower performance in Executive Functions (EF), working
memory and emotion recognition tasks, but could perform equally in language and humor
perception tasks in images that contained a funny element.

Experiment 2 tested an emotion recognition in still faces experimental paradigm
and the N170 ERP component in the two age groups. All participants had significantly
higher N170 amplitudes in posterior electrode sites in all-but-joyful items, but all-but-
joyful faces yielded as well lower accuracy and bigger differences in some sites for older
participants. Older participants also had higher amplitudes in frontal electrode sites in the

150-200 msec time window, indicating compensational processing.
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Experiment 3 tested a humor discrimination experimental paradigm with a time
frequency analysis. Older participants had significantly lower accuracy and significantly
higher delta band activation in frontocentral electrode sites only in non-funny items. Delta
band activation was also significantly higher in right posterior electrode sites for older
adults, and these distinct electrode site groups were also verified by a factor analysis.

Experiment 4 integrated the findings from the previous three experiments. Results
showed that SC performance was mostly related to executive functioning performance.
Furthermore, the positivity effect in emotion processing was related to the complexity of
the task and that the humor discrimination paradigm was more related to executive func-
tioning performance than language performance.

This study attempted to bridge the research gap between behavioral and electro-
physiological components of SC in normal aging and connect them to the basic hypotheses
in brain aging. In addition to deepening our understanding on the subject, results from this
study pave the way for further studies in this area. Theoretical hypotheses on brain aging
have been partially verified by this study, specifically the frontal lobe hypothesis, compen-
sation hypothesis and lack of inhibition hypothesis. Moreover, this study offers a different,
and simpler, explanation of the advantage of processing positive facial expressions for the
elderly, relating it to the developmental establishment of positive expressions processing.
Finally, the study provides information on the association between SC and cognitive abili-

ties in adulthood.
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Chapter 1:
Literature Review

This chapter begins with a literature review on Social Cognition (SC), neurocognitive
functions and brain aging. It then proceeds to introduce the reader to the four experiments and

associated research hypotheses.
What is Social Cognition?

Social Cognition (SC) consists of a set of primate or human-specific skills that are essen-
tial for social interactions. SC abilities emerge very early in childhood and continue to devel-
op throughout adulthood (Adolphs, 2001; Frith & Frith, 2007). While SC research has been
gaining ground in the past 15 years, a number of questions are still unanswered. Additionally,
despite the proliferation of neuropsychological research in the area of cognitive aging, re-
search in the area of SC and aging is not systematic and is largely inconclusive. This is sur-
prising considering the impact of SC on quality of life (see Metaxas, 2015). The present study
is an effort to remedy some of the gaps in the existing literature. Its aim is to initiate a sys-
tematic research program that can bridge the research gap between behavioral and electro-

physiological components of SC in normal aging.

Emotion recognition, the ability to process information originating from different chan-
nels, such as facial expression, voice, prosody and linguistic context, and the ability to inter-
pret or infer other people’s mental states, thoughts and feelings (Theory of Mind, also known
as ToM or mentalizing ability) are considered key aspects of SC (Davidson, Scherer, &
Goldsmith, 2009; Frith & Frith, 2007). SC has received a considerable attention in the clini-
cal literature over the past few years and has been linked to impaired functionality in a num-
ber of neurological and psychiatric disorders (autism spectrum disorders, schizophrenia, Par-
kinson’s disease (PD), and various forms of dementia including Alzheimer’s disease
(Bertrand et al., 2008; Kurtz, 2011; Lough, Gregory, & Hodges, 2001; Saltzman, Strauss,
Hunter, & Archibald, 2000). Impairment in SC significantly interferes with social integration
and quality of life in the aforementioned clinical populations.

SC combines emotional recognition (being able to recognize emotional responses) with
elements from Theory of Mind (being able to draw conclusions about other people’s mental
states), providing a tool that can facilitate social cuing and interaction. Penn et al (2008) state

that SC research shares four common features. The first feature is the “mentalism” that stems
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from SC, i.e. the prior knowledge stored in schemata that indicates social attitudes or meta-
cognitive experiences. A second feature of SC is that it is process-oriented. Measurements
and experimental settings have to be well defined if they want to provide internal validity.
Third, SC is a discipline characterized by interdisciplinary approaches. SC lies at the intersec-
tion of social psychology, cognitive psychology, developmental psychology, clinical psy-
chology and neuroscience. Finally, SC researchers are concerned with real-world applica-
tions. Research in SC should ensure highest ecological validity and be applicable to clinical
or real-life settings (Penn, Sanna, & Roberts, 2008).

How does the literature define a SC process? What functions are necessary for complex
social situations to be processed? First, social “data” have to be received and identified. Func-
tions involved in this process can be grouped into two interrelated categories: a. emotion
recognition and other non-verbal social cuing, and b. language-related social cuing recogni-
tion, such as the subtle use of language in sarcasm and humor, otherwise known as language
pragmatics. The existing research on emotion recognition is vast, primarily in the
developmental literature. The first signs of emotion recognition can be observed the first time
an infant recognizes a smile and its mirroring. The smile, a sign of security and growth for an
infant, plays an important role in its development (Strathearn, Li, Fonagy, & Read, 2009). As
the human grows older and the brain undergoes morphological and functional changes, the
ability to recognize a smile is maintained. Studies have demonstrated that the ability to rec-
ognize positive emotional expressions remains intact through older adulthood (see below).
This phenomenon is consistent with one of Vygotsky’s (1978) central tenets: that what is

built early in development decays last.

Another explanation, the ‘positivity hypothesis’, proposes motivational reasons for this
cognitive filtering or so-called “cognitive bias” towards positive emotions. The “positivity
hypothesis” in aging is believed to be a coping mechanism that allows us to perceive emo-
tional expressions as more positive than they actually are (see more on this below in the SC
and aging section). The ability to interpret facial expressions is associated with community
functioning and social skills. Two longitudinal studies found evidence that emotion percep-
tion was predictive of functional outcome in later stages of life (for a review, see Couture,
Penn, & Roberts, 2006).

Receiving and identifying social signals is one basic function of SC. But how these sig-
nals are processed involves other abilities that fall within the SC spectrum. Social inferencing



is a basic ability developed early in life to make inferences by observing the behavior of oth-
ers (Frith & Frith, 2007). In cognitive development, SC reaches a point where the developing
human being can use social signals to deliberately influence mental states in others (Frith &
Frith, 2007). In order for this to happen, one must be able to understand that while one person
is experiencing one mental state, another person may be experiencing another. Once this is
established, certain behavioral results may be observed, such as the ability to lie, i.e. to pre-
tend you are in a certain mental state in order to influence the mental state of others. This
milestone in cognitive development enables humans to receive information in structured so-
cial situations like formal education (Frith & Frith, 2007). In the literature, this is often called
Theory of Mind, which falls under the umbrella of SC. Neurodevelopmental conditions like
autism spectrum disorders cause significant disruption of this social-cognitive ability, result-
ing in associated communication, language, and cognitive decline (Davidson et al., 2009;
Ecker et al., 2012; Williams, Whiten, Suddendorf, & Perrett, 2001). In cases of autism, “the
mirror neuron system” (Williams, Whiten, Suddendorf, & Perrett, 2001)—a specific system
of neurons located on the frontal lobe—is believed to be impaired (Ecker et al., 2012,
Lombardo et al., 2010). When damage to this system occurs, an imitative disturbance disrupts
social inferencing. This condition is characterized by a serious decline in social abilities
which in turn can lead to a cascade of developmental impairments known as the clinical syn-
drome of autism (Williams, Whiten, Suddendorf, & Perrett, 2001).

One important area of language associated with SC and the social use of language is
pragmatics. By age three, children learn to incorporate contextual and social cues and alter
their language/communication code based on their needs of other communicators. This skill
continues to develop during the school years and reaches mastery by the end of adolescence.
Pragmatics include both verbal and non-verbal communication abilities like indirect lan-
guage, social cueing, and communication repair strategies. Language pragmatics includes the
ability to understand ambiguous messages, emotional states, or to use and/or to interpret hu-
mor appropriately. Not all humor has a “mentalizing” component, meaning an extraction of
meaning within words or other stimuli (Forabosco, 2008), but for the purposes of this exper-
iment, only such instances of humor will be examined. The ability to interpret and use lan-
guage and to be an effective communicator is closely connected to SC abilities, although it
isn’t always considered a part of SC theoretically due to the distinct brain circuits involved in

language processing (Frith & Frith, 2012).



SC is a theoretical concept that describes a set of cognitive abilities used in social interac-
tion. The relationship between neurocognitive and psychological functions and SC is critical
for the present study in so far as it aims to explore the relationship between neuropsychologi-
cal changes associated with normal aging and SC.

SC and neurocognitive functions

Contemporary research reveals that SC depends on a set of cognitive-linguistic skills
(Fiske & Taylor, 2013), including executive functioning, working memory, speed of pro-
cessing, language (i.e. comprehension of abstract language, such as metaphors and humor,
and social use of language), interpretation of social situations, and perspective taking (as in
Theory of Mind or ToM). Given the complexity of functions involved in SC abilities, de-
clines in this area have been linked to a number of psychological and neurological disorders.
As a result, SC is gaining ground in applied psychological practice because it can contribute

to the early detection, diagnosis and subsequent treatment of neurobehavioral disorders.

SC is related to executive functioning (EF), a multidimensional construct. The literature
suggests that executive functioning can be conceptualized as having four components: voli-
tion, planning, purposeful action and effective performance. All are necessary for appropri-
ate, socially responsible and effectively self-interested adult conduct (Constantinidou,
Wertheimer, Tsanadis, Evans, & Paul, 2012; Lezak, Howieson, & Loring, 2004). EF impair-
ment is usually attributed to damage to one of the primary frontal cortical-subcortical net-
works (Lezak et al., 2004; Stuss, 2011). Impairment could result in failing to inhibit emotions
and needs in order to effectively apply social inferencing, social signaling and other SC abili-

ties.

Social inferencing is also affected by subcortical pathways through the amygdala and
limbic system, which are important neural pathways for the processing of emotional stimuli
and for emotion recognition (Le Doux, 2000). Emotion recognition is an important compo-
nent of complex social inferencing and is relevant to humor perception (Wild, Rodden,
Grodd, & Ruch, 2003). It is inevitably mediated by EF in its everyday use through the coor-
dination of complex language processing, social inferencing, such as intention inferencing,

and emotional processing.

Apart from executive functioning, SC is also closely associated with language perception
and language abstraction. Language use that conveys social information is not perceived ef-



fectively by clinical populations with significant impairments in SC, including dementia, ac-
quired brain injury, autism and schizophrenia. This explains why socially sophisticated lan-
guage use that involves metaphor, sarcasm or humor is generally deficient in patients with
these conditions (Covington et al., 2005).

Humor perception is thought to be based on a resolution of a cognitive ambiguity or the
detection of an incongruity (Attardo, 1997; Feng, Chan, & Chen, 2014) proposed a three-
stage model where the humorous element is identified after the incongruity is discovered.
More specifically, the three-stage model suggests that there is an “incongruity” phase where
the brain is searching for alternate language meanings. This phase is followed by a “resolu-
tion” phase where the meanings are encountered (Attardo, 1997), a function that is support-
ed by a number of electrophysiological studies (Vaid, Hull, Heredia, Gerkens, & Martinez,
2003). The neural underpinnings of this mechanism have been examined in some studies and
indicate that the reward system of the brain (flowing from the amygdala to the cortex) may be
involved in ambiguity resolution (Wild, Rodden, Grodd, & Ruch, 2003). However, humor

processing is mainly linked to the temporoparietal junction bilaterally (Du et al., 2013).

Temporal-electrophysiological components are also involved in SC. Studies using the
EEG method, discussed below, have been investigating components of SC in different exper-

imental procedures and time windows.
Electrophysiological components of SC

As far as electrophysiology is concerned, SC studies have investigated two processes:
emotion recognition and social inferencing. The N170 is an electrophysiological component
that has been researched extensively during static emotion recognition tasks. The N170 is a
negative oscillation that manifests itself in the 140-to-180-msec time window in the posterior
superior temporal sulcus region (STS) and is mainly believed to be sensitive to structural as-
pects of facial stimuli. Some studies suggest that it is also modulated by facial expression
processing, which involves neural circuits that are separate from the visual encoding net-
works activated by SC (Blau et al, 2007). These ERP correlates of emotional face processing
in mainly still photos are thought to reflect activity within a neocortical system where emo-
tional processing is generated in a task-dependent fashion for the adaptive, intentional control
of behavior (Eimer & Holmes, 2007). In general, facial expressions and emotion decoding are
considered to be processed in later time windows, such as the N270-400msec time window,

where the decoding of a mental state could occur (Eimer & Holmes, 2002; Sabbagh, Moul-
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son, & Harkness, 2004). The N270 is also reported in other studies even when the N170 does

not seem to be modulated by emotional expression (Holmes, Winston, & Eimer, 2005).

Social inferencing is the second component of SC of interest to electrophysiology, partic-
ularly the P300. The P300 (positive oscillation around 300 msec) generally appears when
stimulus detection engages memory operations (Polich, 2007). This late positive component
is sensitive to the amount of attention resources that are engaged during dual-task perfor-
mance (Polich, 2007), such as in Theory of Mind tasks. Theory of Mind tasks modulate the
P300, whereas in non-mental state decoding paradigms and in SC-impaired clinical samples,
I.e. patients diagnosed with autism, the P300 is reduced (Sabbagh & Taylor, 2000).

Late language components, such as the N40O or late positivity components, are also as-
sociated with language use, particularly with processing metaphor and joke comprehension
(Coulson, 2004; Federmeier, 2014). In cases of written joke comprehension (Federmeier,
2014; Wild et al., 2003), or even in cases of comprehending funny drawings (Wang, Kuo, &
Chuang, 2017), components that involve incongruity scanning and resolution evoke late
components such as the N400 and the P600 (Du et al., 2013; Federmeier, 2014; Feng et al.,
2014). These components are said to relate to the detection and resolution phase, or the
“Aha!” moment, in humor processing, both verbal and non-verbal. Brain areas that are con-
sidered to be most associated with humor perception include the right frontal cortex, the me-
dial ventral prefrontal cortex, and the right and left posterior temporal regions. Frontal and
temporal areas are very often reported (Amir, Biederman, Wang, & Xu, 2015) along with the
left temporoparietal junction, which is considered to be an area where semantic appreciation
takes place (Bekinschtein et al., 2011). As far as the aging brain is concerned, this study sup-
ports the idea that biological changes which involve cell loss in the frontal lobes and compen-
sational mechanisms employed by older, especially educated adults, could recalibrate all of
these functions. The following section is a review of prominent theories on brain aging that
are relevant to the behavioral and electrophysiological aspects of SC explored in the present

study.

Normal aging and neuropsychological functions

The most prevalent behavioral observation associated with aging is the slowing of pro-
cessing speed (Salthouse, 2000). This slowing down of the processing system has been impli-
cated in a number of age-related neurocognitive changes. When engaged in multi-stimulus

processing, tasks that require time limits are found to be affected first (Zelazo, Craik, &



Booth, 2004). As a consequence of this slowing down of the system, tasks that require online
processing, such as word retrieval, divided attention, working memory, and certain EF tasks
(i.e. mental shift and mental flexibility), are negatively affected (Salthouse, 2000).

Neuroimaging study results agree that different and more widespread areas of brain acti-
vation are observed in older adults when processing cognitive tasks than in their younger
counterparts (Reuter-Lorenz, 2002). This has to do with the brain’s capacity to recover loss
with activation of other brain areas not dedicated to, but capable of, dealing with the task at
hand. Likewise, with attentional processing declines, widespread cell loss impedes the brain’s
capacity to organize sources around a task consequently it gets help from different areas in
order to process effectively (Cabeza, Anderson, Locantore, & Mclntosh, 2002). This mani-
fests itself as a lack of inhibitory processing where more stimuli or internal processes are oc-
curring at the same time, resulting in more brain activation, slower processing speed and fa-
tigue (Hasher, Tonex, Lustig, & Zacks, 2001; von Hippel, 2007).

The underlying theoretical hypothesis behind the phenomenon of widely distributed brain
activation in older adults is actually a combination of two hypotheses. The first is the “com-
pensation hypothesis”. As the brain ages and neurons are lost, older people tend to use differ-
ent brain areas to process stimuli that can’t be processed in the specific brain areas dedicated
to those processes (Park & Reuter-Lorenz, 2009). In practice, age-related over-activation is
linked to better performance in cognitive tasks among older adults (Cabeza et al., 2002).
More specifically, it seems that activation is stronger in the prefrontal region and more bilat-
eral than it is for younger people (Reuter-Lorenz, 2002).

The second complementary hypothesis on brain aging is the “frontal lobe decline hypoth-
esis”. Neuroimaging studies suggest that brain atrophy begins in the prefrontal lobe. FMRI
studies show more brain activity in younger adults in the right amygdala and hippocampus
area as compared to older adults, who show more activity in the right anterior-ventral insula
cortex (Fischer et al., 2005). When speaking about normal aging, changes in brain function-
ing are often grouped under the frontal lobe hypothesis, according to which part of the frontal
lobe is affected by normal aging earlier and to a greater degree than other areas of the brain.
Frontal lobe degeneration is considered to be the primary cause of the cognitive decline ob-
served in older adults (e.g. Haug et al., 1983). This hypothesis has actually been confirmed
through a factor analysis in neuropsychological tests taken by normal aging adults (Mitten-
berg et al., 1989).



In addition to MRI studies, event-related components are also modulated by the effects of
aging. The literature suggests that early sensory components, such as the P1, N1 and P2 com-
ponents, are not modulated by age, while at the same time studies conclude that deficiencies
in inhibitory processes are observed as we age.-Late components like the N400, which is as-
sociated with higher language, shows modulation, as evidenced by different activation pat-
terns, even if behavioral performance remains intact (Friedman, 2011). (The literature review
on SC, normal aging and electrophysiological components continues in experiments two and
three (chapters IV and V).

To explain why education level and other social factors play a role in the delay of cogni-
tive decline, the “cognitive reserve hypothesis” was proposed(Stern, 2009) (Giogkaraki,
Michaelides, & Constantinidou, 2013; Metaxas, 2015; Park & Reuter-Lorenz, 2009; Whalley,
Deary, Appleton, & Starr, 2004). Cognitive reserve is a theoretical construct that explains
why some individuals are able to compensate and delay the expression of clinical symptoms
even in the presence of brain pathology. To an extent, the cognitive reserve hypothesis is
complementary to the compensation hypothesis, giving a behavioral explanation for why
some older adults are protected from the neurobiological effects of brain aging. According to
this hypothesis, intelligence, education and occupation are the essential factors leading to
higher levels of cognitive reserve (Whalley et al., 2004). Language abilities, and in particular
semantic knowledge as measured by receptive vocabulary, are influenced by education but
are stable across time and can be used in models aiming to estimate cognitive reserve
(Constantinidou, Christodoulou, & Prokopiou, 2012; Giogkaraki, Michaelides, &
Constantinidou, 2013; Park & Reuter-Lorenz, 2009). Abilities that are stable across time typ-
ically fall within the domain of ‘crystallized intelligence’ and are maintained throughout the
lifespan. The present study will incorporate stable cognitive measures, such as receptive vo-
cabulary as well as speed of processing, executive functioning and memory tasks that are

vulnerable to aging, into its neurocognitive assessment battery.
SC in normal aging

The positivity hypothesis, which comes from social psychology, is widely accepted in
aging studies. According to this hypothesis, focusing their attention on positive experiences
and stimuli is an essential coping mechanism for aging adults. This focus on the positive is
thought to help older adults remain positive and optimistic about their lives and is often relat-

ed to the emotional regulation processes, or the “living as best we can while we’re still alive”



change in motivational effect (Isaacowitz & Blanchard-Fields, 2012 ; Carstensen, 2006;
Blanchard-Fields, 2007; Charles & Carstensen, 2007; Isaacowitz & Blanchard-Fields, 2012;
Carstensen & Mikels, 2005).

The aging literature also suggests that healthy aging affects certain aspects of SC. The
ability to correctly recognize emotional expressions deteriorates in later life. In some studies,
age has no effect on emotion recognition through language, whereas emotional recognition in
facial expression and ToM tasks decreases (e.g. Phillips, MacLean & Allen, 2002). Specifi-
cally, there is evidence that older adults can recognize some emotions better than others (e.g.
Suzuki et al., 2007). It is largely observed that older adults seem to have an increased diffi-
culty in recognizing negative emotions, whereas the same doesn’t hold true in the case of
positive emotions. When identifying positive emotions, older adults seem to be able to main-
tain their performance when the difficulty of the task remains low (Pavanin, 2008). This may
be explained by the “positivity effect” discussed above. There is also an alternative explana-
tion for the positivity effect that is related to the functional re-organization of the brain as it
ages (e.g., Cacioppo et al, 2011). This hypothesis attributes the sensitization of the system to
positive expressions to their role in evolution and early development, as discussed above
(Vygotsky, 1978).

Concerning Theory of Mind tasks, the research is inconclusive. Some studies report a
ToM benefit for older adults (Happé, Winner, & Brownell, 1998), while others support a
ToM decline in normal aging adults. (Maylor et al., 2002; Duval et al., 2011). According to
study results, the effects of age on cognitive functions situated in the ventromedial region of
the prefrontal lobe are not as prominent as the effects on functions situated in the dorsolateral
region of the prefrontal lobe. These differences can be roughly divided into SC and neu-
rocognition respectively (e.g. MacPherson et al., 2002). This may reflect an SC system that is
intact overall and explain why a gradual and cumulative decline in neurocognition precedes
the deterioration of SC. The rift between results showing that there is no SC decline (e.g.
Happé, Winner, & Brownell, 1998) and those showing that there is a decline (e.g. Maylor et
al., 2002) can be explained with this rough distinction in mind. We must also keep in mind
that separating these two areas of cognition in a way that the effect of one area on the other is
identified and ruled out is problematic because of their tight interdependence (Perner & Lang,
1999; Moses, 2001; McKinnon & Moscovitch, 2006; German & Hehman, 2005). In a study
by Duval et al. (2011), age was a defining factor in second-order cognitive ToM decline (the

ability to infer what a person thinks about another person’s thoughts) as well as an indirect
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factor mediated by executive functioning decline in first-order cognitive ToM function (the

ability to understand another person’s thoughts).

The study on which this thesis is based is the second to be conducted after Metaxas
(2015) on SC tasks and aged participants in a Greek-Cypriot population. Metaxas reported
that age plays an important role in emotion recognition performance, but that it is mediated
by education level. He also reported that education mediates the decline in receptive language
abilities. Expanding on the findings of Metaxas’ 2015 study, the current study aims to inves-
tigate SC in educated adults and to identify its electrophysiological underpinnings.

The literature on SC and aging is limited. A few studies attempting to relate different as-
pects of SC in normal aging to each other point out the interaction between compensational
mechanisms and neurocognitive declines through aging. The present study will explore com-
pensatory mechanisms by investigating both behavioral and electrophysiological components
of SC in healthy older adults.

Theoretical model proposed in this study

Figure 1 is a graphic display of the theoretical model of SC proposed by this study. The
study systematically investigated the relationships outlined in the model. According to the
model, SC includes two independent components: Emotion Recognition and Social Inferenc-
ing (all in red). SC abilities are influenced by age. Furthermore, EF abilities influence SC in

older adults.

The study adopts the theoretical perspective linking levels of education with cognitive com-
pensational mechanisms. Therefore, the sample was chosen so that education was kept stable
(all participants had all secondary and some university education, and years of education was
matched between age groups). As it was previously mentioned, participants were expected to
engage their compensatory mechanisms and therefore perform well on language based
measures, indicative of crystallized intelligence. These abilities are expected to influence so-

cial cognition through social inference abilities.

Figure 1: Social cognition theoretical model proposed in this study
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Purpose of the study

The purpose of this study was twofold: to examine how specific aspects of SC relate to neu-
rocognitive performance, and to investigate electrophysiological correlates related to SC in
early and late adulthood. Two matched groups of younger and older adults were given a se-
ries of standard neuropsychological tests measuring memory, executive functioning and lan-
guage, along with a series of SC behavioral paradigms. Additionally, study participants were
tested on two experimental electrophysiological tasks measuring SC constructs: social infer-
ence (humor discrimination) and emotion recognition (emotional faces). Differences between
age groups on behavior-only tasks and experimental electrophysiological tasks were identi-
fied at a behavioral and electrophysiological level. The results drawn from the experimental

tasks were linked to SC and neuropsychological test scores.

Four experiments were developed in order to test the main hypotheses of this study. Each ex-
periment will be described separately after a methods section. The following were our main
hypotheses:

Hypothesis 1: Behavioral measurements and aging

la. As reported by previous studies (Reuter-Lorenz & Cappell, 2008) and by Metaxas (2015),
we expected that older participants would exhibit significantly poorer performance in
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memory and executive functioning as compared to their matched younger counterparts.
However, older adults were expected to perform similarly to younger adults in tests assessing
language abilities because these tasks are resistant to aging and are part of crystalized intel-
ligence.

1b. Older participants were expected to show significantly poorer performance on emotion
recognition as measured by accuracy and reaction time (Carstensen & Mikels, 2005) in com-
parison to their younger counterparts. Furthermore, different patterns of performance were
expected to emerge between the two age groups in the processing of all-but-joyful emotions
as measured by accuracy and reaction time, with older adults being less accurate and requir-

ing more time than their younger counterparts.

1c. It was hypothesized that social inference tasks that are contextually and ecologically
based rely heavily on language comprehension and will be stable in aging. It was expected
that there would be no differences in humor perception between the two age groups as meas-

ured by accuracy and reaction time of funny vs. unfunny items.

Hypothesis 2: Electrophysiology of facial expression processing in young and older
adults

To determine whether or not differences in age are reflected in electrophysiological meas-
urements, we conducted an experimental “emotional faces” task. For this task, participants
were asked to distinguish six basic facial expressions in static pictures. It was expected that
processing positive vs. negative facial expressions would result in significant differences in
peak amplitude and latency, such as the N170 component or later components, for all partici-
pants. (Balconi & Pozzoli, 2003). (For a full description of face-related components, see
Eimer & Holmes, 2007). Moreover, according to the positivity hypothesis of aging reported
in the literature (Mather & Carstensen, 2005), it was expected that we would find significant
differences between age groups during the processing of negative facial expressions as
measured by peak amplitude. Older adults would demonstrate a bigger difference in peak
amplitude for negative facial expressions than younger adults, but not significantly different

than for young adults in positive expressions (as seen in Mather & Casternsen, 2005).

Hypothesis 3: Humor discrimination electrophysiological counterparts in young and old-

er adults
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To investigate behavioral and electrophysiological differences in a social inference paradigm,
an experimental humor discrimination task was created and conducted. It was expected that
exposure to funny vs. unfunny items would result in electrophysiological differences for both
groups as measured by time frequency analysis due to the element of incongruity in funny
items (for the incongruity hypothesis, see Feng et al., 2014). Furthermore, although it was
anticipated that there would be no substantial differences between funny and unfunny items
in behavioral measurements between groups, due to the more ecological nature of the task, it
was still expected that there would be significant differences at an electrophysiological level
because compensational mechanisms would ensure that any differences in electrophysiology
would not reflect behavioral performance(for example, see (Gunter, Jackson, & Mulder,
1995). Specifically it was expected that older participants would need to employ inhibition
mechanisms to a higher degree in order to compensate performance.

Hypothesis 4: Determining associations between neurocognitive, behavioral and electro-
physiological measurements relevant to SC and aging. Associations between behavioral and
electrophysiological measures were made in order to derive conclusions on the link between
biological aging, SC and cognitive aging. It was expected that older adults would perform
lower on emotion recognition tasks, especially in those tasks that involved dynamic stimuli, It
was also expected that performance in executive functioning and language tests would be re-
lated to certain aspects of SC as measured by behavioral (accuracy and reaction time) and

electrophysiological indices (peak amplitude, latency and delta frequency) for both groups.

For older adults, it has been previously reported in the literature that social skills may either
not deteriorate due to “social wisdom” (in the case of Theory of Mind, see Moran, 2013) or
deteriorate as a result of a decline in certain aspects of EF (von Hippel, 2007). It was ex-
pected that older adults would exhibit a corresponding decline in EF measurements and SC
measurements. Language performance as measured by neuropsychological language tests
was expected to follow the trend of the SC components under investigation (the proverbs test
and humor discrimination electrophysiological measurements), thus not presenting any dif-

ferences between age groups.
Statement of Significance

Existing research on SC attempted to examine specific components of SC and the impact of
biological aging, albeit with inconclusive findings. Those studies focused on certain aspects

of SC using either experimental methodologies or neuroimaging indices. The present study
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implemented a systematic experimental design and integrated behavioral and
electrophysiological measurements to examine hypotheses that entail biological and
social/cognitive explanations of adult SC. The results of this study contribute to the
development of a comprehensive and integrative model of SC in adulthood and provide

guidance for future research in this area.
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Chapter I11:
General Research Methodology

This chapter describes the overall research methodology, starting with the study
participants and progressing to a detailed description of the measures and procedures used in
all experiments (list major sections of this review). Methods and procedures unique to the
individual experiments are presented in their corresponding chapters.

Participants

Twenty eight older adults (mean age M= 68.46 min 65 max79.15 females, 13 males)
were matched with twenty seven young adults (mean age M= 33.68 min 28 max 42.14
females, 13 males) on gender and years of education. Cut-off ages were 65-75 for older
adults and 30-40 for young adults. All participants were healthy, with no history of
neurological, learning, or significant psychiatric condition requiring hospitalization.
Participants were screened for depression, dementia and other age-related neurodegenerative

disease. In the next table the results on the screening tool that was used are shown.

Table 1: Descriptives for both groups on the Montreal Cognitive Assessment Test

N Min Max M SD
Older 28 24 29 25.89 1.37
Younger 27 23 30 27.1 2.4

Twelve participants were excluded from the second session of the procedure which
included the electrophysiological measurements. Six participants were excluded due to left
handedness and inability to commit to a second session. Six participants’ electrophysiological
data were also excluded due to extensive noise in their data. Experiment 2 had 25 older adults
and 22 young adults (21 male 26 female) and experiment 3 had 21 older adults and 22 young
adults (21 Male 22 female).

Measures

Measures were selected in relation to having a comprehensive cognitive assessment

for aging related neurodegeneration. Neurocognitive tasks were translations and adaptations
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in Greek and Cypriot Greek of different tools (see below). All tools were previously tested
and used in other studies at the Centre of Applied Neuroscience (e.g. neurocognitive study of
the aging https://clinicaltrials.gov/ct2/show/NCT01481246 (Metaxas, 2015). A SC battery
that contained the Cambridge Adult Mindreading (CAM) battery and the reading the test in

the eyes from the autism centre https://www.autismresearchcentre.com (Baron-Cohen,
Wheelwright, Hill, Raste, & Plumb, 2001; Golan, Sinai-Gavrilov, & Baron-Cohen, 2015)
translated and adjusted in Greek, as well as novel tasks that were created and tested and
adjusted in a previous study with the collaboration of the author (Metaxas, Shoshilou, &
Costantinidou, 2016) was used. The battery measured basic SC aspects which were re-
examined in experimental tasks (emotion recognition, higher language functions-social
inference). See below for a description of all tests that were given in the order that they were

administered.
Standard Neurocognitive functioning measures

1. The Montreal Cognitive Assessment (MoCA)(Nasreddine, 2010) - was designed as a
rapid screening instrument for mild cognitive dysfunction. It assesses various cognitive
domains: attention and concentration, EF, memory, language, visuoconstructional skills,

conceptual thinking, calculations, and orientation.

2. Logical Memory test-Greek Version (Constantinidou & loannou, 2008): tests working
memory abilities during story recall. such as chunking and information organization. The
variable of interest was the number of the elements from the story recalled is measured

immediately after reading as well as a delayed recall.

3. Rey Complex Figure test (Shin, Park, Park, Seol, & Kwon, 2006): Measure for visuospatial
constructural ability and visuospatial memory. Variables of interest were accuracy on

copying, immediate recall and delayed recall, as well as recognition items.

4. Hopkins Verbal Learning Test (HVLT) (Brandt, 1991): verbal learning test, tests memory
abilities of coding and storing information. Initial recall responses are measured as well as

short and long delayed recall; correct answers are measured.

5. Digit Symbol (Smith, 1968): tests attention/executive functioning and eye-hand

coordination. Number of correct responses and time of completion is measured.
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6. Trail making Test A and B (Bowie & Harvey, 2006): executive functioning test, tests
visuo-conceptual and visuo-motor tracking, sensitive to mild brain damage. Time to

completion is measured.

7. Controlled Oral Word Association Test (COWAT) brief (Ruff, Light, Parker, & Levin,
1996): Verbal fluency test. Measures spontaneous production of words of a specific category

or beginning with a designated letter. Number of responses produced is measured.
8. Delayed recall of 1. Logical memory, 2. Rey complex figure, 3. HVLT

9. Depression screening (Geriatric Depression scale GDS) (Yesavage et al., 1982)- This scale
was developed as a basic screening measure for depression in older adults. It measures
depression according to the DSM criteria for depression diagnosis and focusing on specific

symptoms that usually appear in older adults. Number of positive answers is measured.

10. Peabody Picture Vocabulary Test (PPVT-12) (Dunn & Dunn, 1965): Is a measure of
receptive vocabulary and is intended to provide a quick estimate of verbal ability. Number of

correct responses is measured.

11. Towers of Hanoi - mental task: executive functioning test, tests planning, cognitive
inhibition and problem solving abilities, time to completion as well as number of moves are

measured

Neurocognitive tests were previously translated and used in studies with Greek
Cypriot participants at the Neurocognitive Research Laboratory, Centre of Applied
Neuroscience, University of Cyprus (Giogkaraki et al., 2013; Konstantinou et al., 2016)

Social Cognition tests

12. A translated version of the Reading the Mind in the Eyes Test (see
http://lwww.autismresearchcentre.com/arc_tests). This test is designed to measure
“mentalizing ability” and is able to distinguish adults with SC impairment conditions such as
Asperger syndrome, high functioning autism, or even adults with relevant brain damage (e.g.

prefrontal or amygdalectomy, see Baron-Cohen et al,2001 for more details).

13. Recognition of emotions in the moving face / recognition of emotions in the voice
(translation and adaptation to Greek of The Cambridge Mindreading (CAM) Face-Voice
Battery (Golan, Sinai-Gavrilov, & Baron-Cohen, 2015): This test examines the ability to
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recognise emotional states in adults through a variety of emotional states represented either
visually in short spots with actors presenting specific emotional states, or acoustically in

short spots of actors verbalising sentences that refer to certain emotional states.

14. Speeded movie vignettes: this is a procedure developed by Metaxas (2015), (for an

example of a similar test see https://www.autismresearchcentre.com/arc_tests reading the

mind in films test) with movie vignettes representing the seven basic emotions in facial
expressions to represent an emotional expression in real/natural situations. This test is
designed to and has achieved to have a better ecological validity than still photos tests (for
validity tests results see (Metaxas, 2015).

15. Proverbs test — this is a procedure developed by Metaxas (2015) where not very common
proverbs in the Cypriot Greek dialect were presented while participants need to choose the
correct definition out of four choices. It was designed to measure complex language abilities

and/or language pragmatics.

All of these tests were translated and adapted to the Greek-Cypriot population previously to
this study (Metaxas et al., 2016).

Experimental measures
Behavioral Description

1. Recognition of emotions in faces: Previous research has indicated that there are six so-
called “basic” emotions, which are easily recognized by healthy individuals. For the
measurement of this ability an existing database of emotion in the face photos was used
(Ekman, Friesen, & Hager, 2002). Emotions which participants were asked to recognize are
(@) joy (b) sadness (c) anger (d) surprise (e) disgust and (f) fear. Masked face stimuli were
presented in a timed manner and followed by a word expressing an emotion (figure 2).
Participants were asked to report if the word was correctly reporting the facial expression or
not. Forty five photos were presented in a repeated manner interchangeably with all
combinations of emotion-words twice so that the task reached 628 trials. Licence was
obtained by Ekman (Ekman, Friesen, & Hager, 2002) for the use of these material. The task
was piloted with a small number of participants (6 participants) in order to establish that

orders were clear and that electrophysiological results yielded a N170 oscillation.
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Fig 2. Example of a congruent emotion recognition trial (emotional expression depicting fear
and the word fear on the next screen- participants had to press a button to report its
correctness)
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Fig 3. Example of an incongruent emotion recognition trial (emotional expression depicting
fear and the word disgust appearing on the next screen): participants had to press a button to
report its incorrectness).

2. Humor perception: Cartoons by a well-known cartoonist (APKAZX http://www.arkas.gr/)
were selected from all his publications (licence was obtained by the cartoonist for the use of
these images) so that the punchline sentence did not contain more than six words and the
cartoon contained two or three sentences in total. A piloting procedure preceded the design of
the experiment where forty naive persons of similar age groups to the ones examined (age
range 30-70) looked at more than two hundred cartoons containing a funny punch-line or not
and judged weather they were funny or not. The question made to participants in the pilot and
research measurements was “was this cartoon funny?” orders were given in order for
participants to answer weather the task is generally funny and not funny according to their
personal taste. The example of jokes that may annoy some but be found funny by others was
given, and they were asked to answer if someone in general would find that funny and not
them specifically. Seventy items were chosen (36 funny and 34 non funny), that were 70% or

more agreed to be funny or non-funny accordingly.

Each cartoon containing one sentence was presented for five seconds. The punchline sentence
was then added to the cartoon and participants had three seconds to observe it (figure 4, 5).
Cartoons having a humorous social inference as well as neutral cartoons of the same
characters were presented and participants were asked after the observation period in a new
screen to indicate if the cartoon was funny or not. The behavioural procedure was recorded
by EEG. The EEG procedures and measurements are described in the Electrophysiological

Measurements section below.
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noy HZIowYn
TOIH 2PAj

ZOrpPA®RIZA!

Fig 4: Example of a non-funny cartoon of sparrow father and son series
Dialogues

Image 1: where were you all this time?

Image 2:- where were you all this time?

- | was drawing!
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AOINON, O BHXAZ zov

EXE! KAAYTEPEVEI NOAY! AOINON, O BHXAZ Zovy

EXEl KAAYTEPEVE! NOAY!

E, BEBAIA!, APOY
EXAIKOYMAI TOZEZ

Fig 5. Example of a funny cartoon of the Sparrow father and son series
Dialogues:
imagel: -Your cough is much better!
Image2: -Your cough is much better!
—Of course it is! | 've been practicing for days!

Experimental Procedure

Participants were recruited with a snowball method from an initial small number of
acquaintances of the author. They were tested at the Center for Applied Neuroscience in
Central Campus, University of Cyprus. Participants were informed of the procedure

(concerning cognitive assessment and EEG measurement) and signed a consent form.

Experimental setting procedures for the ERP: The equipment for the ERP
measurements is located in a specially designed laboratory room at the Center of Applied
Neuroscience, University of Cyprus. The recommended standard procedures for the
placement of the 64 electrode system cap were followed. The participants participated in a
brief training session to ensure that they were able to follow the experimental procedures of
the study. All stimuli were computerized and special instructions were given in order to

minimize noise.
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Electrophysiological Measurements

All ERP measurements took place at the Center of Applied Neuroscience in the
central campus of the University of Cyprus. The data acquisition equipment was a high-
density EEG/ERP recording system, an unshielded 64-channel BIOSEMI Active-Two. The
analysis software packages wused for processing EEG/ERP data were BESA

(https://www.besa.de/) for ERP and signal noise cleaning and averaging, and MATLab

routines for the Time Frequency Analysis; Stimuli were presented to the participants through

E-prime software (https://www.scienceplus.com/). This software is used to collect behavioral

measures (response times, error rates), and can send time triggers to the EEG acquisition

software (ActiveView https://www.biosemi.com/software_biosemi_acquisition.htm).

Tasks which were presented required a behavioral response limited to pressing a
button on the pc keyboard. Behavioral measures were also collected (reaction time,
accuracy). The tasks were expected to elicit visual ERP waveforms based on the type of the
stimuli. The effect of attention to specific components was be the main target of the
procedure. It was assumed that attention will modulate brain waveforms when emotion

recognition and/or social inference most relevant tasks will appear.
1. Experiment A. Emotion Recognition

The experimental paradigm targeted visual components. Visual presentations aimed at
modulating attention to the task. On the emotion recognition task, participants were needed to
identify emotional expressions in faces. The perception of faces is expected to elicit a N170
component. Studies examining the N170 which is described to be the “face” component ,
point out some modulation of the component according to the facial expression (see Blau,
Maurer, Tottenham, & McCandliss, 2007) although there is also evidence that this may be an
artefact; Rellecke, Sommer, & Schacht, 2013). It remains a question whether the familiarity
of the expression (happy vs other emotional expressions) will modulate this early face
perception component as some studies suggest (Eimer & Holmes, 2007: Batty & Taylor,
2003).

In the emotional face processing literature there is also evidence of different activation in
emotional faces in later time windows (Eimer & Holmes, 2007), an activation that may be
modulated by familiarity of expression (Balconi & Pozzoli, 2003). For a detailed discussion
on the N170 and other face related components see experiment 2.
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2. Experiment B. Social Inferencing

Socially relevant triggers in language are expected to elicit a late response related to
semantic processing (Federmeier, 2014). In studies examining semantic processing it is noted
that the modulation of attention associated with specific triggers in the semantic processing of
a sentence is expected to elicit the N400 component or the Late Positivity component
(Federmeier, 2014). In the case of language containing humor, the relevant trigger is the
moment that the funny part of a humorous presentation is perceived (Feng, Chan, & Chen,
2014). Since the number of trials was not possible to create a clear waveform and the timing
of events was not accurate on a millisecond level, a time frequency or frequency band

analysis was used to determine possible differences in frequency bands between conditions.

Behavioral measurements were performed and analysed in the Statistical Package for the
Social Sciences- IBM SPSS 24. EEG signal segments were processed with Brain Electrical
Source Analysis — BESA 5.3 (www.besa.de) software. Averaged segments were imported
into MATLAB where a Fast Fourier Transform analysis together with a Pwelch function
calculation took place so that a single power measure for each wave band was extracted.

Differences between age groups on ERP Data on both experiments were also extracted
and compared statistically with behavioural data to distinguish similarities and differences in
measurements between behavioural measurements and EEG data (ERP amplitudes,

frequencies). For further descriptions on these analyses refer to experiment 4.
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Chapter 111
Experiment 1: Neurocognition and SC in educated adults

Summary of Experiment 1

Aging is a process that affects neuropsychological functions and specifically is said to first
affect functions located at the frontal/prefrontal lobes such as EF or even SC. In this study
twenty eight older adults were matched in gender and years of education with twenty seven
young adults and were tested in a series of neuropsychological tests measuring memory lan-
guage and EF as well as in a series of experimental SC tests. Results show significant differ-
ences in performance between age groups favouring young adults in verbal and spatial
memory, executive functioning and emotion recognition in animated stimuli, but no differ-
ences in performance in still emotion recognition stimuli and language measures, thus sup-
porting a frontal lobe compensation hypothesis.

It is widely acknowledged that brain aging in its natural course does involve certain
changes in cognitive processing mainly due to brain cell loss and decay that cannot be recov-
ered. It has been a very common observation in studies using neuroimaging that older people
use a larger area of their brain to process the same tasks than their younger counterparts
(Knyazev, 2007). This reflects a slower processing speed and an EF impairment that leads to

a working memory deficiency (Reuter-Lorenz & Cappell, 2008).

Despite these changes, older adults with a greater degree of cognitive reserve (i.e.,
the mind’s ability to use strategies and compensate for pathological changes occurring in the
brain through the use of active compensatory strategies; for a more complete explanation
please refer to Whalley, Deary, Appleton, & Starr, 2004) tend to maintain their cognitive
abilities and perform well on measures of memory and executive functioning (Giogkaraki,
Constantinidou, Michaelides, 2013). Certain aspects of language abilities remain largely in-
tact through aging and often times can be used to compensate for other cognitive changes it is
yet to be examined in different perspectives how SC, a concept that incorporates both EF and

language processing is affected by aging.

In this study we tested adults with higher education and compared them with young
matched controls on several neurocognitive and SC measures. Metaxas (2015), who used a
similar test battery has underlined the importance of education as a factor leading to better
results in cognition in aging. In the present study, in which education was controlled for by
means of matched samples, aspects of cognition and SC in educated adults will be examined

through performance in neurocognitive and SC tasks.
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Purpose and Hypotheses

The primary aim of this study was to investigate the differences between younger and
older adults on SC and relevant neurocognitive tasks. Based on previous reports (Reuter-
Lorenz & Cappell, 2008) and by Metaxas (2015), we expected that older participants would
exhibit significantly poorer performance in memory and executive functioning as compared
to their younger counterparts. However, older adults were expected to perform similarly to
younger adults in tests assessing language abilities because of the education level of the sam-

ple (at least 12 years of education).

Older participants were expected to show significantly poorer performance on emo-
tion recognition as measured by accuracy and reaction time (Carstensen & Mikels, 2005) in
comparison to their younger counterparts. Furthermore, different patterns of performance
were expected to emerge between the two age groups in the processing of negative emotions
as measured by accuracy and reaction time, with older adults being less accurate and requir-

ing more time than their younger counterparts.

It was hypothesized that social inference tasks that are contextually and ecologically
based involve several processes in addition to language comprehension, including complex
image processing and EF. Despite that, being a mainly language comprehension task, it was
expected that there would be no differences in humor perception between the two age groups

as measured by accuracy and reaction time of funny vs. unfunny items.

Methods
Participants

Participants consisted of two different groups divided by age and matched in gender
and years of education. Twenty eight older adults (15 females, 13 males) were matched with
twenty seven young adults (15 females, 12 males) in gender and years of education. Table xx

presents age groups descriptives in years of education.

Table 2 .Descriptives for years of education for the two age groups

Group N Min Max Mean (SD)
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Older Participants 28 12 20 14.93 (2.403)

Younger Participants 27 12 20 15.37(2.133)

A t-test between groups on years of education was not significant, t (53)=.720,

p=.475. Participants had no prior history of neurological problems.

Participants were also asked to report possible use of medication or a mood disturb-
ance which could affect their performance. The sample size calculated to reach an effect size
of d=0.8 for t-tests was 19 participants per group. For a repeated measures ANOVA with an
effect size of d=0.85 the sample size was calculated to 16 participants per group (calculations
were made by G-Power 3.1 software). Twenty participants per group were recruited in the

present study.

Table 3. Descriptives for target group (older participants) on the Geriatric Depression Scale

and number of medicines taken.

N #>0 Max M SD
GDS 28 19 8 1.71 2.0
Medicine 28 21 3 .78 1

The cut-off for the GDS was 3/15. Older participants who had scored over 3 on the
GDS were further screened for depression symptoms and were not qualified for a diagnosis.
Their neurocognitive performance was on the average or above average range on all tests ac-
cording to their age and years of education. Mood disturbances were justified due to recent
life events such as serious illness or death of a spouse. Medication that was reported was
mainly antihypertensive medication and lipid lowering medication. Younger participants had

no reports of clinical depression symptoms or current medication consumption.
General cognition screening

The general cognition screening tool that was used, was aimed at establishing a cut-
off point as an inclusion/exclusion criterion. Despite this, in some cases in written perfor-
mance on the MOCA was lower than 26/30, all other test results were within the normal

range, so these cases were included.
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Table 4. Descriptives for both groups on the Montreal Cognitive Assessment Test

N Min Max M SD
Older 28 24 29 25.89 1.37
Younger 27 23 30 27.1 24

*P=0.031

An independent-samples t-test was conducted to compare groups on the MOCCA test
scores. Levene’s test indicated unequal variances (F= 4.54, p= .038), so degrees of freedom
were adjusted from 53 to 41.There was a significant difference in the scores for different

groups favouring younger adults; t(41)=-2.23, p = 0.031.
Measures

Participants were tested in a series of neurocognitive and SC tests as well as two experi-

mental tasks.

Neurocognitive tests (for a detailed description of each test see general methods sec-

tion)

Montreal Cognitive Assessment test (MOCA) (Nasreddine, 2010)

Hopkins Verbal Learning test HVLT (Brandt, 1991)

Logical Memory test LM (Wallace, 1984)

Symbol digit test SDT (Smith, 1968)

Trail Making Test - Trails A, Trails B (Bowie & Harvey, 2006)

Rey Osterrieth Complex Figure test - Rey (Shin, Park, Park, Seol, & Kwon, 2006)
Peabody Picture Vocabulary test PPVT (Dunn & Dunn, 1965)

Controlled Oral Word Association Test — COWAT (Ruff, Light, Parker, & Levin, 1996)
Towers of Hanoi mental task (TOH)

SC experimental tests

The Reading the Mind in the Eyes test — eyes test (Baron-Cohen et al., 2001)
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The Cambridge Mindreading in the face test CAM faces (Golan et al., 2015)
The Cambridge Mindreading in the voice test CAM voice (Golan et al., 2015)
Speeded Movies Clips test (Metaxas et al., 2016)

Cypriot Proverbs test — Proverbs (Metaxas, 2015; Metaxas et al., 2016)
Experimental tasks -behavioural measures

Behavioral measures on the experimental tasks will also be examined in this experi-
ment in comparison to age group (for a description of the experimental tasks look at the gen-

eral methods section).

Joyful facial expression accuracy and reaction time

All but joyful facial expression accuracy and reaction time

Humour discrimination (HD)- funny items reaction time, accuracy

Humour discrimination (HD) - Not funny items reaction time, accuracy
Procedure

Participants were recruited with a snowball sampling method to match the prescribed
criteria and be able to volunteer for participation. The examiner was the same in all cases
(Author). Participants were tested during two separate testing sessions. Session 1 consisted of
all neurocognitive and social cognitive tests and lasted between 2 and 2.5 hours. Testing took
place in a quiet location which met the test administration requirements and was also conven-
ient to the study participants. All neurocognitive tests were given in a paper and pencil form
and all SC tests were given in a computerised form. The Towers of Hanoi test was given in a
physical form. Experimental measures were given on a separate meeting at the Centre of Ap-
plied Neuroscience University of Cyprus where EEG measures were simultaneously record-
ed. All tests were given in the same order (for a detailed description of all tests and tasks as

well as the order of tests refer to the general methods section).
Research Questions

Will older adults perform more poorly than younger adults on neurocognitive and SC

measures?
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Will older adults have significantly lower accuracy scores and require significantly more time

in processing emotional expressions?

Will the performance of older adults on humor discrimination be similar to that of their

younger counterparts?
Statistical Analysis

For the purposes of this experiment means comparisons of test measures were con-
ducted, mainly t-tests and analysis of variance (ANOVA) tests. All analyses were conducted
with IBM SPSS statistics 24.

Results
Memory verbal learning

Table 5. Descriptive statistics for memory tests

Mean (SD)

Older Younger

(n=28) (n=27)
HVLT 1-3trial 22.86 (4.06) 24.19 (4.18)
HVLT Delayed recall* 7.11 (1.81) 8.59 (2.26)
HVLT recognition 11.21 (1.03) 11.59 (.80)
LM Immediate recall** 22.86 (3.39) 26.70 (7.58)
LM Delayed Recall*** 19.71 (4.63) 23.56 (7.37)

*p=0.009 **p=0.021 ***p=0.024

An independent-samples t-test was conducted to compare groups on test scores. Older
participants’ performance was significantly lower on the HVLT delayed recall scores and
Logical Memory Immediate and Delayed Recall scores. Levene’s test indicated unequal vari-
ances for logical memory immediate recall (F=9.77, p= 0.03), so degrees of freedom were
adjusted from 53 to 36. There was a significant difference in the scores for different groups;
HVLT delayed recall t(53)= -2.7, p = 0.009, d=-0.73(a" = o/k = 0.015); Logical Memory
immediate recall t(36)= -2,41, p = 0.021, d=-0.65(a" = a/k = 0.025); Logical Memory de-
layed recall t(53)=-2.32, p = 0.024, d=-0.63(a" = o/k = 0.025).
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Spatial constructional ability and memory

Table 6. Rey Osterrieth Complex Figure Test descriptives

Group N Mean (SD)
Rey Copy* Older 28 34.00(2.13)
Younger 27 35.26(1.79)
Rey Immediate recall Older 28 22.30(17.44)
Younger 27 23.04(7.15)
Rey delayed recall** Older 28 16.50(5.46)
Younger 27 26.81(14.84)
Rey recognition*** Older 28 7.79(1.79)
Younger 27 9.30(1.46)
Rey false positives Older 28 .86(.80)
Younger 27 .89(1.05)

*p=0.021 **p=0.001 ***p=0.001

An independent-samples t-test was conducted to compare groups on test scores. Older
participants performance was significantly lower on the Rey Osterrieth Complex figure Copy
task, t(53)=-2.37, p = 0.021, d=-0.64, the Rey Osterrieth Complex figure Delayed Recall
task t(53)= -3.44, p = 0.001, d=-0.93(c." = a/k = 0.015), and the Rey Osterrieth Complex
figure Recognition task, t(53)=-3.42, p =0.001, d=-0.92(a" = a/k = 0.015).

Executive functioning

Table 7. Descriptives for executive functioning tests

Group N Mean (SD)
Symbol Digit Modalities test * Older 28 39.82 (6.266)
Younger 27 48.59 (9.275)
Trails A (time in sec)** Older 28 48.46 (15.784)
Younger 27 31.30 (10.745)
Trails B (time in sec)*** Older 28 107.46 (33.963)
Younger 27 80.11 (37.502)
TOH number of moves Older 21 72.29 (22.318)
Younger 23 78.70 (33.662)
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TOH time in sec Older 21
Younger 23

435.48 (312.163)
412.00 (216.983)

*p=0.00 **p=0.00 ***p=0.006

An independent-samples t-test was conducted to compare groups on test scores. Per-

formance on the Symbol Digit Modalities and the Trail Making A and B scores resulted in

significant group differences favouring young adults. Levene’s test indicated unequal vari-

ances for Symbol Digit Modalities test (F=5.82, p= 0.019), so degrees of freedom were ad-

justed from 53 to 45.44. Significant differences were maintained as follows: Symbol Digit
Modalities t (45)=-4.12, p = 0.001, d=-1.22 (a" = a/k = 0.01) ; Trail Making A t(53)= 4.69, p
=0.001, d=1,26 (o" = a/k = 0.01); Trail Making B t(53)= 2.84, p = 0.006, d=0.76 (a" = a/k =

0.01).
Emotion recognition

Table 8. Descriptives for emotion recognition tests

Group N Mean (SD)
Eyes Test emotion recognition Older 28 22.21(3.715)
Younger 27 23.52(3.215)
Eyes test gender accuracy Older 28 32.61 (2.713)
Younger 27 33.67(1.941)
CAM faces* Older 28 30.11 (5.050)
Younger 27 35.11 (4.484)
CAM voice** Older 28 31.32(3.465)
Younger 27 34.00 (2.287)
Speeded Movie Clips Accuracy* Older 26 56.69 (8.049)
Younger 26 70.35 (5.433)
RTime on emotional faces experiment (all but joy) Older 25 1258.36
(499.238)
Younger 22 975.27
(467.846)
Accuracy on emotional faces experiment (all but Older 25 80.08 (11.957)
joy)***
Younger 22 88.86 (5.783)
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Reaction time on Joyful Emotional faces Older 25 1224.48

(426.509)
Younger 22 1162.00
(1117.219)
Accuracy on joyful emotional faces™ Older 25 89.67 (8.045)

Younger 22 93.41(3.892)

*p=0.00 **p=0.01 ***p=0.02 "p=0.046

An independent-samples t-test was conducted to compare groups on test scores. CAM
faces CAM voice and Speeded movie clips scores resulted in significant group differences.
Levene’s test indicated unequal variances for CAM sounds (F=4.88, p= 0.031), so degrees of
freedom were adjusted from 53 to 47.0lder participants performance was lower on the CAM
faces, t(53) = -3.88, p = 0.00, d=-1.05 (a" = a/k = 0.01), CAM sounds, t(47)=-3.4, p = 0.01,
d=-0.99 (a" = a/k = 0.01) and Speeded movie clips, t(50)=-7.17, p = 0.00, d=-2.02 (o' = a/k
=0.01).

Behavioral data on the emotion recognition task, accuracy and reaction time were en-
tered in a repeated measures ANOVA with group as the between subjects factor. Older par-
ticipants were significantly less accurate in identifying joyful vs all but joyful facial expres-
sions, F(1,45)=33,38, p=0.00 n?=.426. (o’ = a/k = 0.025). There was also a significant inter-
action between type of stimuli and group, F (1,45) =1.03, p=0.045 n?=.086. Figure 6 is the
graphic display of the interaction.

Fig 6. Interaction between Stimulus type (All but Joyful facial expressions Vs Joyful facial
expressions) and groups on the facial expression recognition experimental task
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Language abilities
Table 9. Descriptives on language abilities tests
Group N Mean (SD)
COWAT animals* Older 28 14.07 (2.788)
Younger 27 16.59 (4.449)
COWAT words from @ Older 28 11.00 (3.600)
Younger 27 11.11 (2.847)
COWAT objects Older 28 18.54 (4.702)
Younger 27 20.48 (3.435)
COWAT fruits** Older 28 13.61 (2.393)
Younger 27 15.22 (2.764)
PPVT Older 28 28.43 (2.150)
Younger 27 26.89 (4.228)
Cypriot proverbs test Older 26 23.46 (2.996)
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Younger 25 22.96 (3.075)

*p=0.014 **p=0.024

Performance on language tests presented no significant differences apart from the
Controlled Word Association Test Animals t(53)= -2.53, p = 0.014 and Fruits t(53)=-2.32, p
= 0.024 tasks.

Humor discrimination task

Table 10. Descriptives on the humour discrimination task

Group N  Mean number of cor-

rect answers (out of

35) (SD)
HD accuracy funny items Older 21 24.10 (6.472)
Younger 23 25.04 (6.079)
HD Reaction time funny items Older 21 4002.10 (7583.539)
Younger 23 1850.30 (1031.024)
HD Accuracy NON funny items* Older 21 18.95 (7.386)

Younger 23 27.00 (4.661)
HD Reaction time NON funny items**  Older 21 2375.62 (812.937)
Younger 23 1826.57 (801.616)

*p=0.00 **p=0.29

Behavioral scores on the Humor Discrimination experiment were entered in a repeat-
ed measures ANOVA with group as the between subjects factor. Overall, older participants
were equally accurate with younger participants in identifying funny or not funny items
F(1,42)=1.02, p=0.318 . However, there was a significant interaction of type of funny ele-
ment*group (F(1,42)=5.06 , p=0.030 12=.103). This interaction suggests that the two groups
have different profiles in performance, with younger adults having much better accuracy for
non-funny items as compared to older adults. Figure 7 is the graphic plot of the interaction
effects. As it is shown in the figure, in non-funny items the two groups have an attenuated

difference between means in accuracy.

To examine this further, a t —test between groups was performed only on non-funny

items. Degrees of freedom reduced from 42 to 33 because Levene’s test indicated unequal
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variances, F=9.01, p= 0.005, the difference between groups was significant

p=0.000 d=-1.4.

{(33)=-4.27 ,

Fig 7. Interaction between type (funny or not) by group (old and young) in behavioural

measures
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This study aimed at examining whether aging affects neuropsychological functions -

i.e. memory, executive functions measures and language tests- as well as SC measures (i.e.

emotion recognition in still and dynamic pictures and in the voice). Twenty eight older adults

were matched with twenty seven young adults in gender and years of education and given a

series of neuropsychological and SC tests. Results show that older people perform signifi-

cantly more poorly in tasks of verbal and spatial memory, in spatial constructural ability, vis-

ual scanning and tracing — abilities belonging to the EF - and in emotional recognition

measures with animated stimuli (videos or movie vignettes). The groups did not differ signif-

icantly on language measures or still images emotion recognition performance. Knowledge
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on neurocognitive modules affected by aging and compensatory mechanisms can be provided

although further analyses will take place in the following experiments of this study.

As expected, older participants performed significantly more poorly in measures of
memory and executive functioning as compared to their younger counterparts. Also, as ex-
pected, the difference between groups was not significant on language tasks that did not in-
clude a processing speed and executive functioning element. The present findings provide
further support towards the idea of an executive function decline leading to difficulty encod-
ing in long term memory (Zelazo et al., 2004). This could also be evidence towards the
frontal lobe hypothesis in aging (West, 2000). The focus on executive functions which are
considered to be closely related to frontal lobe decline is apparent in verbal learning test re-
sults where differences between groups are significant in delayed recall. Also, in timed EF
tasks such as the Trail Making and Symbol Digit tests and on the spatial construction and
memory task, construction and delayed recall and recognition are significantly different be-
tween groups favouring younger adults. This assumption will be further investigated together

with the role of language abilities and SC in Experiment 4 of this study.

Concerning the Humor Recogpnition task, although the groups did not differ on lan-
guage test results, they did differ in their performance on the humour recognition task. Spe-
cifically, the funny element seems to facilitate stimulus processing in older adults resulting in
equally accurate processing with young adults. During the non-funny items, older partici-
pants make significantly more errors than their younger counterparts. The present findings
support a hypothesis where the search for funny elements in non-funny images, is more de-
manding in older adults who cannot depend on a robust processing system to support them,
thus supporting the lack of inhibitory processing in aging (von Hippel, 2007). Further inves-

tigation on humor aspects in aging will be done in experiment 3 of this dissertation.

As expected, older participants exhibited lower performance on emotion recognition
tasks. The CAM and the Speeded movies test as well as the experimental emotion recognition
task differentiated the two groups. This is in support of emotion recognition as a process that
engages frontal lobe networks. This assumption will be further examined in Experiment 2
which incorporates electrophysiological data. In the present study there was a group by type
of emotion interaction. Older participant accuracy was significantly lower when processing
all-but-joyful emotional faces as compared to joyful expressions. These results seem to be in
support of the positivity hypothesis in aging (Mather & Carstensen, 2005) although further
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investigation on the neurophysiological underpinnings of this behavioural phenomenon will

be provided in experiments three and four.

The results of this experiment provide overall knowledge on basic hypotheses on hu-
man aging, such as the frontal lobe hypothesis. Good attributions are also made in the area of
how compensatory mechanisms work in relation to executive functioning and SC modules.

Further analyses on aging neurocognition and SC in experiment 4.
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Chapter 1V

Experiment 2: Electrophysiology of facial expression processing in young and older

adults

Summary of Experiment 2

Emotional expression in faces is a very common measurement of SC. In electrophysiology,
the N170 component and later components are reported to be modulated by facial expression
(Eimer & Holmes, 2007). Aging also affects emotion recognition although joyful faces ap-
pear easier to process (Metaxas, 2015). The present study examined the electrophysiological
underpinnings of facial expression processing in young and older adults. Two groups of par-
ticipants, twenty five older adults and twenty two young adults matched in gender and educa-
tion level completed a facial expression recognition task. Reaction time and accuracy were
obtained along with N170 ERP recordings. Behavioral results showed an interaction of con-
ditions meaning that older participants had a significantly lower accuracy in identifying all-
but-joyful facial expressions but in joyful expressions the performance was the same. ERP
results yielded a N170 component in parietal-occipital electrode sites bilaterally. These are
areas of visual integration and association. In those electrode sites, significant differences in
amplitude appear, with all-but-joyful faces having higher amplitudes and/either a stimuli/
type by age group interaction with older adults showing higher amplitude in joyful faces. The
opportunity to process joyful faces appearing in behavioral as well as electrophysiological
data contributes to the support of a positivity effect during aging.

Emotional facial expression has been reported to trigger an increased ERP positivity as
early as 150 msec after the presentation of an emotional face in comparison to neutral faces
(Eimer & Holmes, 2007). The type of the emotional expression depicted on the face has been
reported to create different activation patterns, with fearful faces presenting an amplified and
later N170 (Batty & Taylor, 2003). Later components (250- 300 msec) are also reported to be
modulated by emotional expression type, with negative expressions showing higher peak am-
plitudes (Balconi & Pozzoli, 2009; Holmes et al., 2005).

The N170, an ERP component that is considered to be a face-specific component, is con-
sidered to reflect the very first perception of a face (Rossion & Jacques, 2011). It appears
mainly in temporal parietal and occipital electrode sites (Rossion & Jacques, 2011) contrala-
teral to the visual hemifield that the face is depicted on, or bilaterally (Towler & Eimer,
2015). The early appearance of the N170 together with findings in a number of studies leads
to a suggestion that it only involves the structural components processing of a face (Eimer &
Holmes, 2002; Holmes et al., 2005). Other studies though, have found that emotional expres-
sion has been able to modulate the N170 resulting in differences in amplitudes between emo-

tional expressions or between emotional and neutral faces (Batty & Taylor, 2003; Blau,
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Maurer, Tottenham, & McCandliss, 2007). There is a suggestion in the literature that this dis-
crepancy in results stems from the reference used, suggesting that a mastoid reference does
not result in emotion modulation of the N170 whereas an average reference does (Rellecke,
Sommer, & Schacht, 2013). Despite this, in support of the N170 being modulated by emo-
tional expression, are also studies with clinical populations presenting abnormalities in emo-
tional processing such as patients diagnosed with schizophrenia, which show lower ampli-
tudes on the N170 when processing emotional expressions in comparison to healthy controls
(Feuerriegel, Churches, Hofmann, & Keage, 2015; Ibafiez et al., 2012).

Later ERP components that are more associated to attentional and emotional processes
are also reported to be modulated by facial expression. There is a positivity identified around
250msec postimulus in a number of papers (Eimer & Holmes, 2007), or a negative peak
around 250-270msec postimulus (Sato, Kochiyama, Yoshikawa, & Matsumura, 2001). There
is also a suggestion that the N400 is modulated by faces, thus suggesting that a semantic pro-
cess similar to that of a word processing may be happening at that time frame (Barrett &
Rugg, 1989).

Emotional faces processing in the aging literature includes emotion recognition in facial
expression. Deficiencies associated with normal aging are largely attributed to the frontal
lobe hypothesis of aging (Gunning-Dixon et al., 2003). Faces processing in natural settings
involves a great part of SC as well as executive functioning processes (Adolphs, 2001). It
also appears that older adults do employ frontal lobe networks to a greater degree than
younger adults when processing emotional faces (Gunning-Dixon et al., 2003). Larger activa-
tion of the frontal lobes in older adults in cognitive processing that involves different brain
areas in young adults is attributed to the compensational abilities of the older brain.

As indicated in Chapter 1, a prominent hypothesis in aging and emotional processing is
the positivity hypothesis. This hypothesis is based on a series of observations in research that
older people are more prone to choose positive emotional experiences and ignore the negative
ones (Hajcak, Weinberg, MacNamara, & Foti, 2011). This is usually attributed to motivation-
al reasons, supporting a hypothesis that a coping mechanism is built gradually that focuses on
positive experiences in life. This hypothesis is sometimes attributed to results in the face ex-
pression discrimination literature, although alternative hypotheses that place joyful faces in a

privileged position in processing do exist, such as the hypothesis that recognition of the smile
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is developmentally salient thus broadly established and easier to process, thus later to decline
(Bowlby, 1958; Vygotsky, 1978) .

Metaxas (2015), has studied behaviorally emotional expressions in aging in a series of
tests which are also included in this study (see experiments 1 and 4), in a larger- more scaled
according to age- sample from a population with the same characteristics as this study. He
concluded that although positive emotions remain easier to process through aging, can be at-
tributed to a simpler explanation than the motivational reasons explanation provided in litera-
ture because when the complexity of the task increases, the positivity effect disappeared,
suggesting that positive emotions are only easier to process and not motivationally important
to attend to. This study, by examining performance in an educated adult matched in education
and gender sample attempts to examine whether Metaxas’s finding will be replicated. Added
to that this study aims at examining the same observation by using electrophysiological
markers thus extracting conclusions as to which processes might be involved in it and in

which manner.

In this study we attempted to determine whether or not age group performance in emo-
tional recognition tasks, is reflected in early electrophysiological measures. For this purpose,
an experimental “emotional faces” task was conducted. Participants were asked to distinguish
six basic facial expressions in static pictures. It is expected that processing joyful vs. non joy-
ful expressions will result in significant differences in peak amplitude on the N170 or later
components, for all participants (Balconi & Pozzoli, 2003). Moreover, according to the posi-
tivity hypothesis of aging reported in the literature (Mather & Carstensen, 2005), it is ex-
pected that we will observe significant differences between age groups during the processing
of negative facial expressions as measured by peak amplitude. Older adults will demonstrate
higher peak amplitudes for negative facial expressions than younger adults and non-
significantly different amplitudes for positive expressions, (as seen in Mather & Casternsen,
2005).

Methods

Participants

Twenty five older participants (13 females, 12 males) were matched with twenty two

young adults (13 females, 9 males) in gender and years of education. Participants were cho-
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sen from a larger sample of participants; left handed individuals and participants with EEG
signals containing large amounts of noise were excluded by the noise extraction routines pro-

vided in BESA (https://www.besa.de/). All study participants had at least twelve years of ed-

ucation. In table 11 you can see the descriptives on years of education for both groups.

Table 11. .Descriptives for years of education for the two age groups

Group N Min Max Mean (SD)
Older Participants 25 12 20 15.55 (2.220)
Younger Participants 22 12 20 15.08(2.361)

A t-test between groups on years of education was not significant, t(45)=.693,
p=.492. Participants had no prior history of neurological or psychiatric problems. The sample
size calculated to reach an effect size of 0.85 on repeated measures ANOVA between sub-
jects, within subjects and interaction effects was minimum 16 participants per group (calcula-

tions were made with G-Power 3.1 software)
Procedure

Participants were recruited with a snowball sampling method. Participants were in-
formed of the procedure (concerning cognitive assessment and EEG measurement) and
signed a consent form. The recommended standard procedures for the placement of the 64
electrode system cup were followed. Participants attended a brief training session to ensure
that they were able to follow the experimental procedures of the study. All stimuli were com-

puterized and special instructions for not moving were given in order to minimize noise.
Research Questions
Is there a difference between the two groups in the peak amplitudes of the N170 component?

Are there different patterns of N170 peak amplitude between the two groups depending on
the type of stimulus to be processed?

Materials

Task description

Forty five photos of masked emotional faces taken from an existing database (Ekman,

Friesen, & Hager, 2002), were screened one by one followed by a screen depicting a word —
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an emotion while recording EEG measurements. The following emotions were depicted: joy,
sadness, anger, surprise, disgust and fear. Participants were asked to report if the word was
correctly reporting the facial expression depicted on the previous screen or not by choosing
between two buttons on the keyboard. Blank interval screens of 800msec duration appeared
between trials. Forty-five photos were presented in a repeated manner interchangeably with

all combinations of emotion-words twice so that the task reached 628 trials.

Fig 8. Example of a congruent emotion recognition trial (emotional expression depicting fear
and the word fear on the next screen- participants had to press a button to report its correct)

SCREEN1 SCREEN?

®OBO2

Fig 9. Example of an incongruent emotion recognition trial (emotional expression depicting
fear and the word disgust appearing on the next screen): participants had to press a button to
report it’s incorrect.

SCREEN1 SCREENZ?
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Electrophysiological measurements

All ERP measurements took place at the Center of Applied Neuroscience in the cen-
tral campus of the University of Cyprus. The data acquisition equipment was a high-density
EEG/ERP recording system, an unshielded 64-channel BIOSEMI Active-Two. Samples were
taken on a 256Hz sample rate with an online average reference.

Analyses

All behavioral data on accuracy and reaction time were extracted and analyzed in
SPSS. Electrophysiological data were cleaned from noise by eye inspection initially to re-
move bad channels and then by artefact rejection procedures in BESA to remove eye blinks
and other muscle movement noise, waveforms were segmented and averaged for the sixteen
pre-selected  electrodes in the area where the N170 was apparent
(01,02,0z,P0O7,P0O8,POZ,PO4,PO8,PO3,P1,Pz,P2,P4,P3,CP3,CP4) for an epoch of 0-500
msec and a baseline of -100msec to the presentation of the face stimulus waveform segments
for each electrode were averaged in BESA. Peak detection was estimated by identifying the
largest peak from 150-200msec postimulus conducted in BESA. This method was preferred
instead of a peak on 170 msec because of the difference in number of trials between the two
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conditions resulting in more noise on the joyful faces trials. Peak amplitudes and latencies

were extracted and entered in SPSS where further analyses took place. All waveform and

power images were taken in BESA.

Results

Behavioral results

Table 12 Means for behavioural measures of the emotional faces recognition experiment

Mean

(SD)

N=25 N=22
Group Older Younger
Reaction Time on all emotional faces All but joyful 1258.36 975.27

(499.2) (467.8)
Accuracy on all emotional faces All but joyful * 80.08 88.86

(12) (5.8)
Reaction time on Joyful emotional faces 1224.48 1162.00

(426.5) (1117.2)
Accuracy on joyful emotional faces** 89.67 93.41

(8) 3.9)

*p=0.02 **p=0.046

Behavioral data on the emotion recognition task, accuracy and reaction time were en-

tered in a repeated measures ANOVA with group as the between subjects factor. Older par-
ticipants were significantly less accurate in identifying joyful and all but joyful facial expres-
sions, F(1,45)=33,38, p=0.00 n?>= .426. (o’ = a/k = 0.025). There was also a significant inter-
action between type of stimuli and group, F (1,45) =1.03, p=0.045 1?=.086. Figure 10 is the

graphic display of the interaction.
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Figl0.Interaction between Stimulus type (All but Joyful facial expressions Vs Joyful facial

expressions) and groups on the facial expression recognition experimental task

Accuracy Means

Facial expression * Age group

9250+

20.00-

g7.3207

83.00

82.507

20.00-

ERP analyses

T
Young Dl

Age group

F.expression

All but Joyful
— Joyful

Peak amplitude data on averaged waveforms on each subject for the two conditions

separately were entered a repeated measures ANOVA with type of stimuli (joyful vs all but

joyful) as a within subjects factor and group (old vs young) as a between subjects factor. All

trials were used as the comparison between correct and incorrect answers yielded no results.

Electrodes in parietal-occipital electrode locations presented significant differences in ampli-

tude in stimuli type with all but joyful having bigger amplitudes, and some in the same area

presented also an interaction of group by type with older people having a significantly higher

difference between types of stimuli.

Table 13. Mean N170 peak amplitudes for electrodes that presented p<0.05 in type of stimuli
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Electrode site Mean amplitude (pnV)

Old Participants Young Participants
Joyful All-but-Joyful Joyful All-but-Joyful
P1 1.39 1.63 -1.03 -.23
PO3 -2.42 -2.33 -2.66 -1.73
o1 -6.37 -6.1 -5.71 -4.67
POz -1.88 -1.57 -2.69 -1.40
PO4 -4.5 -4.29 -4.96 -3.22

Joyful faces presented significantly lower amplitudes marginally in PO3 F(1,39)=4.5
, p=0.040, O1 F(1,38)=6.55 , p=0.015, >=.147; PO4 F(1,32)= 7.21 , p=0.011,1>= .184and
POz: F(1,36)=11.47 , p=0.002, n>=.242 (a was reduced to 0.01).

In P1 a significant difference was present in joyful faces as well as between age
groups F(1,38)=5.16, p=0.029 (stimuli type) F(1,38)=16.12 , p=0.00 (age group)

Table 14. Mean N170 peak amplitudes for electrodes that presented p<0.05 in stimuli type by
group

Electrode site Mean amplitude (nV)

Old Participants Young Participants
Joyful All-but-Joyful Joyful All-but-Joyful
POz -1.88 -1.57 -2.68 -1.40
Pz -2.63 -2.42 -.34 42
CP4 -3.1 -2.43 -2.01 -1.27
P2 -1.28 -.92 -1.78 -.49
P4 -.01 -53 -2.74 -2.17

A number of electrode sites presented a significant difference in the interaction be-
tween stimulus type and age group with older participants presenting an attenuated difference
in amplitude: Pz: F(1,38)= 5.72 , p=0.022 n?=.131, CP4: F(1,38)= 4.33 , p=0.044 1n?=.102,
P2: F(1,31)= 8.28 n>=.211, p=0.007, P4: F(1,36)= 4.14 , p=0.049 1?>=.103, POz: F(1,36)=
4.29 , p=0.046 n>=.106. Below graphs show the averaged waveforms on two of these elec-

trode sites (a was reduced to 0.01).

Figll. Average waveforms for Pz on old and young participants (scale: 1x.V)

* Amplitude numbers might be slightly different than the table due to averaging being con-
ducted in different software.
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Old Participants

— Joyful

— Al but Jovfual
: 180rms

B0 v
B i
Young Participants
— Joyful
—— All but Joyful 168ms
: 319y
A9 v

Figl2. Mean amplitudes on CP4 on the N170 (scale: 1uV)

* Amplitude numbers might be slightly different than the table due to averaging being con-
ducted in different software.

48



Old Participants
—  Joyful

—— All but Joyful
176ms

B2 v

S v

Young Participants

—  Joyful
— All but Joyful

156ms

BA9 Y

-S43 py

Late components

A later peak was also apparent around 270 msec in frontal electrodes as show

n in the follow-

Fig13. Average waveforms for old and young participants on Fz (epoch: -50msec — 500msec
scale: 1uV)
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Old Participants Young Participants

— Joyful

— All but Joyful

As it is shown in the figure, older people do have higher amplitudes on the second
positive peak (on the figure it’s at 270msec), a peak which attenuates on frontal electrodes.
On posterior electrodes the second peak is not as apparent. Analyses on this component were

not made for the purposes of this study. Further details at discussion.

Discussion

This study aimed at examining the basic hypotheses of aging in electrophysiological
components of facial emotional expression. Two groups of healthy participants, young adults
and older adults conducted a facial expression discrimination task while being measured by
EEG. Results show that joyful faces are easier to process by young and older people as meas-
ured by accuracy, but also as measured by amplitude even in early stages of processing such
as 150-200 msec poststimulus. Furthermore, in both behavioral and electrophysiological
measures, older people had a greater difficulty in processing all-but-joyful facial expressions,
thus verifying the original hypothesis. The N170 component appeared in parietal-occipital
electrode sites where significant differences were also found in all subjects in processing joy-
ful vs all-but-joyful emotional expressions. This study is in support with other studies sug-
gesting that the N170 is modulated by facial emotional expression (Blau et al., 2007). In elec-
trode sites where the N170 is located, all participants were facilitated by joyful facial expres-

sion. This is in accordance with previous studies reporting that the N170 component in happy
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faces appears earlier and with a lower amplitude than fearful or surprised faces (Batty &
Taylor, 2003) . The smile, or the joyful expression has a universal privilege in processing fa-
cilitation. Furthermore, a late peak is also apparent in data as reported in many studies (Eimer
& Holmes, 2007) indicating that there is a continued evaluation process of the emotional ex-

pression.

Concerning aging, the present results contribute partly to a frontal lobe human specif-
ic compensation hypothesis (Gunning-Dixon et al., 2003) through the examination of pro-
cesses that are said to be mainly processed by the frontal lobe. Further studies must establish
this difference by using later ERP components which are located in frontal areas of the brain.
Despite this, these results are in accordance with other studies using clinical populations
which present abnormalities in emotional processing in behavioural measurements , where
the N170 amplitudes appear different than in healthy controls (Feuerriegel et al., 2015;
Ibafez et al., 2012).

Overall, this study attributes to the investigation of emotion recognition declines hap-
pening with aging by providing an indication of an electrophysiological measure that can be
used to examine emotion expression recognition in aging, and its relations to the behavioral
performance discrepancies in emotional recognition tasks that is described in literature, as
well as in the Metaxas (2015) study. On aging, this study’s results support a positivity effect.
Through behavioral data results as well as ERP results, the interaction between stimulus types
by age group indicates that older adults continue to process effectively joyful faces similarly
to younger adults. However, their ability to process other facial emotions is not at the same
level as compared to the younger adults as demonstrated by differences in electrophysiologi-
cal findings and behavioral findings. This is in support of previous studies reporting such an
effect on face processing with aging (Gunning-Dixon et al., 2003) . Nevertheless, although
this result does contribute to a positivity hypothesis, it is unclear if this is a result of the level
of processing that was needed for this task, which was easy (still photos), or due to other rea-
sons as reported in the literature (e.g., motivational reasons — the positivity hypothesis in ag-
ing). In experiment 4, more comparisons will be made in order to examine Metaxas’ (2015)
suggestion that positivity in facial expression is a result of easiness-to-process a joyful ex-

pression.
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Chapter V

Experiment 3: Humor discrimination electrophysiological counterparts in young and

older adults

Summary of Experiment 3

Humor perception is an area not much studied by neuroscience. Cognitive Theories on humor
are based on the resolution of an incongruity. This study aimed to explore the correlates of
humor perception in young and older adults. Twenty one older adults and twenty two young
adults matched in years of education and gender were presented with cartoons containing
funny punchlines and cartoons without a funny element while simultaneously being measured
by a 64 electrode EEG system. Behavioral results show that older adults had significantly
lower accuracy to distinguish non funny cartoons. An EEG wave band analysis showed sig-
nificant differences in delta band activity between funny and not funny items in the medial
frontocentral electrodes and main effects for age group with older participants having higher
delta wave activation as well as an interaction of age and type of stimuli in posterior electrode
sites. Results contribute to the role of different brain regions in humor perception as well as
the effects of aging in inhibitory processes of the brain.

When referring to humour processing in cognitive science literature, we usually speak
of those elements in language or in visual stimuli not containing language such as a cartoon
or a picture or video that contain an element of semantic ambiguity that is being resolved in
an unexpectedly funny way. Theories on humour usually describe this process as a two-stage
or three-stages. The two stage model, initially proposed by Sulz (Sulz, 1972), proposes that:
first, an incongruity in the series of stimuli is encountered, followed by a second stage where
the incongruity is resolved. Resolution is what is hypothesised to cause the humorous behav-
ioural reaction. More recent versions of this model have included a third stage where the
resolution brings up a pleasant emotional response ( e.g. Tu et al., 2014) or a previous stage
where the setup of the humorous scene is done before the incongruity detection (Attardo,
1997).

But this notion of semantic ambiguity is not considered adequate and comprehensive
enough to account for all required elements for cognitive processing of humour. One critique
to the stage model states that it doesn’t include the requirement for general social knowledge
outside of the joke context (Channon, 2007) . Other critiques point out that not all humour is
based on incongruity and even some humour does not contain incongruity at all (Forabosco,
2008). For the purpose of this study incongruity is the concept upon the experimental design

was built and other kinds of humour were not examined.
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Neurophysiological substrates of humor perception

What are considered the neural mechanisms underlying humor processing? In a re-
view by wild (Wild, Rodden, Grodd, & Ruch, 2003), the areas that are most considered to be
associated with humor perception include the Right frontal cortex, medial ventral prefrontal
cortex, right and left posterior temporal regions. Frontal and temporal areas are very often
reported (Amir, Biederman, Wang, & Xu, 2015) but also the left? temporoparietal junction
which is considered an area where semantic appreciation and mentalizing takes place (Bekin-
schtein et al., 2011(Lombardo, Chakrabarti, Bullmore, & Baron-Cohen, 2011).

Incongruity is a concept tightly connected to language comprehension and pragmat-
ics. It refers to the identification of an odd part in a series of stimuli, in this case a part that is
later resolved in a humorous way. In respect to humor, the same neural substrates seem to
support an incongruity element regardless of the stimulus presentation modality (i.e. verbal or

pictorial/drawings) (Wang et al., 2017).

Incongruity was studied as a concept in detail in studies comparing incongruous end-
ings of a joke with other endings of the same joke Studies with different cartoon endings
(where the incongruity is not resolved) (Tu et al., 2014) as well as in studies where the stage
model was examined and incongruity was resolved (Vaid et al., 2003). Neural circuits under-
lying the process of incongruity resolution have been examined in a small number of studies.
These studies seem to contribute temporally to three different processes related to different
topographies: first the detection of incongruity which appears as a negative ERP deflection
around 400-500 msec (N400) and is located in mainly the left frontocentral regions of the
brain (Bekinschtein, Davis, Rodd, & Owen, 2011), a positive deflection that is associated to
incongruity resolution around 600-800 msec poststimulus and is located in mainly posterior
regions (Du et al., 2013), and in some papers, a third component at 1000-2000 msec post-
stimulus in posterior and anterior regions suggestive of the emotional appreciation of the
stimulus after incongruity is resolved (Du et al., 2013; Tu et al., 2014).0On the same late post-
stimulus window, a slow wave (1-3.5 Hz) positive deflection in humorous cartoons and jokes
has been identified which is also said to be relevant to the emotional appreciation of the stim-
uli (Feng et al., 2014), where a difference in frequency power between humorous and non-
humorous videos was found in the frequency range of 28-32Hz (Ramaraju, lzzidien, &
Roula, 2015).

Cognitive requirements of humor perception
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Humor is a complex human behaviour that entails a number of mental skills. In order
to understand many types of humour, theory of mind or mentalizing skills are needed (for a
review on theory of mind its role to SC and aging see introduction). A very important part of
humour mentioned in this review is social inferencing, a skill that is also considered a major
part of what most types of humour entail. This connection is also what establishes humour
perception as a SC measure. In a review paper on the cognitive substrates of humour
(Channon, 2007), humour is connected closely to theory of mind as in many studies perfor-
mance on humor tasks is related to the performance in mentalizing tasks. In a paper where
the effects of aging on humor comprehension were measured, mentalistic and non mentalistic
questions were made to participants on the tasks; the older group selected significantly fewer
correct punchlines from alternatives than the other groups. They were also poorer at answer-
ing mentalistic questions (such as “What did the visitor think when he heard Martin speak™),
but did not differ significantly for non-mentalistic questions (such as “Did Martin work in an

office?”).

Humour perception and interpretation is heavily relied on intact language abilities
which are largely maintained in older adulthood (Albert, 1981 Constantinidou et al., 2012;
Giogkaraki et al., 2013; Uekermann, Channon, & Daum, 2006). Individuals with semantic
impairment secondary to dementia or stroke, systematically demonstrate difficulties in pro-
ducing and interpreting humor (Wild et al., 2003) In addition to language abilities, humor
perception is very closely connected to executive functioning abilities. For example, it re-
quires the deployment of inhibitory processes when having to inhibit a dominant meaning in
order to identify and resolve the incongruity. Normal aging does affect several aspects of ex-
ecutive functioning and there is a link between language abilities and executive performance
in older adults (Zelazo et al., 2004). , and this coincides with the prefrontal lobe dysfunction
hypothesis in normal aging (West, 2000).

This study aims at adding knowledge to an emerging area of interest, that of humour
perception and normal aging. The hypotheses are derived from two bodies of literature, a. the
humour perception literature mainly involving the incongruity hypothesis and associated
electrophysiological substrates, and b. the aging literature with a focus on executive language
and language comprehension abilities. Two groups of participants, young and old, were asked
to report if cartoons containing language were funny or not, while simultaneously being
measured by EEG. The nature of this task will explain the point up to which compensation

processes in brain aging are able to compensate for a task that involves language processing
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as well executive functioning up to some extent. It is expected that exposure to funny vs. non
funny items will result in electrophysiological differences for both groups as measured by
time frequency analysis. This will happen due to the element of incongruity resolution in
funny items. Furthermore, although concerning the older adults group, differences between
funny and not funny items on behavioural measures are not expected to be significant, due to
the nature of the task requiring different cognitive functions, it is still expected that there will

be significant differences on an electrophysiological level between groups.

Methods
Participants

Twenty one older participants (11 females, 10 males matched with twenty three
young adults (11 females, 11 males) were included in this experiments. These participants
were selected from a larger sample of volunteers. Left handed participants and participants
with EEG signals containing large amounts of noise were excluded. Table 15 presents de-

scriptives on the years of education for the two age groups.

Table 15. .Descriptives for years of education for the two age groups

Group N Min Max Mean (SD)
Older Participants 21 12 20 15.57 (2.171)
Younger Participants 23 12 20 15.33(2.244)

A t-test between groups on years of education was not significant, t(42)=.348,
p=.729. All of them were generally healthy, without prior history of neurological or psychi-
atric problems. The sample size calculated to reach an effect size of 0.85 on repeated
measures ANOVA between subjects, within subjects and interaction effects was minimum 16

participants per group (calculations were made with G-Power 3.1 software)
Procedure

All testing took place at the Center of Applied Neuroscience, University of Cyprus.
Participants were recruited with a snowball sampling method. They were informed of the ex-
perimental procedures which included the cognitive assessment, the humour tasks, and the

EEG measurements and they provided their written consent. The recommended standard pro-
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cedures for the placement of the 64 electrode system cup were followed. Participants attended
a brief training session to ensure that they are able to follow the experimental procedures of
the study. All stimuli were computerized and special instructions for not moving were given

in order to minimize noise.
Research Questions

Are there electrophysiological differences in time frequency analysis obtained by the pro-

cessing of funny vs. non-funny items between the two groups?

Avre older adults as accurate as younger adults in discriminating between funny vs. non-funny

items?
Materials
Behavioral description

Seventy cartoons by a well-known Greek cartoonist (APKAX http://www.arkas.gr/)
were selected from all his publications (permission was obtained by the cartoonist). Punch
lines on the cartoons were presented gradually (5 seconds for the first lines and 3 seconds for
the punchline which contained a maximum of 6 words). Cartoons having a humorous social
inference (36 cartoons) as well as cartoons without a funny element (34 cartoons) of the same
characters were presented and participants were asked to indicate if the cartoon was funny or
not on a new screen (for a description of the piloting procedure refer to the general methods

section). Reaction time and accuracy were measured as well as EEG recordings.
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noyYy HZIovYn
TOIH 2PAj

noyYy HZIovYn
TOXIH 2PAj

ZOrrPAPIZA!

Fig 14. Example of a non-funny cartoon of sparrow father and son series

AOCINON, O BHXAZ zov

EXEl KAAYTEPEVEI NoAy! AOINON, O BHXAZ zovY

EXEl KAAYTEPEVE! NOAY!

E,BEBAIAL. A®OY
EXAIKOYMAl TOZES

Fig 15. Example of a funny cartoon of the Sparrow father and son series
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Tasks which were presented required a behavioral response limited to pressing one of
two buttons on the computer keyboard. Behavioral measures were also collected (reaction

time, accuracy).
Electrophysiological measurements

The data acquisition equipment was a high-density EEG/ERP recording system, an
unshielded 64-channel BIOSEMI Active-Two. Samples were taken on a 256Hz sample rate

with an online average reference.
Analysis (behavioral-electrophysiological)

Behavioral measurements were performed and analysed in the Statistical Package for
the Social Sciences- IBM SPSS 24. The experimental procedure and presented 2 problems:
Firstly, a definite time mark on when the punch line comprehension happened was not possi-
ble and significant amount of noise was present in the data due to a small number of trials.
An ERP analysis was excluded as an option. Instead, a time frequency- wave band analysis
during the period the sentence comprehension was expected to happen was performed (0-
1500 msec).

EEG signal segments from the presentation of the funny element line to 2sec after
were cleaned from artefacts due to external noise or muscle movements first by visual inspec-
tion for bad channels and then by software procedures. Artefact rejection and waveform aver-
ages were conducted with Brain Electrical Source Analysis — BESA 5.3 (www.besa.de) soft-
ware. Averaged segments were imported into MATLAB where a Fast Fourier Transform
analysis together with a Pwelch function calculation took place so that a single power meas-
ure for each wave band was extracted. The power rate on funny items and non-funny items
for each participant was then entered SPSS where a repeated measures ANOVA was con-
ducted with stimuli type (funny or not funny) as different (i.e. repeated) measurements and
group (old and young) as independent (i.e. between) factors. A large activation in the delta
band frequency (1.5-4Hz) was present in all participants in comparison to other frequencies.
Differences between groups and type of stimuli were also present in delta band as well as an

interactions between groups.

Results
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Behavioral results

The mean accuracy is displayed in table 16 for the two groups on the funny and non-

funny items.

Table 16. Mean accuracy (ACC) and reaction time (RT) for old and young group on funny

and non-funny items

Mean number of correct answers (out of 35)

(SD)
Old Young
N=21 N=20
ACC funny items 24.10 25.04
(6.5) (6.1)
RT funny items 4002.10 1850.30
(in msec) (7583.5) (1031)
ACC NON funny items* 18.95 27.00
(7.4) 4.7
RT NON funny items 2375.62 1826.57
(812.9) (801.6)

*p<0,0001

Behavioral scores were entered in a repeated measures ANOVA with group as the be-
tween subjects factor. Overall, older participants were equally accurate with younger partici-
pants in identifying funny or not funny items F(1,42)=1.02, p=0.318 . However, there was a
significant interaction of type of funny element*group (F(1,42)=5.06 , p=0.030 1n?=.103).
This interaction suggests that the two groups have different profiles in performance, with
younger adults having much better accuracy for non-funny items as compared to older adults.
Figure 17 is the graphic plot of the interaction effects. As it is shown in the figure, in non-

funny items the two groups have an attenuated difference between means in accuracy.

To examine this further, a t —test between groups was performed only on non-funny
items. Degrees of freedom reduced from 42 to 33 because Levene’s test indicated unequal
variances, F=9.01, p= 0.005, the difference between groups was significant t(33)=-4.27 ,
p=0.000 d=-1.4.
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Reaction time was not considered a reliable measure due to its great variance between

items. Therefore, reaction times were not included in the analysis.

Fig 16. Interaction between type (funny or not) by group (old and young) in behavioural

measures

Stimuli type*Age group
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EEG analysis

A time frequency analysis was performed in the window of 0-1500 msec poststimu-
lus. An attenuated activation on the delta wave band (0-4Hz) was observed. Power values of
each channel within that frequency range were entered into a Two way repeated measures
ANOVA with type (funny Vs not funny) as a within measures variable and group (old Vs

young) as a between measures variable.

Table 17 p values on delta band power differences among conditions for channels with signif-
icant differences

Channels Funny Vs Young Vs Type by Group
non Funny (type) Old (group)

AF7 0.034
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AF3 0.003

FC1 0.038
FPz 0.027

AF4 0.044

AFz 0.005

Fz 0.002

F2 0.013

F4 0.017

F6 0.013

FCz 0.014

PO7 0.035

Oz 0.015 0.026
T8 0.041

P2 0.024

P4 0.048
P10 0.055
PO8 0.015

02 0.044

Non funny items had significantly higher power in delta wave band on the first eleven
channels displayed on the table. On posterior channels, older participants had significantly
higher power in the delta wave band and in four cases the interaction between the two factors
was also significant. As it is shown on table 17, channels resulting in significant differences
between conditions seem to represent distinct electrode topographies that correspond to the
condition. The difference in delta wave band power was apparent (frontal for the type condi-

tion and parietal-temporal for the group condition- see figure 17).

A factor analysis was used to identify different groups of channels that had significant
differences either between age groups or between type of stimuli (funny Vs non funny) or an
interaction of the two in delta band activation. Initial eigen values indicated that the first three
factors explained 32%, 18%, and 9% of the variance in delta band frequency activation re-
spectively. The three factor solution, which explained 60% of the variance, was preferred be-

cause of its theoretical support since conditions seemed to differentiate factors effectively.
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Table 18. Factor loadings for channels with a significant p-value in the difference between
age groups, between type of stimuli or an interaction of the two in delta band activation.

Channels Factor 1 (type Factor 2 Factor 3
of stimuli)

Non funny 782 -.217 -.254

Non funny .865 -.103 -.080

Non funny 707 -.042 -.041

Non funny 723 254 121

Non funny 911 -.076 -.105

Non funny 874 -.245 -.090

Non funny 137 .009 -.147

1
N
[
SN

Non funny .892 -.096

Non funny 172 .020 -.156

Non funny .840 -.018 .065

Non funny 801 -.217 -.254

Non funny 215 .842 -.007

Non funny 197 874 .092

Non funny 413 .765 -.145
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Non funny .044 .265 -.670

P4 funny -.255 -.060 .676
Non funny -.182 .019 .614
P10 funny .206 873 204
Non funny 129 .700 .025
POS8 funny .055 .824 -.322
Non funny .056 .750 -.349
02 funny -.187 .288 .664
Non funny -.220 ATT -.229

(Factor 1 explains 31.99% of the variance while factor 2 explains 18.22% of the variance

and factor 3 explains 9.43% of the variance)

Factor loadings differentiated effectively the conditions of the experiment. Factor 1
grouped together all electrode sites that had significant differences on delta band frequency
activation on funny vs non funny items. Factors 2 and 3 grouped together all electrode sites
that had significant differences in delta band activation frequency in different age groups or
an interaction between age group and type of stimuli. Different groupings also have distinct

topographies on electrode sites as it is shown on figure 16.
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Fig 17. Topographies of electrodes with significant p values for the two different factors

Type
Group/
Type*Group

Factor 1 is located in frontocentral electrode sites, bilaterally. Factors 2 and 3 are located

primarily in right posterior electrode sites with some representation in the left posterior area.

Discussion

Two groups of participants, old and young matched in gender and years of education
were presented with an experimental task where they were asked to decide if cartoons con-
taining captions were funny or not. Accuracy measures and EEG measures were collected
simultaneously. Behavioral results do not show significant differences between conditions on
accuracy or reaction time. A significant interaction between conditions was found, where in
non-funny items the difference between groups was significant favouring younger partici-
pants. A time frequency analysis revealed differences between conditions in the delta waves

power (0-4Hz) in a number of electrodes. Delta band power was higher in non-funny items
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for some channels, and in other channels it was higher in older people or had a significant
interaction between conditions. A factor analysis on the channels that showed significant
power differences showed they can be grouped to at least two components by condition (type,
group). Furthermore, the locations of electrodes are pointing out at distinct electrode sites,
namely a bilateral medial frontal area and a right posterior electrode site region with some

representation in the left posterior area as well.

This study used the differences in the power spectrum of delta band (0-4Hz) as a
measure. The study of Delta band waves was not extensively studied with individuals who
are engaged in a cognitively rigorous task. The present study makes a contribution in this
emerging body of literature Studies examining this wave spectrum usually concern deep sleep
or animal studies. Despite this, a few studies have investigated the role of delta oscillations in
cognition and specifically in attentional processes. Delta waves are reported to be implicated
in attention, salience detection, and subliminal perception (Knyazev, 2012). Other studies
support that delta waves are connected with the activity of motivational systems and partici-
pate in salience detection, so that an increased slow-wave activity can be associated with
cognitive declines and a lack of inhibitory control (Knyazev, 2007). The relation of delta
wave increase with a lack of inhibition is also reported in several other studies that Harmony
(2013) reports in a review on delta activity and attention. They propose that sustained delta
oscillations inhibit interferences that may affect the performance of mental tasks, possibly by
modulating the activity of those networks that should be inactive to accomplish the task and
are associated with functional cortical differentiation, or inhibition of the sensory afferences
that interfere with internal concentration. These inhibitory oscillations would modulate the
activity of those networks that should be inactive to accomplish the task. Another study fo-
cuses in the appearance of delta waves when there is an increase in attention to an internal
process (T Harmony et al., 1996).

On a paper on visual perception Helfrich et at (2017) support that delta activity on
visual perception stems from the prefrontal lobe and controls alpha activity selectively facili-
tating visual perception. (Helfrich, Huang, Wilson, & Knight, 2017). In the current study, a
delta band power was calculated in a large time window (0-1500msec), thus incorporating all
processes that are described in literature. It is possible that in earlier temporal windows (be-
fore 400msec poststimulus), the delta difference between groups can be explained by the
brain’s attempt to modulate visual perception, but in line with the prefrontal lobe aging hy-

pothesis favouring younger people.
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Although this experiment design didn’t have the perspective of a clear temporal win-
dows distinction (the “comprehension of the punchline” time trigger was not possible to be
strictly identified), some of the results concerning the distinct components according to con-
ditions and electrode sites can be an indication of different processes going about in humour
perception. As reported in the literature, in early stages of humour perception (400-500msec),
very often a medial frontal and prefrontal area is involved in the incongruity identification
stage (Du et al., 2013), which coincide with electrode site areas that represent channels which
presented significant differences concerning the type of stimuli (non-funny items vs. funny).

Slow wave activation has also been reported in later stages of humour perception
(Feng et al., 2014), and temporally different processes involving posterior regions such as the
temporoparietal junction. In this study, in another cluster of electrodes differences were iden-
tified between old and young participants in posterior electrode sites. This is related to the
time window where attention needs to modulate cognition and EF become more necessary,

resulting in aging effects being more apparent.

Delta wave band differences have been related to an inability of inhibitory processes.
It has been reported previously in the literature that aging affects inhibitory processes to a
significant degree (Dustman, LaMarche, Cohn, Shearer, & Talone, 1985; Hasher et al., 2001;
von Hippel, 2007). It is possible that the significant difference in delta waves power between
the old and young participants group may be attributed to such a lack of inhibitory control

with aging.

Can this difference in some channels and topographies in older people as well as in
behavioural results be attributed to different findings concerning theory of mind tasks or lan-
guage tasks in aging? Older people seem to be performing equally to young people in funny
items, but do have a difference in distinguishing non funny items as well as presenting a
higher delta band activation in posterior electrode sites. Does this have to do with the systems
lack of connecting information, a function often attributed to the temporoparietal junction
(Saxe, 2006) ? Or can it be attributed to a difficulty to mentalize and resolve the incongruity
involved in humour perception (Uekermann, Channon, & Daum, 2006)? Further connections
to SC, aging and their components will be made in experiment four. Further studies should

aim at establishing a temporal picture of the processes happening in humour perception and

aging.
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Chapter VI

Experiment 4: SC in normal aging: Relationships between behavioural and electrophys-

iological measures

Summary of Experiment 4

SC in normal aging is mainly based on a ‘cognitive functions compensation and a frontal lobe
decline’ hypothesis. Previous experiments in this study established that normal aging results
in decline in certain aspects of EF that also affect components of SC. In this experiment,
twenty-eight older participants and twenty-seven younger participants matched in gender and
educational level were tested in a series of neurocognitive and SC tests and in two experi-
mental tasks while EEG measures were recorded. Behavioural and electrophysiological
measures were analysed indicating that the positivity effect in facial expression recognition is
more related to still vs. dynamic stimuli, humor discrimination task performance is related to
EF performance and overall SC performance is related to executive function performance.
Results contribute to answering questions on how far can compensation processes in brain
aging recover SC functions, and to the relationship of SC with executive functioning.

The daily demands of SC tasks during normal conversation involve timed responses
and intact speed of processing along with other neurocognitive abilities such as working
memory and aspects of executive functioning (emotional inhibition, cognitive, shift, and im-
plementation of strategies). Research has demonstrated that these related abilities can be af-
fected by healthy aging and can cause reductions in SC performance. SC deficits associated
with aging gradually add up to a social skills decline in older adults (von Hippel, 2007). It is
therefore important to examine the intersections of SC with neurocognition and determine

which aspects of EF are relevant to SC components (Salthouse, 2000; West, 2000).

As previously mentioned in this dissertation, older adults are able to maintain certain
cognitive-linguistic abilities, including semantic knowledge and receptive vocabulary. These
abilities are associated with crystalized intelligence or ‘hold’ tasks and while they are affect-
ed by their level of education, they are resistive to the effects of aging. It has been hypothe-
sized that some aspects of cognition are compensated through aging. Older adults use other
areas of the brain, mainly the frontal lobes in different kinds of tasks. In some tasks they are
able to even reach a similar performance as younger adults in tasks that are considered to be
examining crystallised intelligence, such as vocabulary tests or language tests that are not
time limited with simple stimuli (Albert, 1981). This compensatory mechanisms of the brain
are noticed also in brain activation, where other brain areas, mainly the frontal lobes are more

activated in older adults , even in tasks that are not processed by the frontal lobes in younger
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adults, a result that was also implied in experiment 2 of this study (Park & Reuter-Lorenz,
2009; Reuter-Lorenz & Cappell, 2008).

In a study of SC in normal aging, Metaxas (2015) has found that executive function-
ing performance does affect SC performance in the emotion recognition tasks but not in tasks
related to language components such as the proverbs test, a test that is used also in this study.
He also noted that what is considered as the positivity hypothesis in aging, a hypothesis main-
ly proposed to describe a series of behaviors in older adults who are considered to be focus-
ing on positive experiences due to motivational reasons (Mather & Carstensen, 2005), does
not seem to be the case in facial expression recognition. Alternatively, he proposes that posi-
tive facial expressions enjoy a privilege in processing as long as the stimuli remains simple.

His findings support the idea that dynamic stimuli do not show the same pattern of results.

Prior to experiment 4, three experiments were conducted incorporating behavioural
and electrophysiological measures of neurocognition and SC. In experiment 1, age groups
were compared on behavioural measures. Results showed that older people perform signifi-
cantly lower in tasks of memory (verbal and spatial memory), and in executive functioning
tasks such as complex visual processing and visual-spatial organization, visual scanning,
mental flexibility and non-verbal symbolic processing and in emotional recognition measures
with animated stimuli. Performance in language measures as well as emotion recognition per-

formance of static images was not significantly different in age groups.

In experiment 2 where participants were tested on a facial expression recognition par-
adigm, results showed that joyful faces were easier to process by young and older people as
measured by accuracy, but also as measured by amplitude even in early stages of processing
such as 150-200 msec poststimulus. Furthermore, in both behavioral and electrophysiological
measures, older people had a greater difficulty in processing all-but-joyful facial expressions,
thus verifying the original hypothesis. The N170 component appeared in parietal-occipital
electrode sites where significant differences were also found in all subjects in processing joy-
ful vs all-but-joyful emotional expressions. Significantly higher amplitudes were observed on
the 150-200-time window in older people over frontal and central electrodes.

In experiment 3 where participants performed a humor discrimination task, bbehav-
ioral results did not show significant differences between conditions (funny-non funny,
young-old) on accuracy or reaction time but a significant interaction between conditions was

found where in non-funny items the difference between groups was significantly favouring
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younger participants. A time frequency analysis revealed differences between conditions in
the delta waves power (0-4Hz) in a number of electrodes. Delta band power was higher in
non-funny items for some channels, and in other channels it was higher in older people or
resulted in a significant interaction between conditions. A factor analysis on the channels
that showed significant power differences showed they can be grouped into at least two com-
ponents by condition (type and group), and the locations of electrodes are pointing out at dis-
tinct electrode sites, namely a medial frontal area and a right posterior electrode site region.
Below, you can see a schematic representation of all results of this experiment.

Table 19. Summary of all results

Significant differences between age groups

Behavioral results Electrophysiological re-
sults

Memory tests YES NA
Executive Functioning tests YES NA
Emotion recognition dynamic YES NA
stimuli
Emotion recognition still stimuli  NO NO
joyful images
Emotion recognition still stimuli  YES YES (in visual pro-
all-but-joyful images cessing electrode sites)
Humor discrimination funny NO YES (in language pro-
items cessing areas)
Humor discrimination non fun- YES YES (in language pro-
ny items cessing electrode sites)

This experiment aims at examining associations between behavioral and electrophysi-
ological measures so that a more comprehensive set of conclusions on how aging affects SC
and neurocognition can be drawn. Performance on SC measures was compared to cognitive
test results in order to determine relationships that are relevant to the age-induced cognitive

decline on SC and the level of interdependence between cognition and SC in aging.
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For older adults, it has been previously reported in the literature that social skills may
cither not deteriorate due to “social wisdom” (in the case of Theory of Mind, see Moran,
2013) or deteriorate as a result of a decline in EF (von Hippel, 2007). It was expected that
older adults would exhibit a corresponding decline in executive function measurements and
SC measurements. Furthermore it was expected that SC performance would be lower for old-
er adults in emotion recognition tasks, especially in tasks that involved dynamic stimuli, as
Metaxas (2015) reported. It was also expected that performance in executive functioning
would be related to SC tests performance. It is yet to be seen if language tests would be relat-
ed to performance in the humor discrimination task as measured by behavioral (accuracy and
reaction time) and electrophysiological indices (peak amplitude, latency and delta frequency)

for both groups.

Methods
Participants

Twenty-eight older adults (mean age M= 68,46 min 65 max79,15 females, 13 males)
were matched with twenty-seven young adults (mean age M= 33,68 min 28 max 42, 14 fe-
males, 13 males) on gender and years of education.

For this experiment MANOVAS and Canonical Correlations were used. Power analy-
sis for a MANOVA with two levels and three dependent variables was conducted in G-Power
to determine a sufficient sample size using an alpha of 0.05, a power of 0.80 and a large ef-
fect size f=0.40. Based on these assumptions the desired sample size is 20. Concerning a ca-
nonical correlation, for a large effect size p=.50 for a two tailed alpha of .05 and power =.80
it was determined that a sample size of 26 is required.

Procedure

Participants were tested at the Center for Applied Neuroscience in Central Campus, Universi-
ty of Cyprus. Participants were informed of the procedure (concerning cognitive assessment

and EEG measurement) and signed a consent form.

Experimental setting procedures for the ERP: The equipment for the ERP measure-
ments is located in a specially designed laboratory room at the Center of Applied Neurosci-

ence, University of Cyprus. The recommended standard procedures for the placement of the
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64 electrode system cup were followed. The participants participated in a brief training ses-
sion to ensure that they are able to follow the experimental procedures of the study. All stim-
uli were computerized and special instructions were given in order to minimize noise. For

further details on procedure please refer to chapter Il general methods section.
Research Questions

Is there a difference between groups in facial recognition performance when processing dy-

namic and non-dynamic stimuli as measured by electrophysiological and behavioral indices?

Is performance on humor discrimination measures and other SC tasks related to language

measures and to EF measures across groups?
Materials

A series of neurocognitive test measuring executive functioning, memory and lan-
guage was administered as well as a SC battery. Two experimental tasks, namely a facial ex-
pression recognition task as well as a humor discrimination task were also administered to the
participants with simultaneous EEG recordings. (For description of the tests and experimental
tasks refer to the general methods section)

Analyses

Data were collected from all experimental procedures described prior to this experi-
ment. All data extracted from other experiments were entered IBM SPSS statistics 25 where
MANOVA in on case followed up by a K-cluster analysis to establish what variables separate
better the two groups , and canonical correlations to establish correlations between general
variables such as executive functions and social cognition were performed. All data used

were examined and found adequate for normality.

Results
SC and aging

To examine if SC performance is different between age groups the SC measures were
put together from the two categories: emotion recognition, social inference. Age group per-
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formance on all measures was entered into a MANOVA with test scores as dependent factors

and age group as a fixed factor.

Table 20. Descriptives for emotion recognition measures

Measure Group Mean
(SD)

Older Younger
CAM faces 30.11 (5.050) 35.11 (4.484)
CAM voice 31.32 (3.465) 34.00 (2.287)
Speed movies 56.69 (8.049) 70.35 (5.433)
N170 amplitudes joyful -.91 (1,99) -2.8 (2.3)
Face recognition all-but- 80.08 (11.957) 88.86 (5.783)

joyful accuracy

Table 21.Descriptives on social inference measures in the two age groups

Measure Group Mean
(SD)
Older Younger
Humor Discrimination ac- 18.95 (7.386) 27.00 (4.661)
curacy on non-funny items
Humor discrimination del- 10.17 (11.63) 3.21(3.79)

ta wave band on posterior
cluster electrodes non fun-

ny items

All measures had significant differences in individual ANOVAS (refer to experiment
1). All SC measures were entered a MANOVA where there was a statistically significant ef-
fect of age group on performance on SC measures F (11, 21) = 5.848, p < .0001; Wilk's A =
0.754, n*=0.754

Language, aging and SC

Language measures were entered in a MANOVA to examine if language measures

performance was different according to age group
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Table 22 Descriptives on language measures in age groups

Groups means

(SD)
Older Younger
Proverbs test 23.46 (2.996) 22.96 (3.075)
PPVT 28.43 (2.150) 26.89 (4.228)

There was not a significant difference between age groups in language test performance F (2,
48) = 1.391, p>0.05; Wilk's A = 0.945

A bivariate correlational matrix between the humor recognition variables and the lan-
guage variables showed no significant correlations between variables belonging to the humor
recognition with language measures. A canonical correlation also revealed no significant ca-

nonical function.
SC and EF

To test whether EF measures were related to the SC measures a set of two different
canonical correlations were performed. First, emotion recognition measures relationship with

executive function measures was explored.

A canonical function that is significant emerged with r=.909, p=0.006. Emotional
recognition variables that had the highest coefficients were CAM Faces (1.01), Speed movies
(.289) and emotional faces accuracy in joyful faces in a negative way (-.392). Executive func-
tioning variables that had the highest coefficients were Towers of Hanoi time of completion
(-.594), Rey complex figure copy (.449) and symbol digits test (.554). Other canonical func-

tions were not significant.

Following that, a canonical correlation was also performed to explore the relationship
of executive functioning measures with humor discrimination variables. A canonical function
that is significant emerged with r=.843 , p<0.0001. Behavioral accuracy had a higher coeffi-
cient, accuracy on non-funny items (-.848), accuracy on funny items (-.635) and on the EF
measures the symbol digit test (-.580) and the trails B (.395). Relations between humor ap-

preciation and the trails test were found also elsewhere (Shammi & Stuss, 1999).

The positivity hypothesis
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Special measures to assess the positivity hypothesis were combined in two separate

MANOVAS with age group as a between subject variable.

Table 23.Descriptives on non-positive measures

Measure Group Mean
(SD)

Older Younger
Speed movies errors on all 37.88 (6.96) 24.81(5.11)
but joy
Emotion recognition accu- 80.08 (11.957) 88.86 (5.783)
racy all but joy
N170 amplitude on all but -.72(1.75) -1.67(1.19)
joy

On non-joyful facial expressions recognition measures, older participants had significantly
lower performance F(3,33)=16.669 p<0.0001; Wilk's A = .405

Table 24.Descriptives on positive measures

Measure Group Mean
(SD)
Older Younger
Speed movies errors on joy 1.42 (1.88) .85 (.925)
Emotion recognition accu- 89.67 (8.045) 93.41 (3.892)
racy joy
N170 amplitude on joyful -,91 (1,99) -2.8(2.3)

On joyful facial expressions recognition measures, older participants also had signifi-
cantly lower performance F(3,33)=16.669 p<0.0001; Wilk's A = .405 although on separate
ANOVAS (refer to experiment 1) still images measures did not present significant differ-
ences. For the purposes of this analysis the still measures used were the measures from the
experimental facial expression procedure and dynamic measures were CAM faces and voice

test as well as the speed movies test.

To further examine this hypothesis of still vs. dynamic stimuli as Metaxas (2015)

suggested, a k-means clustering procedure was followed to examine which category better

74



separates age groups. The confusion matrices of the clusters created for still and dynamic

stimuli are presented below

Table 25: still stimuli clusters Table 26: dynamic stimuli clusters
1 2 1 2

Young 18 0 Young 1 25

old 12 9 Old 18 8

As we can see from the matrices, dynamic stimuli are much more precise in differen-

tiating the two age groups.

Discussion

This study aimed at combining the results of three other studies to reach conclusions
regarding the basic hypotheses concerned in literature of SC and normal aging. Two groups
of participants matched in gender and educational level were tested in a series of neuropsy-
chological and SC tests as well as two experimental procedures (emotion recognition in still
faces, humour perception), the latter with simultaneous EEG recordings. Analyses were made
to establish the relationship between these measures and their ability to distinguish age
groups. Results show that older participants perform significantly different than young partic-
ipants in measures of emotion recognition and in all SC and executive functioning measures.
Differences in language measures were not significant. Performance yields a positivity effect
for static measures. However, positivity effects disappear during dynamic measures, similar
to Metaxas (2015) findings.

Humour perception performance did not correlate with language performance on se-
mantic knowledge and proverbs test. However, humor perception performance correlated
significantly with executive functioning measures measuring inhibition and control. This
finding clearly demonstrates that while humour perception requires an intact language sys-

tem, it is more related to executive functioning—Performance on all SC measures correlated
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significantly with executive functioning demonstrating the strong bond between the two sets

of complex processes.

The results of this make significant contributions to our understanding of the interplay
between important cognitive functions such as SC, language, and executive functioning and
the effects of healthy aging. Specifically, the study demonstrated that both SC and executive
functioning abilities as clusters decline with age. In contrast, language abilities as measured
by the vocabulary test and the proverbs test as well as the humor discrimination on funny
items remained intact. Furthermore, performance on executive functioning predicted perfor-
mance on SC measures as already described in the literature (von Hippel, 2007). The current
findings expand the existing literature by providing insights concerning the limits of compen-
sational mechanisms in normal aging. They also enrich the existing literature by providing
data on different aspects of SC and their relationship with EF and aging. Analyses on the hu-
mor discrimination task used, give support to the theoretical connection between humor per-
ception and executive functioning (Shammi & Stuss, 1999). Furthermore, the results shed
light on the declines appearing in SC modules such as emotion recognition. In emotional
recognition Metaxas’ (2015) suggestion on the separation of emotional recognition to still
and dynamic where the positivity effect disappears, finds support. Furthermore, due to the
different data sources and sample used in this study a proposal on an explanation for this ob-

servation is made. This discussion continues in the next section, as general discussion.
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Chapter VII

General Discussion

. This study’s main aim was to begin a systematic research program in order to bridge
the research gap between behavioral and electrophysiological components of SC in normal
aging. Four experiments were designed to systematically explore different behavioral, cogni-
tive, and neurophysiological underpinnings of SC. In the first three experiments, electro-
physiological and behavioral data collected on neurocognition and SC functions were ana-
lyzed and explained in the context of normal aging. In the fourth experiment, data from the
three experiments were synthesized in an attempt to draw conclusions and advance the cur-
rent State-of-the-Art in SC theory and aging.

The aim of Experiment 1 was to determine whether aging affects neuropsychological
functions or SC measures. Results showed that older people perform significantly lower in
tasks involving verbal and spatial memory, in spatial construction ability, visual scanning and
tracing—executive function abilities—and in emotional recognition measures with dynamic
stimuli. However, performance on language measures and on still image emotion recognition
was not significantly different across age groups. The results of this experiment contribute
towards a SC model in aging which supports the notion that some neurocognitive and social
cognitive abilities are stable across time whereas some other aspects requiring dynamic and
online processing abilities are affected by aging. This was further examined in experiment 4.

The aim of Experiment 2 was to test basic hypotheses on aging and SC by measuring
electrophysiological components of facial emotional expression processing. Results showed
that joyful faces were easier to process by both younger and older people as measured by ac-
curacy and ERP amplitude. This was true even in the early stages of processing (150-200
msec poststimulus, or N170) with regards to ERP peak amplitude.

However, the experiment resulted in group differences during processing of all-but-
joyful facial expressions”. First of all, older adults demonstrated significantly decreased accu-
racy in the behavioral measures. Secondly, the N170 component appeared in parietal-
occipital electrode sites where significant differences were also found in all subject data when
processing joyful vs all-but-joyful emotional expressions, with some sites showing this type
of stimuli difference only in older adults. Finally, significantly higher amplitudes were ob-
served in the 150-200msec time window in older people via frontal and central electrodes for

all types of stimuli. The findings of this study gave further insights into emotional expression
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processing in aging, indicating that aging differences can appear in early stages of stimulus
processing.

In Experiment 3 participants were presented with an experimental task on humor per-
ception where they were asked to decide if cartoons with language elements were funny or
not while simultaneously being measured by EEG. Behavioral results were not significantly
different between conditions in terms of accuracy or reaction time, although older partici-
pants had a significantly greater reaction to non-funny stimuli. A time frequency analysis re-
vealed differences between conditions in the delta wave power band (0-4Hz) in a number of
electrodes. Delta wave band power was higher in non-funny items for frontal channels; in
posterior channels it was higher in older people or had a significant interaction between con-
ditions. A factor analysis of the channels with significant power differences also showed that
channels can be grouped into at least two components by condition (type, group), and that the
locations of electrodes point to distinct electrode sites—a medial frontal area where elec-
trodes differed according to the type of stimuli, and a right posterior electrode site region
where electrodes differed according to age group. Results can be used to identify humour
processing decline and the interaction with compensational mechanisms in aging.

Experiment 4 aimed at integrating the results of the three previous studies in order to
draw conclusions about basic hypotheses on SC and normal aging put forth by the literature.
Analyses were conducted to establish connectivity between most of the measures used in the
study and their ability to distinguish age groups. Results showed that older participants have
much more difficulty than younger participants in measures of emotion recognition and in all
SC and executive functioning measures. Differences between age groups in language
measures, however, were not as significant, as the literature suggests. Positivity measures
performance did vary according to age group, but as Metaxas (2015) has noted, when emo-
tion recognition measures are dynamic, the positivity effect disappears. Beyond Metaxas’
findings emotion recognition does seem to be compensated for in aging where stimulus pro-
cessing demand is limited. Moreover, humor perception task performance did not correlate
with language measures performance, but it did correlate significantly with executive func-
tioning measures, thus supporting the hypothesis that humor perception is not only a language
measure but also a cognitive measure. Finally, performance on SC measures was strongly
correlated with performance on executive functioning tasks.

The present study proposed a multidimensional theoretical model of SC with Emotion
Processing and Social Inference serving as key components (see Figure 1 in Chapter 1). Age

and EF would affect directly and indirectly SC abilities. The present study provides support
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to the above conceptual framework. Specifically, age was found to affect both EF and SC. In
turn, EF, seem to affect social cognition directly and through emotion processing and the so-
cial inference task used in this study.

The results of all the experiments taken together deepen our understanding of key are-
as of SC explored in this study. The following sections synthesize the results in order to ad-
vance the current State-of-the-Art in emotion recognition, humor perception and SC in nor-

mal aging.

Emotion recognition and SC in aging

Previous studies used facial expression to draw conclusions about the electrophysio-
logical components of emotion processing as well as to add to the theoretical framework of
SC as a whole (Adolphs, 2001). However, this study is one of the few to look at emotional
expression recognition in older adults and its implications for SC in aging by replicating the
finding that emotional processing happens in different areas of the brain for the aged
(Gunning-Dixon et al., 2003). An important new contribution of the present study is the find-
ing that the N170 is an adequate measure for distinguishing differences in emotional expres-
sion processing between age groups. An alternative explanation could be that the decline in
emotion recognition performance could be attributed in part to EF decline associated with
normal aging (especially in tasks with high demands in speed of processing). Future research
in this area should control for cognitive performance in order to ensure that general cognitive
abilities do not cause the emaotion recognition decline observed in the current study.

Another important contribution of the present study is that it determines the moment
when emotional expression starts to be processed. Studies on how emotional expression
modulates the N170 component have so far given contradictory results. Rellecke et al. (2013)
suggested that this difference among studies is related to methodological issues, and specifi-
cally the reference used with studies using the mastoids reference showing no results and oth-
ers using the average reference showing modulation by emotional expression. In the present
study, the average reference was used, demonstrating a modulation by type of expression. It
is important to note that the electrophysiological data were replicated by the behavioral re-
sults of this study, revealing that older adults were more accurate for funny items than non-
funny items, whereas for the younger group this difference wasn’t observed. Future studies
should examine whether the average reference is a more accurate reference for the measure of
the N170, while crosschecking results with established later electrophysiological measures

for face processing that can distinguish between age groups.
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Later components are also reported in the emotional expression processing literature.
A positivity around 270 msec as well as a N400 have been reported to appear in paradigms
with emotional faces stimuli (Sato et al., 2001). In the current study, data seems to indicate a
late positivity peak as appears on waveforms, but quantitative data were not extracted for ex-
amination in relation to the variables. Further studies should focus on examining these late
components in the same or a similar paradigm and population within a theoretical framework
for the modulation of attentional processes involving emotional expression.

Findings from the study reveal two processing areas, a frontal area (age groups differ-
ences) and a parietal-occipital area (type of stimuli differences). The differences between
groups in the frontal area may be explained by the compensation hypothesis in aging and the
prefrontal hypothesis (Reuter-Lorenz & Cappell, 2008), which argue that older people use the
frontal areas of the brain to process emotional expression in faces, whereas younger people
use more visual areas (Gunning-Dixon et al., 2003). The effects on the posterior regions of
the brain provide evidence of the integrative role of these regions and the important role they
play in SC by combining and integrating emotional stimuli (e.g. Saxe, 2006). The parietal-
occipital region was also found to be more activated across groups in all-but-joyful emotional
processing, and in older adults when presented with both funny and non-funny humor recog-
nition items. In the first case, increased activation could represent initial visual processing,
whereas in the second case it could represent another processing timeframe, i.e. synthesis of
different sensory input and the difficulty older participants in combining socially relevant in-
formation in such a complex task.

Behavioral and electrophysiological data from this study indicate that joyful facial
expressions are easier to process by older people. Metaxas (2015) argues that this difference
disappears when the stimuli become more complex, suggesting that the original difference
doesn’t stem from a motivational background related to positivity in late adulthood, but rather
from a processing privilege due to the developmental importance of the stimuli. Furthermore,
the differences in performance favoring still stimuli, even with a sample matched in years of
education (Metaxas did not control for education), reinforce the hypothesis that compensation
mechanisms triggered by aging are a more probable explanation for this phenomenon. Com-
pensatory mechanisms were also observed in the results of the humor discrimination experi-

ment.

Humor perception and SC in aging
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This study contributes significantly to our understanding of humor processing and
normal aging. Specifically, it demonstrates that compensatory mechanisms in normal aging,
as measured by electrophysiological indices, modulate humor perception. Furthermore, the
study provides evidence on how delta waves could be used to measure differences between
age groups in processing humorous and non-humorous depictions, which clearly require dif-
ferent levels of attentional resources, thus engaging EF to a higher degree. Finally, as it is a
study that uses cartoons with language elements, this study also adds to the literature of hu-
mor perception, which has so far only analyzed joke comprehension in terms of language
alone and cartoons that didn’t use language. The results of this study show that a combination
of the two triggers compensational mechanisms and that, although brain activation shows dif-
ferences between groups, behavioral performance remains the same for cartoons that use fun-
ny vs non-funny stimuli.

The incongruity resolution model supported by humor literature is partially supported
by this study. Although the delta wave band difference in processing humorous and non-
humorous cartoons indicates that the resolution of incongruity is an indication of humor iden-
tification, studies still need to elaborate on how delta wave indication is able to distinguish
between the different stages in incongruity resolution (incongruity identification, incongruity
resolution, and emotional appreciation of the humorous stimuli). Studies link the appearance
of delta waves to the N400 (Thalia Harmony, 2013). Further studies should focus on the ap-
pearance of N400 and delta wave activation in stimuli containing humorous elements and
stimuli where incongruity isn’t resolved. The topographies of these components is also a sub-
ject that needs further study. For instance, this study didn’t use an imaging method to locate
exact data on topographies. According to the stage model used by previous studies, these to-
pographies have a temporal course that can’t be identified due to the large time window of
the analysis. A paradigm that can make very accurate time marks on humor perception stages
in combination with different imaging techniques, such as an integration of EEG or FMRI,
could lead to an accurate description of topographies in humor perception.

This study aimed to answer a very specific question: whether the aging brain can
compensate for different types of humor processing demands or characteristics. Previous
studies on static language knowledge (Gunter et al., 1995), as well as some studies on Theory
of Mind (Duval, Piolino, Bejanin, Eustache, & Desgranges, 2011) -both cognitive areas this
study deals with-supported the notion that the decline in these abilities can be compensated
for in normal aging. Our study results showed that most abilities used in humor processing

are still easily handled by older adults when they encountered a funny element. However,
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when they encountered a non-funny element, their ability to recognize it was impaired, result-
ing in a drop in accuracy. This result is reinforced by electrophysiological results that show
reduced delta activation between groups in electrode locations where the combining of in-
formation during SC processing is reported to happen, such as the temporoparietal junction
(Saxe, 2006).

Finally, the present findings on humor perception enrich our understanding of the re-
lationship between SC and general cognition in normal aging. Despite the fact that humor is
an asset in aging that activates mentalizing and language skills, the task used in this study
was mostly correlated with performance in executive functioning tasks. As such, this could
be interpreted as a task that placed significant demands in the ability of older adults to com-

pensate for skills that are vulnerable to cognitive aging (i.e. EF).

Aging and brain functions

The literature on aging suggests that the prefrontal lobe is an area vulnerable to bio-
logical aging (West, 2000). This assertion has been verified in imaging studies and in studies
using neuropsychological measures (Reuter-Lorenz, 2002). Neuropsychological functions
like EF are mostly attributed to the prefrontal lobe cortical and subcortical networks, and
those structures are the first to show signs of deterioration (Zelazo et al., 2004). In the present
study, older participants performed significantly lower on executive functioning measures
The prefrontal lobe is also involved in basic SC functions like mirroring, which is the founda-
tion of mentalizing abilities (Saxe, 2006). Aspects of mentalizing examined in this study
showed that although some of these abilities can be effectively compensated in healthy older
adults, mentalizing deteriorates when the experimental paradigm becomes more complex.

In the present study, frontal lobe activation as shown by performance on executive
functioning tests and electrophysiological measures seemed to be significantly stronger for
older adults, suggesting that compensation mechanisms are triggered to maintain perfor-
mance, something that is apparent in tasks that entail language processing, such as respond-
ing to proverbs (proverbs test) and humor (humor perception test). The increased activation
is thought to be a compensatory mechanism in order to manage more difficult tasks since the
behavioral performance on these tasks was similar between young and older subjects. This
finding clarifies the fact that performance stability in certain measures in older adults—
especially educated adults like the ones studied—is connected to compensatory mechanisms

and not to a lack of declines.
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Simple Theory of Mind abilities are considered to also be compensated for in aging.
Studies report that while older people are able to compensate for their performance in first
order ToM tasks and do not show differences, in second order, or more complex ToM tasks,
the difference becomes apparent when engagement of attention and working memory are
measured (Duval et al., 2011). Although in this study no direct measure of ToM was used, the
humor perception task involved at least a social inference-making component as well as a
mentalizing component. Our results replicate findings (Uekermann et al., 2006) that show
that older people process funny cartoons more effectively than non-funny cartoons and that
basic humor perception can be compensated for, at least by older educated adults.

The aging brain’s ability to compensate for diminished functions is closely linked to
education and cumulative life experiences that form the theoretical construct of “cognitive
reserve” (Whalley et al., 2004). In this study, participants were highly educated and matched
in terms of education with controls. The results demonstrate the electrophysiological under-

pinnings of this effect.

SC in aging

Because SC is linked to frontal lobe functioning, it is expected to be influenced to a
great degree by aging, although there are areas of SC that aren’t as affected as others. In this
study, we have shown that when all SC measures are combined, differences between groups
are significant. The same holds true for emotional recognition measures. Language abilities
that require crystallized intelligence and contribute to SC through pragmatic uses of lan-
guage—or in the case of this study, uses of humorous language—were compensated for in
the aged. On closer look, though, when EF are taken into account, and language compensa-
tion is consequently removed from the equation, differences in performance are more pro-
nounced between age groups. This may provide evidence to the argument that EF and SC are
two theoretical constructs very interrelated especially in the area of aging where EF decline is
one of the first signs of aging. Further research on social cognition in aging should include
populations that have a more distinct profile of SC decline in order to distinguish between EF
and SC deficits.

Deficiencies in SC in aging are usually considered to be signifiers of later social skills
declines, such as increased prejudice and social inappropriateness (von Hippel, 2007). This
lack of inhibition is also reflected in brain activation. Older people are reported to show more
widespread and attenuated brain activation in almost all areas of the brain (Knyazev, 2007).

The present study suggests that delta power band activation could be a good indicator of
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frontal lobe disinhibition. In the facial recognition experiment, differences between groups in
a vast frontocentral area demonstrated possible lack of inhibition. Despite this observation,
which is included in a more general framework of a frontal lobe deficiency hypothesis in ag-
ing, frontal lobe activation in young adults also seems to be attenuated in tasks that do not
require the frontal lobe functions. One explanation for this is that the frontal lobe activation
was an indicator of effective compensational mechanisms in healthy older adults since behav-
ioral performance on the facial recognition tasks was similar to that of younger participants.
Future research may want to explore this paradigm in individuals with known difficulties in
facial recognition, such as patients with certain types of dementia.

The ability of the human brain and the cognitive system to compensate for cognitive
mechanisms attenuated by aging also helps emotion recognition through positive emotions
perception. The electrophysiological and behavioral findings of this study support the percep-
tion of positive facial expressions in the elderly, which seems to vary according to the com-
plexity of the stimuli. As in Metaxas’ (2015) study, variation in age group performance ap-
pears when stimuli become dynamic, and thus more complex. The present study expanded
Metaxa’s paradigm by examining the same effect on a sample of educated participants with
electrophysiological measures. The results indicated that this observation can be attributed to
compensatory mechanisms, which are very effective in educated participants, nevertheless
dynamic stimuli are more able to distinguish effects of aging on emotion recognition. In con-
clusion, dynamic stimuli are not only more complex, but also more ecologically valid, mak-
ing these results a more accurate description of aging processes.

While the topography of SC was not the purpose of the present study, the results iden-
tify two vaguely defined areas of electrode sites connected to SC tasks at different times of
processing. In the emotional recognition paradigm, with early processing times, vast frontal
area activation supports compensational mechanisms in normal aging, indicating the strong
connection between frontal lobes and aging. In the humor perception paradigm, which uses
later processing times, posterior regions (connections between temporal-parietal-occipital
lobes) of the cortex are more closely connected to age group, confirming that the lack of in-
hibition observed in the elderly can be measured by delta wave band activation, indicating
that those regions are closely connected to the processing of socially relevant information

(Samson, Apperly, Chiavarino, & Humphreys, 2004).

Conclusions, limitations, and future directions
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This study’s main aim was to initiate a systematic research program that could bridge
the research gap between behavioral and electrophysiological components of SC in normal
aging. In addition to deepening our understanding of the subject, it will pave the way for fur-
ther theoretical studies on human development and applied programs targeting the wellbeing
of the aged. Theoretical hypotheses on brain aging have been partially verified by this study,
specifically the frontal lobe hypothesis, compensation hypothesis and lack of inhibition hy-
pothesis. Moreover, this study offers a different, and simpler, explanation of the advantage of
processing positive facial expressions for the elderly, relating it to the developmental estab-
lishment of positive expressions processing.

Broadly speaking, the results of this study have documented the link between SC and
executive functioning and the aging brain’s ability to compensate for changes during emotion
and humor processing. Further studies should continue to expand on this systematic effort
and demonstrate how compensational mechanisms affect SC in aging and the topographies of
this process.

Limitations and Future Directions

The present study incorporated EEG measures since this is a very valuable methodol-
ogy in establishing a more detailed temporal picture of the targeted processes. The EEG
through is has limited capacity in identifying topographies of the brain areas involved in the
functions described. Future studies should combine EEG paradigms with FMRI or other

techniques that are more accurate at describing topographies.

Another important aspect that needs addressing in EEG studies that need to apply a
big set of statistical comparisons is the reduction of the alpha level in order to reduce the
chances for a Type | error. In Experiment 2, corrections for multiple comparisons were ap-
plied. However, the reduction of alpha level may need to be reconsidered for Experiment 3, if

future studies employ the specific paradigms.

Future studies in SC could expand the current paradigm and use extensive measures
of social inference such as Theory of Mind tasks like social scenarios tests or TASIT tests.
Further studies should include such tasks to examine findings on mentalizing abilities and
their modulation during aging. The present study used a group of educated older adults so
that education would not be a confounding factor in the findings. Future studies could sys-
tematically explore the effects of education in social cognitive abilities in order to explore

concepts such as cognitive reserve and its role on SC.
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In conclusion, this study initiated a systematic research program that could pave the
way and bridge the research gap between behavioral and electrophysiological components of
SC in normal aging. Future work in this area should continue in order to build an accurate

and comprehensive model of adult SC.
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