SOCIAL COGNITION ACROSS THE LIFESPAN AND ITS RELATION TO

EXECUTIVE FUNCTIONS

Martina De Lillo

A thesis submitted for the degree of Ph.D. in the Faculty of Social Sciences at the

University of Kent,September 2020



Declaration

The research presented in this thesis was conducted at the School of Psychology,
University of Kent, whilst the author was a ftilhe postgraduate student, supported
by a PhD studentship from tgiropean Research Council grant (Ref:
CogSoCoAGE; 636458under the supervision of Professor Heather Ferguson.
Some data from Chapter 2 and all of Chapter 3 of this thesis are under review at
different journals (please see below). The data reported in Chapters 2, 3, and 4 has

been presented at numerous conference

Presentations and forthcoming publications
Papers under review:

9 De Lillo, M., Brunsdon, V., Bradford, E., Gasking, F., & Ferguson, H. J.
(under review)Training executive functions using a-day adaptive
procedure and active control grodpuarterly Journal of Experimental
Psychology

1 De Lillo, M., Foley, R., Fysh, M., Stimson, A., Bradford, E., Wood+d,
C., & Ferguson, H. J. (under revieWwyacking developmental differences in
realworld social attention acrosglolescence, young adulthood and older
adulthood Nature Human Behaviour

Book chapter:

i1 Bradford, E., De Lillo, M., & Ferguson, H. J. (in press). Chapter 9. The
future of research on social interactitmFerguson, H.J& Bradford, E.
(Eds.),The cognitive basis of social interaction across the lifes@aiford

University Press



Papers in preparation:

1 De Lillo, M., WoodrowHill, C., Foley, R., Bradford, E., & Ferguson, H. J.
Empathy for ot her s inagolesgendcecyauhg and soci
adulthood and older adulthood.

Invited talk:

1 Delillo, M. Training cognitivo: dalle funzioni esecutive alla cognizione

socialePresentedddni ver sitaoé di Bari, May 2019
Peerreviewed presentations (talks and posters):

1 Delillo, M., Brunsdon, V.E.A., Bradford, E.E.F., Fysh M., & Ferguson, H.
Investigatingsocialattentionacrosghelifespan,Presented dxperimental
Psychology Society, January 2020, London.

1 De Lillo, M., Brunsdon V.E.A., Bradford, E.E.F., Fysh, M., & Ferguson, H.
Investigatingattentionto socialstimuli in realworld in Youngervs.Older
adults.Presenteat"From Selfknowledgdo knowingothers workshop,
BrusselsThursday ¥ of November 2019, UCLouvain.

1 Delillo, M., BrunsdonV.E.A., & Bradford,E.E.F& FergusonH.

Comparing EEG activity in response to empathy for social vs physical pain.
Presented dExperimental Psychology Society, July 2019, Bournemouth.

1 De Lillo, M., Brunsdon, V.E.A., Bradford, E.E.F., Fysh, M., & Ferguson, H.
Comparing reatime social interactions in young and old adufesented at
Experimental Psychology Society, April 200/nchester.

1 De Lillo, M., Brunsdon, V.E.A., Bradford, E.E.F., Fysh, M., & Ferguson, H.
Inferring Mental States in the Lab and in Real Life: Evidence From Younger
and Older AdultsPresented ahe Psychonomi&ociety Annual Meeting,

New Orleans, USA.



De Lillo, M., Brunsdon, V.E.A., Bradford, E.E.F., Fysh, M., & Ferguson, H
An investigation on Executive Functions and Theory of Mind across the
Lifespan. Presented BRC Conferencé Social Canmunication Across the
Lifespan Canterbury, Kent, UK.

De Lillo, M., Brunsdon V.E.A., Bradford, E.E.F., & Ferguson, H.
(2018).An eyetracking investigation of redagime social
interaction.Presented d@he Psychonomi&ociety Annual Meeting,
Amsterdam, The Netherlands.

DelLillo, M., BrunsdonV.E.A., & Bradford,E.E.F& Ferguson,
H.J.Training cognitive abilities using a Alay adaptive procedurBresented
at Experimental Psychology Society, January 2018, London.
BrunsdonV.E.A., Bradford,E.E.F.,DelLillo, M., & Ferguson,

H.J. Changesn executivdunctionacrossadulthood Presented ahe
International Conference for Cognitive Neuroscience of Executinetiuns,

September, 2017, Padova.



Abstract

Successful social interactions represent a crucial aspect of our everyday life.
To achieve this, we have to interpret ani
take their perspective, and empathize with them. All these processes characterize a
widerconcept called Asoci al cognitiono. Thi
cognition across the lifespan by adopting a large battery of tasks that included
behavioural, EEG, and realorld eyetracking measures. Starting from the
hypothesis that social gaition is impaired in adolescence and old age, | compared
the performance of these two age groups with young adults on measures of
perspectivaaking, empathy and social attentiétesults revealed thage
modulates different subomponents of social cagion in distinct ways; more
cognitively demanding components are more likely to suffer a decline in older age.
In addition, due to the link between social cognition and executive functions, this
work also tested whether cognitive and social abilitiesbea@nhanced indirectly
through cognitive training. In particular, | designed aday cognitive training
protocol that targets Working Memory, Inhibitory Control, or Cognitive Flexibility
(versus an active control group) to test whether improvementsecdetécted on the
training task (direct transfers) or on a task that measures the same cognitive ability
(near transfers), and test the generalisability of these effects to other cognitive and
social constructs (far transfers). Whereas robust directrigpeffects emerged,

limited near transfers and no far transfers were detected.
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CHAPTER 1: INTRODUCTION



1.1.Overview

Predicting our friendsoé behaviour, under:
feeling upset after watching an athlete losing an important match, trying to consider

our interlocutorsé6é perspective. All thes:
skills, such as inferring otherdés ment al
sharing their emotions. We continuously engage these processes in our everyday

life and they constitute the basis of our social interactiomstpreting our social

world is not always easy, and under certain conditions, can involve a great deal of

effort. Social behaviour has a complex nature that not only requires us to

understand and to interpret observable behaviour, but also to perceive and to infer

mental states aneimotions (Frith & Frith, 2007; Kanske & Murray, 2019). In order

to understand what is happening around us, we have to deal with a range of

interactions that range from verbal communications to more complex types of
understanding, such as interpreting fheipressions and body gestures.

Social interactions are not just characterized by what we can perceive from
others. In fact, we are also influenced by our emotional status: our interactions are
driven by our own emotions and our feelings. How we feel in a particular moment,
can influencénow we react and what we can perceive when interacting with others.

For example, if we are in a bad mood, we can perceive a behaviour in a completely
different way than if we were in a good mood. At the same time, our perceptiveness
can also be affected/lmur cognitive functioning (i.e. ability to memorize

information, to pay attention on relevant stimuli; Fiske & Taylor, 1991). If we
imaginea typical conversation in which we do not pay attention to what our

interlocutor has just communicated to us, wightrespond incoherently, or even



inadvertently offend them. If we are not able to switch between two sources of
information, we might confuse their meaning or intentions. If we are unable to
inhibit an impulsive behaviour or response, we could hurt ngsend others.
Successfully managing everyday life situations such as these involves underlying
cognitive control processes, such as memory, flexibility and inhibitory control,
which play key roles in facilitatingigher order processes to understane@ aths 6
mental states (Apperly, 2010).

The processes that characterize social interactions, include two broad
domains: one soci al (e.g. sharing other si
inhibiting a response).he central aim of this thesis is to better eleterise how
social abilities change across the lifespan (comparing adolescents, young and older
adults), and to explore the relationship between social and cognitive functioning by
testing whether social cognitive abilities can be enhanced indirectigibing the
underlying cognitive mechanisms (specifically, working memory, inhibitory
control, and cognitive flexibility). In this introductory chapter, | will first
summarise the prominent theories of social cognition, with a particular emphasis on
the cancept of Theory of Mind. Second, | will illustrate the relationship between
social abilitiesand cognitive skills, and discuss empirical evidence that supports
this link. Finally, | will explore how these cognitive abilities and social cognition

skills dewelop across the lifespan.

1.2. Theories of Social Cognition
Social cognition has been defined as a series of psychological processes that
support social understanding (Adolph, 2009). According to Frith (2008), processes

such agerception, attention, memompa acti on pl anning fare i



interactions and the study of information processing in a social setting is referred to
as social cognitiono. Despite the i mport:
still no agreement on the specifiopesses that characterize social cognition, or in
what ways they are interrelated with each other (Happé, et al., 2017). In fact, as
indicated by Happé et al. (2017), there is quite a variance of the number of
components to be included in social cognitibiske and Taylor (2013) refer to 14
domains, starting from more basic abilities such as social memory and social
attention, to more complex concepts like social inferences and decision making;
whereadHappé and Frith (2014) identify 10 domains, includengpathy, seif
processing, affiliation. There is however, a common agreement that social cognition
helps us to understand ourselves, others and the environment where we act, through
implicit and explicit processes (Moskowitz & Okten, 2017).

Generally, stdies on social cognition strive to answer questions such as:
how we r ep rperspectivewhaihieriwe cadnapathizeand whether we
understancandpredictot her s6 acti ons/ thought s. Henc
range of capacities amomghich are empathy, perspectitaking, making social
inferences and mindreading. It is important to mention that in the literature on this
field, these terms have often been used interchangeably and they are often referred
to under a moré ogemeamtl, okumbwrEoM).sa Theory
Specifically, ToM is the ability to unde]
including their desires, beliefs, emotions and knowledge (Premack & Woodruff,
1978; BarorCohen, 1997). This term also includes ¢bacept of mentalizing, that
is, the understanding we have about people having a mind, and the notion of
mi ndreading, which is the ability to c¢com

their actions by putting our sesynthatized 6i n t |



as three crucial abilities: 1) comprehen:
intentions, ii) predict othersd behavioul
(Poletti, et al., 2012).

Given its importance, over across the lastdes, diverse theories have
tried to explain how ToM workd raditional theories of ToM have leaned heavily
on philosophy of mind, defining observer:
relationship between an agentadrtonsi ntenti ol
Davies and Stone (1995) describheotfokRsohr
the authors suggest that ToM refers to the ability of having a concept of mental
state, and having beliefs about othersoé |
updat ng t heir theory about ot hetrhsebo rmiensdos, t
however, were not restricted to explaining people and their minds, they also applied
to objects. | At hceoonrtireassdt, tnoSifinTuhleaotriyon t heo
that we possss our own concept of mind and through that idea we simulate the
mind of others (Gallese & Goldman, 1998). This theory is supported by the
existence of the mirror neuron system (MNS): a series of neurons located in the
prefrontal motor cortex, the inferiparietal gyrus and the superior temporal sulcus,
that fire when we observe someoneds acti
actions ourselves (Rizzolatti & Craighero, 2004; Rizzolatti, et al., 2009). This
theory will be further detailed in Chapter 2viever here it is important to note that
the activation of the mirror neuron system has been proposed as a route through
whi ch we understand ot hby ménllybirmrultingtheo ur s a
same patterns of actions. Thus, imitation observati@ttions helps to take the

perspective of another person (Catmur, et al., 2007).



Later, Leslie et al., (2004) speculated that our mind is formed of two
separate mechanisms that collaborate to provide ToM, therefore we are able to
formulate multiple possible intentions and beliefs. The theory of mind mechanism
(ToMM) allows people to geerate and represent multiple possible beliefs. A more
recent theory has been developed by Gallagher and Hutto (2008), affirming that
when we experiencerealor | d soci al i nteractions, we
through their expressive behaviour.eféfore, the authors postulate the existence of
an Ainteraction theoryo, which is also s

Among the first to detail a theoretical framework for ToM that links social
abilities with cognitive mechramadcimsgbd,s t |
proposed by Apperly and Butterfill (2009, 2011; see also Apperly, 2009). According
to this account, two systems exist for belief reasoning: one is automatic, inflexible
and cognitively efficient (and jhaednce r ef |
adul t s éby-mamerd sotial cognition), and the other is more flexible but is
cognitively demanding (and therefore more suited for explicit and planned ToM
inferences). This twaystems model predicts that while some aspects of ToM
performance Wi correlate with changes in executive functions and other cognitive
abilities (e.g. belief reasoning and inferences from language), those that tap into the
cognitively efficient system 1 (e.g. emotion reading and visual perspeakirey)
should not reval a comparable change with reduced cognitive abilities. The link
between social and cognitive capacities is further supported by a model proposed by
Carruthers (2016), however this model proposes that a single mindreading system
can account for the relatship between EFs and mindreading abilities, and that this
is shaped through gradual conceptual enrichment so that EFs can be recruited (or

not) to support ToM according to need.



To date, the debate about the functioning of ToM remains open, however,
there is a large consensus that two domains characterize ToM: a cognitive one that
consists of the ability to identify thoughts and beliefs of others, and an affective side
that all ows an awar eness -bsboryettalh 2006.06 e mot |
These proposals about what is included in the domain of ToM, more generally, can
reflect how social and cognitive functioning can differ and concurrently affect each
other. In the next section, | will describe how these two components are related,
reporting reuroscientific evidences and results from researches on clinical

populations.

1.3.Social Cognition and Executive Functions

Our abilities to reason, to plan, to remember, to shift our attention, represent a set of
higher and lower demand skills that belaaghe domain of cognition.

Undoubtedly, these abilities serve as the basis of our functioning, playing an
important part in maintaining and manipulating information, staying focused,
initiating and planning actions, and problem solving. The cognitivelitee also
distinguishes a set of low order abilities, acknowledged as Executive functions
(EFs). It is commonly agreed (Miyake et al., 2000; Diamond 2013) that the core of
EFs is represented by: Inhibitory Control (IC), Working Memory (WM), and
CognitiveFlexibility (CF). Previous literature debated about what it is included
under the WM definition (Baddeley, 1986; Salthouse, 1991; Oberauer, et al., 2000).
In this discussion WM refers to the ability to retain information and to perform
mental operationnhibitory control involves the capacity to inhibit a response, to

focus on a salient stimulus and suppressing other stimuli at the same time, and to



control actions and thoughts. Cognitive Flexibility allows to shift from different
tasks or mental set apdompty changing between one activitigssanother.

Given their nature, these cognitive abilities are important in our everyday
life, such as remembering a phone number, stopping the car when the red lights
appear. Nevertheless, these skills can be essential in social contexts. During a
conversation we hawe continuously update what the other person says, in order to
respond in a correct manner. When we are watching the news and someone is
talking in the same room, we are required to focus our attention on the person who
is talking on the TV, and to inhibihe other voice in the room. However, if the
news catches our interest, we have to switch our source of attention. With these
simple everyday life examples, we can see how EFs are automatically used,
allowing us to maintain a godirect behaviourand t® s @nlofni t or 6 our own
actions allowing us to interact in our environment in an appropriate way.

Wade et al., (2018) proposed three hypotheses on the relationship between
ToM and EFs. The first one posits that EFs, in particulasmsetiitoring and
inhibitory control, are essential for the development of ToM. The second hypothesis
posits that ToM abilities are crucial for the development of EFs). In particular,
children learn executive control through the mental representation of oneself and
others, anda@nsequently understand that the self and other are two separate
identities (Lang & Perner, 2002; Perner, 1998). The third hypothesis, comes from
clinical studies that have shown that impairments in ToM and EFs (e.g. in autism)
share a common neural basie prefrontal cortex, and that damage to this area
leads to deficits in both domains (Hughes & Ensor, 2007).

A long tradition of developmental research has demonstrated a robust

relationship between the acquisition of EFs and improvements in ToM skibisca



young children, independent of age and 1Q (e.g. Carlson, et al., 2004; Perner &
Lang, 1999). However, the exact direction of this relationship remains under debate,
with some researchectaiming that ToM is needed for EF (Carruthers & Smith,
1996; Pener, 1998; Perner & Lang, 1999, 2000), and others arguing that ToM
requires EF (Russell, 1996, 1997; Pacherie, 1998 .specific EF skills that have
been shown to be strongly correlated with ToM development are working memory
(Keenan et al., 1998), irtitory control (i.e. ignoring irrelevant information;
Carlson et al., 2004), and cognitive flexibility (i.e. switching between different
tasks; Hughes, 1998)hese links make sense given the-tdalexamples above
that show that successful social cogmitrequires one to hold in mind multiple
perspectives (i.e. working memory), suppress irrelevant perspectives (i.e. inhibitory
control), and switch between these two perspectives depending on context (i.e.
cognitive flexibility).
Previous empirical workni adults has investigated whether the cognitive
and social aspects correlate with each other, or if one moderates the other.
Extensive literature has looked at perspeetakeng (i.e. one of the components of
ToM that indicates the ability to taketheeth per sons 6 per specti ve
(Hartwright, et al., 2012;in, et al., 2010Qureshi & Monk, 2018; Bradford, et al.,
2015; Cane, et al., 2017), confirming that the ability to inhibit our point of view or
shift from our perspective to another areinvdlvei n t aki ng anot her p
perspective. Researchers have also examined the relationship between EFs and
empathy. Empathy is defined as our abil i
thoughts (i . e. cognitive eaemototabstate (le.as wel
affective empathy). Gao et al., 2016, for example, reported that both aspects of

empathy correlated with WM, however, in a recent metanalysis, Yan, et al., 2020,



suggested that EFs are significantly related to cognitive empathy ttadimewith
affective empathy.

Compelling evidence for a ToMF relationship comes from research in
clinical populations (Uekermann, et al., 2008a; Zobel, et al., 2010). An impairment
of one or more EFs can be detected in clinical syndromes that aretehaea by
deficits in social abilities, such as autism (Robinson, et al., 2009), conduct disorder
(Happe & Frith, 1996, and ADHD (Willcutt, et al., 2005), as well as in
neurodegenerative diseases like dementia (Poletti, et al., 2012), Parkinson (Verbaan
et al., 2007) and in neuropsychiatric disorders like schizophrenia (Braver, et al.,
1999; Green, et al., 2015), obsessieepulsive disorders (Watkins, 2005),
depression (Uekermann, et al., 2008b; Zobel, et al., 2010). For example, in a study
on patiens with multiple sclerosis (MS), Ouellet et al., (2010) showed that patients
with cognitive impairments experienced more difficulties in attributing mental states
compared to other MS patients without or with moderate cognitive dysfunction.
Interestingly intervention studies have shown that ToM can be enhanced in autistic
children by training ToM directly or indirectly via the underlying EFs (e.g. Fisher &
Happé, 2005), suggesting that EFs are causally related to ToM, either as a
prerequisite for ToM devefonent or as crucial component of executive control of
action. However, it remains under debate whether malfunctioning EFs cause
difficulties in the social sphere, or vice versa, or whether there is an actual
impairment in each of these two domains. Studreslinical populations have tried
to address this question, however, mixed results have been reported. Whereas some
studies found a preserved cognitive functioning in conditions such as autism

(Sucksmith, et al., 2013; Pellicano, 2007) and schizoph(Bniame, 20058 others
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have provided evidence of intact social functioning in acquired brain injury

(Aboul afia Brakha, et al ., 2011; Apperly.

Further contributions to the debate on the relationship between social and
cognitive processes conmfrem brain imaging studies. Some studies report a
common pattern of activation during tasks that involve EF and ToM over the frontal
brain regions (see Figure 1. 1; e.g., Dohnel, et al., 2012; Hartwright, et al., 2012),
including: the ventromedial Prefrai Cortex (vmPFC Hartwright et al., 2012;
ShamayTsoory, et al., 2006), the inferior parietal lobule (HFRecety &

Sommerville, 2003), the inferior frontal gyrus (IFG), and the tempo parietal
junction (TPJ has been identified crucial in disengagargl reorienting of

attention; Apperly, et al., 2004; Corbetta, et al., 2008; Hartwright et al., 2012).

Inferior parietal lobule

Figure 1.1: Common pattern of activation during EFs and ToM tasks.

Interestingly, brain stimulation studies with TNd8er the dorsolateral PFC
(dIPFC) have found improvement in ToM and impairment in EF (van den Heuvel,
et al., 2013), suggesting an involvement of this brain area in both domains. A more

recent study from Santiesteban et al., (2017) applied disruptive TM®)da
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perspectivaaking task, and found that attentional control was reduced when

participants had to judge the self or ot
Finally, a number of studies have examined how social cognition develops

across the lifespan, which | will digss later in this chapter, with a particular

attention on whether social cognition abilities follow their own developmental

trajectory or whether they are influenced by cognitive functioning. To provide

appropriate context, | will first describe how cogretabilities, and in particular

EFs, progress across age.

1.4.Development of Executive Functions

Research has demonstrated a protracted period of EF development, which begins in
early childhood and continues into young adulthood, with eaclt@uiponent of

EF developing at its own rate (Diamond, 200®prking memory and IC are the

first cognitive components to appear in infancy. The ability to hold information in
mind for a few seconds emerges around 6 months (Diamond, 1995; Reznick, et al.,
2004), and atraund 9 to 12 months infants can update the contents of their WM to
track the position of an object from one place to another (Diamond, 1985). During
this period, infants are also able to inhibit distractors in a similar way to adults
(Fosco, et al., 2019By the age of 6, workinmemory is quite well developed;

children are able to solve complex tasks (Gathercole, et al., 2004), and are gradually
able to hold more information in mind (Cowan, et al., 2010; Cowan, 2011). An
improvement in the number of itennecalled during a Visual Working Memory

task seems to take place from 7 tol13 years of Bgeétt Heyes, et al., 2012).
Regarding IC, Carlson (2005) suggested that inhibition stabilizes around the early

school years, however Johnstone et al., (2007) found that performance on a Stop
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signal task (i.e. a task in which a prepotent answer has to be inhibit in response to a
stopssignal) changed from ages 7 to 12 years old. Other researchers have supported
this extended development of IC across childhood, reporting large improvements in
a colour Stroop task from 10 to 15 years old (Prencipe, et al., 2011), in the Stop
signal taskup to the age of 15 (Huizinga, et al., 2006), and on a Stroop task until the
age of 21 (Huizinga, et al., 2006).

CF seems to appear later compared to WM and IC. For example, three years
old children are able to categorize stimuli following a colour shalee(Espy,

1997), but they commit errors in switching between these two categories. This

di fficulty could be explained as fdattent

Kirkham, et al., 2003, childreexperience difficulty switching away from thinking

abaut objects according to an initially relevant attriburetheir early childhood,

children show prolonged response times (Kloo & Perner 2005; Chatham, et al.,
2012) and longer eye fixations in tasks that involve switching abiliti@sgman, et

al., 2016. Research has shown improvements in task switching performance
between 7 to 9 years of age (Davidsetnal.,2006), a reduction in error rates from

5to 11 years old (Cohen, et al., 2001), and a decrease in RT between the ages of 7
and 15 (Huizinga et al2006).

Importantly, EFs continue to develop during adolescence (Diamond, 2002;
Magar, et al., 2010). Neuroscience evidence supports a difference in the activation
of brain areas across the lifespan. A common pattern of activation during cognitive
functioning involves: frontal cortex areas including the dIPFC, and the anterior
cingulate cortex (ACC), parietal areas, and subcortical structures, including the
thalamus, caudate, putamen, the cerebellum (Niendam, et al., 2012). Children

present enhanced agty of premotor regions and ventromedial areas (caudate

13



nucleus and anterior insula; Scherf, et al., 2006), whereas in adolescence there is a
greater activation of the frontal areas, and in particular, the dIPFC (Scherf, et al.,
2006; Luna, et al., 2001fhe inferior frontal, parietal, and anterior cingulate regions
(Rubia, et al., 2006). These changes in activity coincide with key changes in EF
abilities and are evidenced by MRI studies which have revealed a myelination of
the prefrontal cortex and themmnections between the prefrontal cortex and the
subcortical areas, and also synaptic prul
2008). These structural modifications in the prefrontal cortex, seem to reflect
variations in cognitive functioning during eléscence (Blakemore, et al., 2006;
Rubia, et al., 2000), and might lead to the mixed evidence about developmental
trajectories. Overall, larger improvements in EFs occur during miztdléhood (5
11 years old; Romine & Reynolds, 2005), and become snhatereen the ages of
11-14 years old (Hughes, 2011; Fosco, et al., 2019). CF and IC seem to reach a
peak around the age of 12 (Bishop, et al., 2001; Van den Wildenberg & Van der
Molen, 2004), whereas WM continues to advance until early adulthood (Gaghercol
et al., 2004).

It is commonly agreed that EFs are subject to decline in healthy older age
(e.g. Braver & West, 2008; Cepeda, et al., 2Q@i/dén et al.,2010; Spieler, et al.,
1996). Anatomically, older adults show a reduction in grey matter in fronto
temporal cortices (Ge, et al., 2002; Peters, 2006), and show more widespread brain
activity compared to young people when managing tasks involving cognitive
control; a consequence of reduced hemispheric lateralization (Cabeza, 2002).
Moreover, older peoplshow increased activity in prefrontal regions in tasks with
low cognitive demands, but reduced activity in these same regions in tasks with

high cognitive deRemteduilizgtion CfNeumleCircalisst i 0 n

14



Hypot hesi so ( CRrdoNTHppell,R@O8B)L Ieig generally agreed

that working memory deteriorates in old age (Buckner & Louis, 2004; Klencklen, et
al., 2017); older adults tend to experience more difficulty when under high WM
load (Bennett, et al., 2013). Reed et al., (2014),gseg that ageelated deficits in
memory might be linked to attention and inhibitory control. Older adults experience
difficulty suppressing irrelevant distractors (Gazzaley, et al., 2005; Zanto, et al.,
2010) and employing selective attention (Engle & &&2004), which leads to a

failure to inhibit distractors and appropriately allocate attention in WM tasks
(Davidson, et al., 2006; Solesiofre, et al., 2012). Regarding cognitive flexibility,

the literature has reported a general maintenance of thasitafWasylyshyn, et

al., 2011; Brunsdon, et al., submitted), though some studies report difficulties
keeping in mind the task goal, which may relate to WM difficulties (Cepeda, et al.,
2001; Kray, et al., 2004). In sum, agdated changes in executiventtions are

thought to be relatively robust, but key differences in their magnitude and trajectory
exist between different sedbmponents of ERyith some aspects of cognitive

decline beginning from 280 years old, and decreasing at a faster rate with

increasing age (Salthouse, 2009; ShMgmnoux et al., 2012).

1.5.Development of social cognition

An important concept when considering the development of social cognition is the
ARSoci al braino. Studies performed on monl
idea of a fAsoci al braino network, which |
in sccial cognition, including thamygdala, the orbital frontal cortex and the

temporal cortexAmodio and Frith (2006) later identified two more brain areas, the

medial prefrontal cortex and the paracingulate cortex, that are activated in many in
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mental statéasks. Finally, Frith (2008rith & Frith, 20079 concluded the

i nvol vement of four specific brain areas
posterior superior temporal sulcus (pSTS) and the adjacent TPJ, the amygdala, the
temporal poles, the med prefrontal cortex (MPFC) and adjacent ACC, émel

inferior frontal gyrus (IFG).

Figure 1.2: Social brain network (reproduced from Burnett et al., 2018).

In section 1.4. | outlined how cognition develops across the lifespan, and
discussed how these variations are sustained by changes in the activity and structure
of certain brainarea3.hi s neurocognitive devel opment
ability to pass increasingly complex tests of ToMound 18 months old, children
are thought to have some implicit awaren
consistently deployed in social situatiqesy.Buttelmann, et al., 2009; Kaas, et
al., 2010; Orshi & Baillargeon, 2005; Rubiéernandez & Geurts, 2013; Senju, et
al., 201). Research conducted in childhood has focused on how children learn that
others have their own minds, in other words the concept of ToM (Flavell, 2004). A

largely adopted paradigmo i nvestigate this understand
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developed by Wimmer and Perner in 1983. In this paradigm, children are required
to predict a characterods behaviour by i ni
is moved from one locatio tanother in the absence of the character, meaning that
children have to inhibit their own knowledge about where the object really is and
respond according to the charactero6s mor
younger than 3 years old fail thesk (but see RubiBernandez & Geurts, 2013),
either because they cannotWalmad,etralst and bel
2007 or they do not possess the higher cognitive skills that are necessary to resolve
a conflict between reality and beliefs dlie, 2005). Overall, researchers have
identified a key transitional phase in the development of ToM abilities around 4
years old (Banerjee, et al., 2011; Devine & Hughes, 2013), whereas later in
childhood &round 7 or 8 years olthere seems to be an impement in the
comprehension of more complex beliefs (i.e. second order false bBkefger &
Wimmer, 198%. This development seems to be facilitated by the parallel progress
of cognitive abilities (e.g. Carlson & Moses, 2001; Bock, et al., 2015).
Moreover, understanding intentions, thoughts, emotional states, recruits
diverse components such as perspedakéng, emotion recognition, all abilities
that develop across the childhood. Social cognitive abikitesinueto develop
throughout adolescenemd well into our twenties (e.g. Blakemore, 2008; Burnett,
et al., 2009; Dumontheil, et al., 2010; Symeonidou, et al., 2020; Vetter, et al.,
2013), with adolescents appearing more egocentric (i.e. biased towards their own
perspective) compared to young lsluln a longitudinal study Taylor et al. (2015),
showed that social cognition abilities follow divergent trajectories between 17 and
19 years old (i.e. some functions improve, whereas others stabilize or decline),

reflecting the different processes tha¢ involved in the maturation of the brain
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(i.e. pruning, myelinization). Several fMRI studies have shown differences in the
activation of the social brain network between adolescence and adulthood during
social cognitive tasks (Blakemore, 2008, 2010ecHjrally, during adolescence

brain activity during social interaction tasks is higher in more posterior regions,
such as the pSTS/TPJ (Blakemore, et al., 2007) and anterior temporal cortex
(Burnett, et al., 2009). Further, the superior temporal regiondamental in ToM,
mature later compared to those that sustain cognitive functioning (Apperly, et al.,
2004). Decrements in grey matter volume across the frontal, temporal and parietal
cortices during this stage of life has been linkejpulsivity, risk-taking

behaviours and mood fluctuations (Casey, 2@t&lerson, et al., 2008teinberg,
2008). Indeedchildren who reported higher control capacities aged between 3 to 11
years, including attention and persistence were more successful at school, less
influenced to use drugs or smoke, and showed better physical and mental health
(Moffitt, et al., 2011).

Early investigations of ToNh adulthood adopted many of the same
measures developed for children (i.e. simple argating tasks), leading to ceiling
performance and high levels of accuracy. Researchers therefore developed new
tasks to provide more sensitive indicators of abilitg enechanisms in adults, by
measuring accuracy and reaction times of responses (e.g. Apperly, et al., 2008;
German & Hehman, 2006), or combining these methods witltragking, ERPs or
neuroimaging methods (e.g. Ferguson & Breheny, 2011, 2012; Fergtiabn, e
2015; Mahy, et al., 2014). Generally, these studies have shown that even in healthy
adul ts, inferring other peoplesd ment al
inferences, and is subject to interference from our own point of view. Borpe,

when required to take the perspective of another person or avatar, adults represent
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their egocentric perspective (Bradford, et al., 2019; Surtees & Apperly, 2012).
Epley et al. (2004a) suggest that adults
by first anchoring to their own point of view and consequentially adjusting it to fit
with the other person; this adjustment requires cognitive effort. Qureshi (2009)
pointed out that egocentric errors are a consequence of a failure to use information
about he speakerds perspective, and they se
participants have to hold in mind and select different responses (e.g. both cognitive
capacities). Another study from German and Hehman (2006) revealed a correlation
betweenthe peed of inferring othersé false bel
speed. I nterestingly, different factors
tasks, such as social relationshigayitsky, et al., 2011¥ognitive load (Cane, et
al., 2017; German & ehman, 2006), motivation and time pressure (Epley et al.,
2004a; Cane, et al., 2017), as well as individual differences iBk(+Schmidt,
2009b; Li, et al., 2010)

It is now generally acknowledged that healthy ag&rassociated with
increased diffialties in ToM (e.g. Henry, et al., 2014), howedebate continues
regarding the age that these declines first appear. Pardini and Nichelli (2009)
suggest around 55 years of age, whereas Duval et al. (20dgést around
65years of age. The existing litgure has provided evidence for a decline in
cognitive ToM that mirrors a general cognitive decline in old &ger(stein, et al.,
2011; Phillips, et al., 201}, however controversial results have been found on a
potential connection between affective ToM and aging (Bottiroli, e2@1.G
Castelli, et al., 2010; Henry, et al., 2013; Mahy, et al., 2014b; Pardini & Nichelli,
2009). A very r ecealt(202})faundyhatfoldeoadult¥{ll d €ér é m

80 years old) were impaired in shéetm memory, processing speed, inhibition,
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and working memory, compared to their younger counterpari@g§j@ars old),
however, affective ToM abilities seemed to be sparagottantly, other authors
have highlighted other factors that can i
tasks. For example, some studies have shown that raddld and older adults are
moresensitive than younger adults to cues that facilitate sodeencesKess, et
al., 2005). Moreoveuval et al. (2011) showed that age effects were not present
when ToM was assessed subjectively, but clearelgéed declines were visible
when objective tasks were used to measure affective and cognitive contgooine
ToM, and these were greatest for complexsusbasic social inferences. This
di screpancy between ol der adultsd subj ecH
abilities compared to their objective performance on tasks that measure it highlights
an imparment in metacognition.
To account for age effects on social cognition, a growing body of research
has sought to examine whether the relationship between EFs and ToM changes
across the lifespan (e.g. Leslie, 2005; Wade, et al., 2018; Sandoz, et all,&@f,4;
et al., 2018; Klindt, et al., 2017; Bailey & HenBQ1Q Charlton, et al.2009
Phillips, et al.2011). For example, a crossectional study by Klindt et al. (2017)
examined mentalizing and cognitive abilities in paracifs ranging from 10 to 85
years old. The results of their fAmassive
skills decline at a slower pace than EFs, whose decline is slower than high demand
ToM abilities; specifically, EFs contribute to hidgvel ToM afterits complete
maturation, suggesting that the cognitive architecture that sustains more advanced
levels of mentalizing abilities changes across the lifespan. The authors also
confirmed the interconnection between ToM and EFs, demonstrating that individual

differences in EFs can predict ToM abilities. Overall an inverted U shape was found
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for both social and cognitive abilities, with a peak around twenty years and a slope
starting around forty years. In another study, Duval et al. (2011) tested the
relationslip between affective and cognitive ToM and EFs among participants in
three age groups: 234 years (young adults), ¥59 years (middiaged), and 61

83 years (older group). The authors found that older adults performed more poorly
when inferring cognitivand affective mental states compared to young and
middle-aged adults. In particular, cognitive ToM scores were correlated with
performance on EFs tasks. Interestingly, older adults perceived themselves as good
mind readers despite the quantitative evidéndee contrary, which suggests that
they experience a misperception about their objective decline. However, age
differences in social inferences have been found to not be influenced by cognitive
skills (e.g., Maylor, et al., 2002; Sullivan & Ruffman, 2a0).

To conclude, what clearly emerges in this section, is that literature has
provided mixed findings on how social and cognitive abilities moderate each other.
This might be due to different factors, such as targeting narrow age ranges or
specific populationgtesting small sample sizes, investigating isolated components
of ToM or EF, or adopting mainly behavioural/respehased measures. These

limitations leave open questions that we tried to address in the current work.

1.6.Training Social Cognition

Given he clear social consequences of delays or impairments in understanding
othersd minds, a number of ToM researchei
children can benefit from explicit training in ToM. Early work in this area has

focused on training ToM dks directly (e.g. Appleton & Reddy, 1996; Slaughter &

Gopnik, 1996), and has largely reported improvements in the trained aspect of ToM
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that also generalizes to other measures of ToM. In addition, a number of training
studies have attempted to teach Tshills to individuals with clinical disorders that
are characterised by impaired social understanding (e.g. autism and schizophrenia),
with some success.
Recently, a training program that involves engaging participants in
conversation about mental states been developed to enhance ToM (Lecce, et al.,
2014). The authors found enhanced ToM abilities in children ag€dy@ars old in
the Strange Stories task, and importantly, these improvements persisted two months
after training. The same training protbtias been applied to healthy older adults
aged585 years old (Lecce, et al., 2015). T
training intervention based on describin
intervention (i.e. conversation focused on théiygical sensations) and a soeial
contact group (i.e. participants had general conversations about aging). Results
showed that ToM skills, measured with the Strange Stories task and a
metarepresentational verbal task (i.e. a task used to investigate cengioehof
mental states verbs), improved significantly more in the group who were trained
using conversations about mental states. In a similar study, Cavallini et al. (2015)
demonstrated that the benefits of social conversation traméamgusphysical
conversation) in older adults held for both practised and transfer tasks. Together,
these studies suggest that-agkated decline in older adulthood might be mediated
by training ToM directly, and that these abilities might generalise acrdss tas
However, it is not clear from these studies what mechanisms underlie these
i mprovements, or specifically what aspec!

improvements.

22



Other popular forms of training for ToM include those that use mindfulness
training, or training protocols based on lectures and role play (e.g. Klimecki &
Singer, 2012). Much of this work has targeted empathy. For example,-a meta
analysis of interventions to reduce prejudicgoromote positive intergroup attitudes
in adolescents revisl moderate improvements in empathy after trainihg G3;
Beelmann & Heinemann, 2014), with the strongest effects coming from
interventions that involved direct interaction with another person, or smagailitive
training. Another metanalysis highligted that the efficacy of empathy training
differs in different groups of individuals (e.g. health professionals and university
students; Teding van Berkhout, & Malouff, 2016). Training interventions involving
acting or role play have provided mixed evidemegarding benefits for empathy
(Nettle, 2006; Goldstein, et al., 2009; Goldstein & Winner, 2010), but more
consistent improvements in ToM (Marangoni, et al., 1995; Goldstein & Winner,
2010).

While some of these studies have demonstrated ToM improvemeat
result of training (e.g. Bechi, et al., 2012; Wellman, et al., 2002), more recent work
has highlighted significant problems with the generalizability of these effects to
other ToM tasks and everyday mindreading (e.g. Begeer, et al., 2011), as well a
poor maintenance of these trained skills over time (e.g. Williams et al., 2012). In this
thesis, | will testhe effectiveness of training ToM indirectly by training the relevant

EFs, based on the developmental association between EF skills and ToM.

1.7.Structure of this thesis
In this thesis | will present three empirical chapters that investigate social cognitive

abilities using large samples and a large battery of tasks, including behavioural
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measures, as well as mobile dyacking and EEGThe broad in of this thesis is to
investigate whether and how social cognitive abilities change across the lifespan, and
whether we can enhance them through cognitive training.

In Chapter 2, | test a range of social cognitive abilities in a large sample of
participants (N = 293) across three age groups: adolescents (ad€dygars old),
young adults (aged 20 to 40 years old), and older adults (aged 60 to 80 years old). |
aim to test some weéllstablished effects of ToM, and test whether age moderates
these abilites. This chapter tests the general hypothesis that social cognition
abilities are enhanced among young adults compared to both adolescents and older
adults. The methods and analyses werag@gestered and assessed three core
aspects of social cognitiondi perspectivaking, empathy, and social attention) in
six experiments, employing both Hilased and reatorld measures of social
cognition.

In Chapter 3, | examine the degree to which EF abilities can be enhanced
through training in young adul{d! = 160) | will present a preegistered
experiment that used a-2thy adaptive training procedutteat directly compares
the efficacy and generalisability across-samnponents of EF using training
programs that target WM, IC or Gf5.an active controlipup(i.e. was
comparatively engaging and challenging, but did not train a specificades)will
be assessed usiagbattery of tasks in a ppost designln particular, 1 will
examine whether training transfers will include only the trained ability (@gsfer
on WM tasks after WM training) or also to another EF ability (e.g. transfer on WM
tasks after IC training).

In Chapter 4, | apply the training protocol developed in Chapter 3 to test

whether social cognitive abilities can be enhanced indirdathyugh cognitive

24



training, and whether these training effects differ with age. Social cognitive abilities
will be assessed using the same six tasks from Chapter 2 and across the same three
age groups: adolescents (ageell®0years old), young adults (ab20 to 40 years

old) and older adults (aged 60 to 80 years old).
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CHAPTER 2: SOCIAL COGNITION IN ADOLESCENCE, YOUNG

ADULTHOOD AND OLDER ADULTHOOD

Parts of this chapter have been submittedpialication:
De Lillo, M., Foley, R., Fysh, M., Stimson, A., Bradford, E., Woodhdil, C., &
Ferguson, H. J. (under reviewyacking developmental differences in real
world social attention across adolescence, young adulthood and older
adulthood Nature Human Behaviour
De Lillo, M., WoodrowHill, C., Foley, R., Bradford, E., & Ferguson, H. J. (in prep).
Empat hy for ot her s 6 agolesgende,yauhg and s ocCi

adulthood and older adulthood.
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2.1.Introduction

As described in Chagt 1, some aspects of social cognition change with age (Henry,
et al., 2013 Taylor, et al., 2013 In this chapter we sought to test a range of social
cognitive abilities across three age groups: adolescents (agellyHars old), young
adults (aged 200t40 years old) and older adults (aged 60 to 80 years old). Our
approach allowed us to address some of the limitations that have characterized
earlier work. Firstly, most previous research on social cognition has focused on a
very narrow ageange of 27 years old, when these skills are known to develop in
typically developing children, or on clinical disorders that affect these skills (e.g.
autism, schizophrenia). A growing body of research has emerged over the last few
years, demonstrating that in fact&d development continues through adolescence
and well into our 20s (e.@lakemore, 2008 therefore it is possible that previous
studies have overlooked key stages of TOM/EF development. In addition, the
majority of studies that have assessed ToM iemédie compare only two groups
(6yowuwsngtol dd6), which does not all ow compa

development and decline. Secondly, most previous studies have used a single task to

measure just one aspectof ToM and typically record part.
to questions that require an inference al
will X | ook f or ibdsed m¥tRods)offer liBited ihsightsirs p on s e

adults since they do not providdarmation on the processing steps that lead to a
particular response; adults typically pass these explicit tasks but show some variation
in performance when more sensitive measures are used. Here we use a broad range
of stateof-the-art implicit methods (icluding eyetracking and EEG) that measure

success on several different aspects of social cognition, thus allowing us to capture
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distinct changes in each domain. In addition, many previous investigations of age
related changes in social cognition are tediby small sample sizes.

This chapter tests the general hypothesis that social cognition abilities are
enhanced among young adults compared to both adolescents and older adults.
Importantly, this research aims to address many of the limitations dethibed by
including a large sample of participants (N = 293);negistering the methods and
analyses, assessing three core aspects of social cognition (i.e. perdp&uiye
empathy, and social attention) in six experiments, and employing beltiaed and
realworld measures of social cognition. In the next sections, | will outline each of
the three components of social cognition that are assessed here, and summarise what

is currently known about agelated changes in these domains.

2.1.1.Perspectivetaking

In social contexts we are continuously required to update our point of view in

relation to others and to the surrounding environment. These processes are essential
to communication and require perspectiakingto represent ourselves spaceand

to put ourselves i n ot Represidingolreleess ( Keys al
rather automatic and effortless. Through this egocentric point of view, we categorise
everything around us relative to ourselves (e.g. front/behind, left/rigbwyever,

when communicating with others we must also conglur perspective and

orientation in space to fully appreciate their mental state. Adopting the allocentric
point of view is thought to be less automatic and more effortful. In this chapter we
adopt three measures of perspectakang to assess how these abilities change with
age: mental state inferences, visual/spatial perspetetieg, and reference

assignment (in the Director task).
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Research suggests that the ability to make mental sfatences first
emerges with intentionality {68 months), followed by desire"(ear), then belief
(4" year), and personality (67" year) (Kalish & Shiverick2004; Wellman, et al.,
2001; Wellman & Woolley, 1990; Woodward, 1998pmpared to young adults,
older adults show impairments in identifying mental stétesry, et al., 2013), and
fail to take account intentions when judging moral permissibility (Moeh al.,
2012).Using a series of videos depicting everyday life situations, Lecce et al. (2019)
showed that older adults were impaired in identifying and discriminating scenarios
that involve mental states from those that do not require them. Yourtjeipaats
tended to attribute mental states even when not requested, whereas older adults often
reported mental states when they were not present or failed to detect mental states
when they were. Adopting the same paradigm, Fossati et al. (2018) shaived th
adolescents performed better than adults, though both age groups committed errors
in over identifying mental states. We assess mental state inferences using the
Ohierarchy of soci al inferencesd task de
which youngadult participants watched short videos and inferred mental states for
the characters. Results revealed that judging intentions and goals were easier and
faster than beliefs, followed by personality. We examine whether this hierarchy of
social inferenceshanges across development.

The presence of a human avatar has been shown to influence perspective
taking (Samson, et al., 201Baker, et al., 2016; Furlanetto, et al., 2016; Todd, et al.,
2017), suggestingthatn ot her per sonbés vvessedatans aut oma
implicit level (Epley et al., 2004b; Samson et al., 2010; Surtees & Apperly, 2012). In
fact, research has revealed interference

the avatarobés perspective (eguwgsareena.,ri ¢ i nt
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2003) as well as interference from the a
perspective (altercentric intrusion; Qureshi, et al., 2010; Todd, et al., 2017).
Perspectivaaking can be considered on several dimensiissial perspective

taking describewhetherandhowanother person can see an object, and spatial
perspective taking describefierean object is located in relation to another person.
In addition, judgingvhatanother person can see (Level 1 perspettikang) is

distinct from judginghowa person perceives something (Level 2 perspective
taking). While an egocentric intrusion occurs when judging what and how a person
can see something (both Level 1 and 2)aléercentric intrusion seems to occur in
Level 1 but not level 2 (Samson, et al., 2010; Surtees, et al., 2016; but see also
Mattan, et al., 2017). Developmental studies showed that knowledgevetietut
another person can see appears in the early childidadonths; Flavell, et al.,
1981;Masangkay, et al., 197&odian, et al., 2007), with-@earold children
successfully passing tasks that tap this understanding (Moll & Tomasello, 2004). In
contrast, the ability to comprehehdwa person perceives sorhigtg appears

around 4 years of age (Flavell, et al., 1981) and continues to improve through early
childhood (Frick, et al., 2018urtees & Apperly, 20)2Few studies have

investigated perspectiMaking in older age, however those that have revealed
imparments in switching from their own perspectivetothesoor e en av at ar 6 s
(altercentric) visual perspectiy®artin, et al., 2019), and a preference to adopt a
self-relevant perspective (Mattan, et al., 20M¥e adopt Surtees et al. (2013a)
paradigm thatrosses the content of judgement (visual vs. spatial) with the type of
judgement (level type vs. leveR type) to examine whether developmental changes

differentially impact different components of perspectaking.
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Finally, perspective can be used to guide reference when interpreting
instructionsinthesec al | ed 6Director task©6, partici
orrscreen avatar to move objects around a grid. Importantly, some of those objects
areoccluded r om t he speakerdés but not the part
di screpancy in the two communicatorsoé pel
ambiguity in reference assignment. Typically, participants make more errors on
privileged trials astheyfal t o adopt the speakerds pers
according to their own egocentric perspective (Eane, et al., 2017; Ferguson &

Cane 2017Pbumontheil, et al., 2010Keysar, et al., 200Meyer, et al., 2015; Mills,

et al., 2015Santiesteln, et al., 2015Research that has examined the
developmental trajectory of perspectiaking in this task has shown that children (4
to 12 yearspndadolescents (Choudhury, et al., 2006; Dumontheil, et al., 2010;
Symeonidou, et al., 2016) commit m@&gocentric errors compared to young adults
(Epley et al., 2004b),dwever no age differences emerged in terms of response time
(Dumontheil et al., 2010 urrently no published research has used this task to

examine how referential perspectitaking mightchange in older age.

2.1. 2. Empat hy for othersd pain

One of the most investigated components of social cognition is empathy. Empathy is
defined as our ability to perceive and share the emotional states and thoughts of

others (Davis, 1980). Empathy is gised by a specific neural system located in the
premotor cortex, called Amirror neuronsao
performed by othergdallese, et al., 199®izzolati, et al., 2002; Hobson & Bishop,

2017). On this basis, Preston and/Maal (2002)proposed a perceptieaction

model( PA M) : seeing or imagining another per
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activates a representation of this state in ourselves, generating a shared physiological
responsePrevious literature hasvealed thiobserving others in pain activates the
same brain areas as experiencing pain ourselves, in particular the Al, the ACC and
the medial cingulate cortdraig & Craig, 2009Craig, et al., 2003; Singer, et al.,
2004;Hein, et al., 201Qjackson, et al., B®; Lamm, et al., 2010, 2011).

I n this chapter we assess empathy for
and EEG measures. A specific neural oscillation has been detected over the
sensorimotor cortex when performing, observing or imaging actitolssg &

Bishop, 2017Pineda, 2005): mu rhythm, which includes alphd 88Hz) and beta
oscillations (1335 Hz). Observing or imaging an action, or initiating a movement,
generates a desynchronization of mu rhythm that leads to a decrease of its spectral
power(Pineda, 2005). Previous studies on the experience of pain found that
observing painful stimuli causes a suppression of the mu rhythm (Cheng, et al.,
2008; Jackson, et al., 2005; Pineda 2005; Yang, et al., 2009), especially compared to
nonpainful stimuli(Perry, et al., 2010 heng, et al., 20Q08Various factors seem to
modulate the degree of pain, such agroup vs ougroup effects (Hein, et al.,

2010), intensity of pain (Lamm, et al 2010), gender (Yang, et al., 2008), familiarity
(Kross, et al., 201), and type of stimulation (Cheng, et al., 2008).

Developmental studies on empathy have largely relied on behavioural
measures and have revealed that the affective component of empathy first emerges in
early childhood (Decety & Michalska, 2010; Chengalet2014), continues to
develop throughout adolescence, then remains stable or increases though adulthood
and older ageSun, et al., 2018ze, et al., 2012; Ze, et al., 2014, Bailey, et al.,

2020; Beadle & De La Vega, 2019)lder adults report highstate emotional

empathy than younger adults in response to viewing emyadithing film clips
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(Richter & Kunzmann 2011), though younger participants rated neémaibes as
more painful when directed to a younger versus older actor (Cao, et al., 26&9). O
study that used fMRib compare empathy responses between adult age groups has
shownthat he neur al response to othersdé pain
2014), while an EEG studpund that young adults elicited increased mu activity for
emotianal compared to neutral stimuli, but older adults did not distinguish the two
(Guay, et al., 2018).

I n this chapter, we examine how empatl
from adolescence to young and older adulthood. We adopted the traditional
paradgm whereby participants were presented with static images depicting hands
and feet in painful (e.g. a needle piercing skin) andpainful (e.g. a cotton bud
pressing on skin) situations, and measured empathy via their ratings of imagined
pain and mu suppssion (alpha and low beta ranges). In addition, we designed
stimuli to compare empathy for physical and social pain. Defined from Eisenberger
(2012) as AAn unpleasant experience that
damage t o on e éosnection orsazial vafue (svong o aokial rejection,
exclusion, negative soci al evaluation or
empathy for social pain. One study employed the cyberball task, in which
participants were either included or excludethe game, and fMRI was recorded.
Social exclusion elicited the same neural pattern as physical pain (i.e. dorsal anterior
cingulate cortex (dACC) and anterior insula cortex (AIC); Krach, et al., 2011,
Eisenberg & Lieberman, 2004; Eisenberger, 2011 Was further supported in an
fMRI study that directly compared brain activity for vicarious physical (pictures of
hands and feet in physically painful situations) and social (sketches that depict

socially undesirable situations) pain (Krach, et al., 20d/&ich correlated with self

33



reports on the intensity of pain experienced.far, only one study has used EEG to
examine social pain in young children (aged $ears old), and found that mu
suppression was greater for videos depicting social pain cethfmneutral events

(Fraser, et al., 2020).

2.1.3. Social attention in the reaivorld
The majority of studies that have examined the development of social cognitive
processing have been conducted in relatively tigbtiytrolled labbased settings, in
which individual participants merely observe other people in static images or
dynamic vides; participants are nphysically cepresent in a social interaction (De
Jaegher, et al., 2010; Schilbach, 2020hough these lalbased designs have
strengths in providing experimental control over stimuli, they are limited in
ecological validity. Relaworld social interaction and everyday use of social
cognition is richer in detail and more nuanced than passively presented stimuli are
able to convey (Foulsham & Kingstone, 2017; Risko, et al., 2012). Moreover, some
studies have revealed inconsistenaiesocial behaviours when they are tested in a
typical labsetting versus annconstrained reatorld social interaction (e.g.
Hayward, et al., 2037It is therefore unknown whether the difficulties that
adolescents and older adults show irtlased sdal cognition tasks are magnified
in realworld situations due to the complex and dynamic cues available, or whether
the situational context scaffolds more successful use of social interaction processes.
To date, no research has examined the developrheatial attention while
people actively participate in realorld interactive situations. Nevertheless, some
insights can be gained from studies that havet&gked young and old adults while

they watch videos of other people interacting. For examptari et al. (2015) and
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Grainger et al. (2019) compared to ol der

videos of two people discussing a controversial topic, then judged the rapport
between the two protagonists or their mental states. Both studiesdshimat older
adults spent | ess time fixating on the
and older adults were less able to correctly judge rapport or understand their mental
states than young adults. Thus, in line with the impaired ToM seearmtightly
controlled paradigms, older adults attended less to faces, and as a consequence
experienced difficulty extracting social information about others. However, none of
these studies have included an adolescent group to assess early development.
Interestingly, adolescence is a period marked by particular sensitivity to the social
environment (Peper & Dahl, 2013), most notably an attentional shift in social
orientation from family members to their saiaged peers (Blakemore & Mills,

2014) and increasleselfawareness (van den Bos, et al., 2011; Well, et al., 2013). No
studies have examined how social attention is allocated during adolescence, and
whether this differs from adulthood.

In this chapter we explore whether social attention differs across
dewelopment, testing whether social attention might be a mechanism to successful
social interaction, and therefore a primary source of the impaired ToM seen in
adolescents and older adults compared to young adults. We adapted two tasks that
have examined saliattention in realvorld interactive situations, using mobile eye
tracking technology. Freeth et al., (2013; see also Vabalas & Freeth, 2016)
monitored looking behaviours while young adult participants engaged in a semi
structured ondo-one conversatiowith an experimenter. Participants took turns
with the experimenter to ask and respond to questions about general topics, such as

plans for the weekend, and eye movements to the face, body and background were
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analysed while participants were speakingsiehing. Results revealed a general
preference to |l ook at the experimenteros
on the face) was higher when participants were listening compared to speaking, and
attention to the nosocial information (i.e. t background) was higher when

speaking than listening. This pattern is interpreted as evidence that interlocutors
foundspeaking more cognitively demanding than listening,us®di gaze aversion

as a meansf reducing these processing costs to avoid ditrg. social information

in the face (e.g. Barzy, et al., 2020; Dohe&®tyeddon, et al., 2002; Dohei®neddon

& Phelps 2005; Glenberg, et al., 1998). In another study, Foulsham, et al. (2011)
recorded young adult partighiapuayrubiesitygaze \
campus. Contrary to labased studies that have shown a human predisposition to
preferentially attend to social information (Emery, 2000; Kingstone, 2009), the
results from this naturalistic setting revealed that relatively few fixatieere

directed towards people (~22%) compared to othersoaial information in the
environment. This study therefore provides further evidence that social attention is
reduced when participants are under additional cognitive demands (e.g. route
finding). In sum, the broad aim of this chapter is to investigate whether and how
social cognition changes across the lifespan, assessing whether distinct patterns are
seen across different sisbmponents of social cognition. Based on the literature
discussed ifChapter 1 and above, we expected to find overall impaired social
cognitive abilities in adolescents and older adults compared to young adults. Specific

hypotheses for each task will be detailed in the Methods section.
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2.2.Methods

All methodological proceduresere preregistered on the Open Science Framework

(OSF) web pages (sesf.io/jgry4 osf.io/guf6k osf.io/evb23 osf.io/qwz8m

osf.io/fnd8h osf.io/za4n.

2.2.1. Participants

A total of 293 participants, aged betweenr8years old, were recruited for this

study. Of this total sample, nine participants were excluded for having MoCA scores
less than 26. This resulted in a final sample of 284 participants, divided into three
agegroups: 91 adolescents (aged1years), 104 younger adults (agee4?0

years), and 89 older adults (aged8&Dyears). Participants were paid £50 for their

time. All were native English speakers, had normal or correctedrmal vision,

had no known aurological disorders, and no mental health or autism spectrum
disorder diagnoses. Participants were recruited from a community sample in the local
area of Kent, U.K., using a variety of recruitment strategies (e.g., newspaper adverts,
local groups, woraf-mouth, Kent Child Development Unit). Sample size was pre
registered based on previous research, and constraints to complete the PhD. The
Ethical Committee of the School of Psychology, University of Kent, U.K., approved
the study.

Participant details, cluding mean age and gender balance for each of the
three age groups, are presented in Table odiceconomic status (SES) was
estimated by asking participants (if aged over 18) or parents of participants (if aged
under 18) to report on their level eflucation, household income, and their
occupation (job title and industry). To calculate an SES index, education level was

coded on a scale of@ (from No qualification$ Postgraduate Degree), and
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household income and occupational class were codedcateacs 17. These three
scores were summed to derive an SES index, with lower scores indicating lower
SES. In addition, 1Q was assessed using the Wechsler Abbreviated Scale of
Intelligencei Second Edition (WASI; Wechsler, 1999), cognitive dysfunction was
screened using the Montreal Cognitive Assessment (M&@A&reddine, et al.,

2005, and autistic traits were screened using the Autism Quéatz(AQ-10;

Allison, et al., 2012).

Table 21: Participant characteristics by age group (mean values, with standard
deviations in parenthesis).

Adolescents  Younger Adults  Older Adults

N 91 104 89
Age (years) 14.6 (3.0) 27.0 (5.2) 67.9 (5.2)
Gender (F:M) 52:39 69:35 59:30
SES Index 10.1 (3.6) 10.6 (2.8) 11.2 (2.6)
Full Scale IQ 102.4(10.2) 101.7 (13.3) 110.5 (11.1)
Verbal IQ 100.8 (9.0) 99.3 (10.8) 107.5 (12.4)

Perceptual
Reasoning I@ 1048(11.8) 1028 (12.1)  110.7(13.3)

MoCA 27.9 (1.9) 27.7 (1.7) 27.3 (1.9)
AQ-10 2.7 (1.9) 3.2(1.9) 2.6 (1.5)

2.2.2. Experimental tasks

2.2.2.1. Hierarchy of Social Inferences

We adopted the task developed\glle and Holbrook (2012; Study 3) to examine

the likelihood and speed with which people make mental state inferences about
others, such their intentions, desires, beliefs and personality. Stimuli consisted of 42
videos that depicted people in everyday lifeaitons and portrayed three classes of
behaviours: goafailored pased on intentionality, e.g. a student riding his bicycle to
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university),trait-tailored (based on dispositioe.g.takes an orphan to the circus),

and untailoredtbat elicited various inferences, e.gvaman sweeping the floor).

The videos ranged in length from 4 to 1Rk 7s). Participants were instructed to

make a judgement for each video about whether or not they detected a specific

mental state inthe mailncar act er 6 s behaviour (note tha
control or catch cue). A probe word, presented after each video, indicated the mental

state to be inferred (see Table 2. 2).

Table 22: Inference probes and their meaniinghe hierarchy of social inferences
task

Probe word Question
Did you detect a certain PERSONALITY characteristic tt
PERSONALITY main actor has?
THEGOAL Did you detect a certain GOAL the main actor has?
Did you detect what the main actwas THINKING (was
THINKING aware of, knew, saw, etc.) in this situation?
Did you detect the actor INTENTIONALLY perform the
INTENTIONAL behaviour?
ISMALE Is the actor MALE?
DONOTRESPOND When you see this cue, DO NOT answer

Each trial began with a central fixation cross for 1000ms, followed by the
video, then a probe word appeared for 4000ms. Participants responded to the probe
word using the keyboard. If they detected the probe social behaviour, they pressed
the y key, whichnitiated a second screen asking them to explain their answer out
loud (spoken responses were recorded using a microphone). If they did not detect the

probe social behaviour, they pressed the n key, and the trial ended.
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What wasthe personality
trait?
PERSONALITY?

Follow-up query

Inference probe

Simulus behaviour

Figure 2.1: Event sequence for one trial in the hierarchy of social inferences task.

The experiment began with a familiarisation phase to ensure that participants
understood the meaning of the inference probes. Participants were presented with
each of the six probe words and had to say out loud the meaning, then were given the
correct meaimg again on screen. The main experiment consisted of a short practice
block of eight trials, followed by 42 experimental trials divided into two blocks.

Each of the four social behaviour probes appeared nine times during the experiment,
while the catch ahcontrol probes appeared three times eabls task lasted 12
minutes on average.

Two dependent variablekelihood of inferencesind log reaction times,
were analysed using a mix&dNOVA that crossed the betweanbjects factor Age
Group @dolescentss.young adults/s.older adulty andthe withinsubjects factor
Inference typeigtentionvs.desirevs.beliefvs.personality). We predicted that
overall participants would show higher likelihood of inferences and faster reaction
times for intentionsrad desires (which should nofffdir), compared to beliefs, and
finally personality. Regarding age effect

replicate previous results from Malle and Holbrook in which participants showed a
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‘hierarchy of social infences'. We predicted that participants would show higher
likelihood of inferences and faster reaction times for intentions and desires (which
should not dfer), compared to beliefs, and finally personality. We also tested the
hypothesis that this hierdrg of social inferences changes in adolescents and in old

age, though make no directional predictions on thdéerdnces.

2.2.2.2. Visual/Spatial perspectivaking

Perspectivaaking was assessed using the Visual/Spatial perspeakirey task

developed by Surtees et al. (2013a). Stimuli showed a human avatar seated in a room

with a cube that showed a numb@ror 9. The cube could be positioned either in

front, behind or to the side of the avatar, and the entire scene was presented to

participants at different rotatiori® , 60, 120, 180, 240, 300), as shown in Table

2. 3. Participants were instructed to tal

perspective tgudge WHAT (level 1) or HOW (level 2) they saw the cube.
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Table 23: Difficulty levels used in th&/isual Spatial perspective takimgsk.

Level 1 Level 2

He CAN or CANNOT SEE the He sees a 6 or 9 on thiock

block
Visual
The block is IN FRONT or The block is to his LEFT or
BEHIND him RIGHT
Spatial

In the level 1 visual perspectitaking condition, participants were asked to
judge if the avatar can see or cannot see the cube. In the MagebPperspective
taking condition, participants had to indicate if the avatar can see the number 6 or 9.
In the level 1 spatial perspectit@king condition participants responded if the cube
was in front or behind the avatar, while in the level 2 spp#isspectivetaking
condition they had to | udgoerightfiandtsidlee cube
Thus, both level 1 conditions used the same set of images but gave different
instructions to participants. In level 2 all the images contained mestan which the
cube was visible to the avatar. For the two level 2 conditions and the level 2 visual
perspectivaaking condition the cube was either directly in front or directly behind
the avatar, while in the level 2 spatial perspeetaleng conditon the cube was at a
45-degree angle from the avatar so a judgement could be made if the cube was on the
left- or righthand side of the avatar. Participants indicated their response to each

trial using the up and down arrow keys on the keyboard.
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Participants completed a total of four blocks (one for each condition), each
consisting of 16 practice trials and 64 test trials. Angleend 180 appeared 16
times each per block, and angles,8[20, 240, 300 appeared 8 times eadby
analysis, the datimom the 60 rotation was combined with data from the 300
rotation, and data from the 12@tation was combined with data from the 240
rotation to include both clockwise and anticlockwise variatidhe. order of the four
blocks, as well as the order@bpearance of images within each blogis
randomized. Each trial began wdlcentral fixation cross for 600 nfs]lowed by
200ms blank screen and then stimulus presentation. Participants were given 5000ms
to respond. If no response was recorded,rihbewas coded as incorrect and next
trial began automatically. Feedback on accuracy and response speed was provided
during the practice blocks only. This task lasted 10 minutes on average.

Two dependent variables, error rates and log reaction times, were analysed
using a mixedANOVA, crossingthe betweersubjects factor age Group (adolescents
vs.young adultss.older adults) with the withisubjects factoréingle (0 vs.60
vs.120 vs.180), Type (levell < level2) and Content (visual spatial). We
expected to replicate previous studies (Surtees et al 2013a) in showing main effects
for level (level 2 vs level 1), angle (increasing RTs with increasing angle), and
content (visual vspatial), as well as interactions for angle by level, and content by
level. Regarding age differences, we predicted an improvement in response times
through adolescence and a decline through old age in the ability to adopt another
person's visual/spatiakpspective. We predict that these impairments will be greatest

for level 2 perspectiwaking, and absent for level 1 perspectiaking.
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2.2.2.3. Interactive reference assignment
To exami ne par inferaefepeaca in codversation Wweedanyavatao
version of the referent Keydar,at@.n2608)ihé cat i on
task was delivered and controlled using SR Research Experiment Builder software
(version 2.1.140). During the task, participants were presented with an image of
room containing a 4 x 4 gridded cupboard, creating 16 slots that could contain
objects, and a femal e avat ar-hafdtsidesofthedi r e c 1
cupboard (see Figure 2. 2). Crucially, the backs of five slots (different for reggh t
were covered with a green backing, so that only the participant could see the
contents of these spaces, and the content
Eight objects were randomly placed within the grid slots, two of which were in
occluded psitions and six could be seen by both the director and the participant.
Participants were asked to move objects
instructions.

In the Listener perspective condition, participants needed to take the
d i r e cerspecti@esto splect the mutually available object, and ignore a competitor
object in an occluded slot that fitted the description (since it could not be seen by the
director). Thus, participants were required to inhibit their own perspective to
considerhe correct object from the director 6:¢
participant 6lovathadsmdll starane klat dovit owlber e t he gr
contained three stars of different sizes, the smallest of which was occluded from the
director. In this example, it would be correct for the participant to select the medium
sized star, since this iperspedive. Insthe&Halece st s
perspective condition, the competitor object was replaced by a different (neutral)

object that could not be mistaken for thi
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i nstance, the par tMow thesanalisr oneoslotidowbb e asked
where the grid contained only two mutuadlyailable stars. Here, it would be correct
to select the objectively smallest star,
the directords perspecti veputerfausettdselecpant s
an object, and drag it to the new location detailed in the verbal instruction. See
Figure 2. 2 for a visual depiction of stimuli across Liste@aty and Shared
Perspective conditions.

The experiment included two practice trials @ddexperimental trials, of
which 12 included a Listener perspective instruction and 12 included a Shared
perspective instruction. Each trial included two instructions; one was alidier
referred to a specific item and did not involve perspedakeng( e .nmpve thé
yellow bucket one slot yiller instructions were not included in the analysis. The
order of filler and critical instructions was counterbalanced across trials, and a new
instruction was only given once participants had responded toekimus
instruction. Audio instructions were presented through headphones, and participants
were given 4000 ms before the first instruction to inspect the grid. This task lasted

10 minutes on average.
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Move the small star one slot down

LISTENER PERSPECTIVE SHARED PERSPECTIVE

Figure 2.2: Example stimuli used in tHeateractive reference assignment task,
showingListener perspective and Shared perspective conditions.

Two dependent variables, error rates and log reaction times, were analysed
using a mixed ANOVA that crossed the betwsebgcts factor Age Group
(adolescentss.young adults/s.older adults) with the withisubjects factor
Condition (listener perspectiwes.shared perspective). We predicted that
participants overall will make more errors on listener only trials compargthted
trials. Moreover, we predicted that adolescents and older adults will make more
egocentric errors on listener only trials compared to young adults.

Regarding age effect, we predict that participants will be faster to select the
correct object whenansidering shared perspective versus listener only view. In
addition, we expected reaction times to increase across the age groups (adolescents >
young adults < older adults), and for the size of the listehared conditionféect to
be larger in the okl adult group compared to the adolescent and young adult

groups.To note thatompared to previous literature, our study has adopted a shorter
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version of this task with a reduced number of target trials. This might affect the

performance.

2.2.2.4. Empathy for physical and social pain

This task was based on Jackson et al. (2005), in which participants viewed images
depicting others in painful or nguainful situations while brain activityas

measured using EEG. Specifically, we comparedbtheai nds r esponse
hands and feet in physical and social pain, as an indicator of empathy for others.
Stimuli wereimages and photographed eventth real actors. Physical pain images
depicted pain caused by pressure, thermal, sharp objectand social pain images
depicted situations of embarrassment, grief, misery, etc (see Table 2. 4). An initial
total of 162 images wettested and modified using a gest in whichparticipants
indicated the level of pain they thought the person irpitteire was feeling, using a
scale from 0 (no pain) to 100 (worst possible pdaajn ratings were tested by a

total of 89 students from the University of Kent using an online questionnaire
platform (Qualtrics). Given the large number of images, thesétlbf 162 images

was split into two sets of 81 images, and at least 41 participants rated each image.
|l mages were presented one at a ti me,
sliding scale. Using these ratings, we selected the final setiofagfes (see

Appendix A for full set of images), which consistedlOf physical pain image$/i(=
48.5, SD = 7.5), 10 physical fpain imagesN! = 9.01, SD = 4.2), 10 social pain

images M =51.2, SD = 11.7), and 10 socialpain imagesNl = 11.1, SD =5.1).
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Table 24: Example stimulused to depict physical and social pain and their
correspondingng ai n i mages for the empathy fo

Content

Physical Social

Type

Pain

No Pain

The main experimental task consisted of 160 trials, 40 in each of the four
conditions, and EEG activity was recorded througlifmutdetails see section 2.1.4)
Each image measured 320x340 pixels, andskiasvn four times over experiment
Trials begarwith a central fixation cross f&00ms, followed by an image for
3000msOn 25% of trials (i.e. once per image) a subsequent screen prompted
participants to rate the level of pain that the person in the picture was feeling on a
visual analoga scale from 0 (no pain) to 100 (worst possible pain); responses were
made using the mouse.ank screen was presented between trials using a variable
inter-stimulus interval between 500 and 1500 ms to prevent expectancy effects on
mu rhythm. Trials wer@resented in a randomized order, over four blo€kss task
lasted 40 minutes on average, including EEG setup.

Three dependent variables were analysed. First, explicit pain ratings were

analysed using a mixed ANOVA, crossing the betwsdnjects factor §e Group
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(adolescentss.young adultsss.older adults) with the withisubjects factors Type
(Painfulvs.Nonpainful) and Content (Physices$. Social).Second, EEG data was
analysed separately for mu/alphal@z) and beta (:35Hz) power, using mixed
ANOVA crossing the betweesubjects factor Age Group (adolescergsyoung
adultsvs.older adults) with the withisubjects factors Type (Painfus. Non
painful), Content (Physicats. Social)and Electrode site (centnad.occipital).

We expecteghain ratings to be higher for pictures that show painful
situations compared to fain situations. We also predicted that this difference will
be larger for physical pain compared to social pain. Regarding the EEG data, we
expected to replicate previousidies in showing greater mu desynchronization for
painful stimuli compared to Rpain stimuli (Perry, et al., 2010). Moreover, we
expected that this pairelated desynchronization would be greater over the
sensorimotor cortex than over occipital lobeflerding genuine mirror neutron
activity rather than differences in arousal. We also predicted greater mu
desynchronization for physical painful stimuli compared to social painful stimuli.
Finally, in terms of age differences, we predicted that youngsadwliild show
greater mu desynchronization in response to painful stimuli compared to both

adolescents and older adults.

2.2.2.5. Social attention in the realorld: face-to-face conversation

In this task, participants engaged in a sstmictured conversation with the

experimenter while wearing the eyracking glasses, similar to Vabalas and Freeth

(2016). The conversation tapped general topics, such as plans for the weekend or
hobbies.Inte f i r st part, the experTelmeadodgr aske

some things that you did last weekend and some things that you plan to do next
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weekendo or fiDescribe a few things you
things you considertb e t y pi c al that wefetesignedcogrorapy the
participant to speak for approximately 30s (see Appendix B for the full set of
guestions)this was defined as ti&peakingphase. In the second part, the participant
and experimenter switched rojesd the participant now asked the same questions
to the experimenter and listened to their answers; this was definedLastéiméng
phaseThe Speaking phase was always followed by the Listening phiase.
experimenter sat in a chair opposite the pgrdint, approximately one meter away
and looked directly at the participant while speaking and listeNiadpal responses
were recorded through a microphone integrated into the glagssgask lasted ~10
minutes on average.

As an additional measure sdcial attention, we displayed three posters
directly behind the experimenter (see Figure 2. 3). Two of these posters depicted
social scenesa group of young adults either with averted gaze (i.e. looking at each
other) or shared gaze (i.e. looking outls# image towards the participant), and one
poster depicted a nesocial scene (i.e. a scene from the local area with no people).
The position of the posters was randomized across the participants, and two sets of

images were used for each condition (ppendix C).
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Figure 2.3: (left panel) A typical view seen by a participant during the face to face
conversation task; (right panel) example definitions of the three Aols used to
analyse fixations in this study.

Two separate analyses were conducted on the proportion of fixations during
this conversation taskhe main analysis used a mixed ANOVA, crossing the
betweenrsubjects factoage Group (adolescents.young adultys.older adults)
with the withinsubjects factors Conditigispeakingvs.listening) and Aol (faces.
bodyvs.background). Eye movements towards the background posters were
analysed using a mixed ANOVA, crossing the betwsdnjects factoage Group
(adolescentsss.young adultss.older adults) with the withksubjects factors
Condition(speakingvs.listening) and Aol (shared gaxs.averted gazgs.neutral).

We expected to replicate the basic effects from Freeth et al. (2013); overall

participants wold preferentially attend to social content in the environment, and this

would be modulated by phase of the conversation (i.e. more looks to the
experimenterodos face while | istening, and
predicted thaadolescentsral older adults would make fewer fixations towards their

social partner compared to young adults. Finally, based on studies showing a bias to

look at people (Birmingham, et al., 2009), we predicted that overall participants
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would make more fixations to thmckground poster depicting social scenes

compared to the poster depicting a 1social scene.

2.2.2.6. Social attention in the reaorld: Navigating an environment

This task adapted the reabrld navigation task used in Foulsham et al. (2011).
Particpants were asked to complete a short independent task, to walk from the lab to
College receptioto collect a leaflet, and walk back. They were told they could take
the route of their choice, and were given a map of the building to ensure that
participantsvalked through similar environments (see Figure 2THis task

involved a walk of 510 mins inside a building environment that featured objects,

signs, and other people. The experimenter followed participants from a distance.

Figure 24 (left panel)An example view of the environment seen by a participant
during navigation task; (right panel) example definitions of tbisAised to analyse
fixations in this study.

Analysis wasconducted on the proportion of fixations during this navigation
task,using a mixed ANOVA that crossed the betwsebjects factoage Group
(adolescentgs.young adultss.older adults) with the withisubjects factoAol

(mapvs.objectsvs.pathvs.people). We expected to replicate the basic effects from

52



Foulsham et al. (2011); overall participants would make more fixations ean non
social content (i.e. objects, map, pédtgn social content (i.e. people) in the
environment. We also predicted that older adults would make fewer fixations
towards people compared to adolescents and young adults, and instead would look

more at norsocial content.

2.2.3. Procedure

Participantcompleted the six social cognition tasks in a single testing seasion

quiet laboratonat the University of Kent. The order of tasks was counterbalanced
across participants, and was run as part of a larger task battery (that included the
cognitive assssment tasks described in Chapter 3). The entire testing session lasted

approximately 3.5 hours, including breaks when needed.

2.2.3.1. EEG recording and analysis

Electroencephalographic (EEG) activity was recorded during the empathy for

physical and saal pain task from 30 active electrodes using a Brain Vision

Quickamp amplifier system with an ActiCap cap referenced to FCz. Vertical electro

oculogram (VEOG) activity was recorded from one extra electrode (below right

eye), and horizontal electarulogiam (HEOG) activity was recorded from one

extra electrode (to the left of the left eye). EEG and EOG recordings were sampled at

1000 Hz, and electrode i mpedance was kep!l
Prior to segmentation, a vertical ocular calculation was applied (1*Fp2+(

1*VEOG)). All data were reeferenced to a common average reference. EEG and

EOG activity was bangass filtered (070 Hz, notch filter at 50Hz). Data were

visually inspected for noisy sections or channels, and for other general artefacts.
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EEG activity ontaining blinks was corrected using a semiomatic ocular ICA
correction approach (Brain Vision Analyzer 2.1). An average of 3.89 ICA
components were removed per individual dataset.

EEG data was timocked to the onset of each stimulus image, andwiasa
segmented into a 500ms baseline peri6@@0ms from stimulus onset) and a 2s
pain judgement period (56@500ms from stimulus onset), as shown in Figure 2. 5.
Semtautomatic artefact detection software (Brain Vision Analyzer 2.1) was run, to
identify and discard segments with ronular artefacts (drifts, channel blockings,
EEG activity exceeding + 50uV). A fagburier transformation, with 10% Hanning
window, was then applied to each segmant the signal was averaged for each
condition and elecbde In the baseline period, there was an overall data loss of 5%
for the physical pain trials, 5% for the physical no pain trials, 5% for the social pain
trials, and 5% for the social no pain trials, with an average of 37.98 (out of 40)
baseline trial segménretained per participant. In the pain judgement period, there
was an overall data loss of 8% for the physical pain trials, 9% for the physical no
pain trials, 9% for the social pain trials, and 8% for the social no pain trials, with an

average of 36.6(out of 40) trial segments retained per participant.

Blank screen
500-1500ms ISI

Stimuli image
3000ms

>
-500-Oms | 500-2500ms

baseline | experimental

Figure 2.5: lllustration of the sequence of events used in the empathy for pain task,
showing segmentation used to define baseline and experimental (i.e. pain
judgement) priods.
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The average mu/alpha-(@Hz) and beta (:35Hz) power for each condition
was calculated for the electrodes of interest over the central (C3, Cz, C4) and
occipital electrodes (O1, Oz, O2), as shown in Figure 2. 6. This allowedast to
whether changes mu and beta desynchronization over central sites were distinct
from alpha and beta desynchronization over occipital $h@seasure of the
percentage change in power was calculated for each experimental condition
(physical pain, physical no pain, soqguin trials, and social no pain) relative to the
baseline period in that same condition for each electrode of interest in both alpha and
beta bands, using the formula: log10(experimental/baseline). Data from electrodes
C3, Cz and C4 was averaged for thetca electrode site, and data from electrodes
01, Oz and O2 was averaged for the occipital electrodeNstgative values

indicate mu/alpha and beta suppression.

Figure 2.6: Central electrodes and occipital electrodes, are indicated with red and
blue colours, respectively.
2.2.3.2. Eyeracking recording and analysis
SMI mobile eyetracking glasses were used to record-ligaleye movements. A
front-facing camera on the gses recorded a video of the scene (field of view: 60°
horizontal, 46° vertical; resolution: 1280 x 960pixels), as seen by participants, and
binocular eye movements around this scene were recorded at a sample rate of 60Hz
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(with 0.5° accuracy). Correctiverises of the appropriate prescription could be
attached to the eyteacking glasses if necessary. Before eachweald task,
participants were fitted with the eycking glasses, the experimenter ensured that
they were comfortable, and participants gbeted a 3point calibration and

validation procedure.

SMI BeGaze analysis software (3.7.59) was used to prepare fixation data for
analysis. For the face to face conversation task, fixations during the verbal responses
were assignedtoone of sixareasait er est (Aol s): the exper
backgroundshared gaze poster, averted gaze poster, neutral pdstdvackground
Aol was defined as any area in the scene except for the experimenter, and included
fixations to the posters for the main analysis. For the navigation task, fixations were

assigned to one of four areas of interest (AOIs): path, map, objects, and people.

2.3.Resuls
All analysis procedures were prregistered, and thiell datasets and analysis scripts
are available on the Open Science Framework web fagessf.io/jgry4

osf.io/quf6k osf.io/evb23 osf.io/qwz8m osf.io/fnd8h osf.io/za4dnh All statistical

analyses were conducted invBrsion 3.6.1.

2.3.1. Hierarchy of Social Inferences

As in Malle and Holbrook (2012), likelihood was calculated as the percentage of
trials on which participants responded f"
and reaction times were calculatedtfor i al s with a Ayeso respo

excluded from the analysis of reaction times if they fell more than 2.5 standard

deviations from the age groupbds mean r es|
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400ms. The final sample in this task was 282 (Sflemtents, 103 young adults, 89
older adults). Two participants were excluded due to failure of the program. A 3 x 4
mixed design ANOVA was used to analyse the likelihood of inferences and log
transformed reaction time data, crossing the betvgebjects ariableage Group
(adolescentss.young adults/s.older adults)with the withinsubjects variable
Inference (Intention, Desire, Belief, Personality). Full statistical effects are reported
for likelihood in Table 2.5, and for reaction times in Table 2.6.

Table 25: Statistical effects for Likelihood in the Hierarchy of social inferences
task. Asterisks show significance of effects, wherg & .01; *** p < .001.

df F p d?

Age Group (2, 279) 16.74 <.001*** A1
Inference (3, 837) 141.86 <.001*** .34

Age Group x Inference (6, 837) 2.72 01** .02

Analysis of likelihood revealed significant main effects for both variables
The main effect of Age Group showed that overdblescentsM = 71%) were less
likely to make social inferences comparegooing adultsil = 79%;t(191) = 3.43,
p <.00J), butolder adults were more likely make social inferentés-84%)
compared to young adultg190) = 2.77p = .006) The main effect of Inference was
further explored following our preegistered contrastshich showed that
participants were more likely to more likely to infer a dedile=(88%) compared to
an intention 1 = 85%;t(281) = 2.83p = .009, more likely to infer an intention
compared to a belieM = 76%;t(281) = 7.34p < .00]), more likelyto infer a desire
compared to a belief(@81) = 10.10p < .001), and more likely to infer a belief
compared to personalifiy = 63%:;t(281) = 8.77p < .001).

The Group x Inference interaction was also significant. Felipvanalyses

used TANOVAs to test whether the likelihood of making each social inference
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differed between the three age groups. Results revealed that age Group modulated
the |likelihood of making inferkBe™®s abou:
= 14.68,p < .001,dp>= .10, desired; (2, 279) = 10.4p < .001,d,>= .07, and

beliefs,F (2, 279) = 16.91p < .001,dy>= .11, but not inferences about personakty,

(2, 279) = 2.08p = .13. Planned comparisons between age groups revealed that
adolescentwverelesslikely thanyoungadultsto infer socialbehaviourin thevideos
[intentions t(191)=3.33,p =.001;desirest(191)= 3.67,p < .001;beliefs,t (191)=
2.84,p = .005].In contrastplder adults were more likely than young adults to infer
socialbehaviour in the videos [intention$190)= 2.19,p = .03; beliefs,t(190)=

3.42,p < .001]. Contrastdbetweerninferencetypesrevealedhe samesignificant
patterndor all agegroups(all contrastsps < .04, exceptwhencomparingintentions
anddesiesin theold group,p = .63),which suggestshatthe basichierarchyof

socialinferencesloesnot changewith age.
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Figure 2.7: The likelihood of making social inferences in each age gnotipe
Hierarchy of social inferences taskhe plotsshow raw data points, a horizontal
line reflecting the condition mean, and a rectangle representing the Bayesian
highest density interval.
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Table 26: Statistical effects for reaction times in the Hierarchy of social inferences
task. Asterisks show significance of effects, whepe<*.05; *** p < .001.

df F P dp?

Age Group (2, 279) 29.21 < .001*** A7
Inference (3, 837) 11.87 <.001*** .04

Age Group x Inference (6, 837) 2.14 .05* .02

Results on reaction times once again revealed significant main effects for
both variablesThe main effect of Age group showed tbater adults were slower
to make social inferencebl(= 2116ms) compared to young adulté € 1695ms;
t(190) = 8.00p < .00)), but young adults and adolescemis< 1773ms) did not
differ, 1(191) = 1.93p = .06. The main effect of Inferenahowed that participants
were equally fast at inferring a desiM € 1771ms) and an intentioM(= 1783ms;
t(281) = .53p = .60), faster to infer an intention compared to a beldH=H1860ms;
t(281) = 3.64p < .00)), faster to infer a desire comparedat belief {(281) = 3.20p
=.002), and did not differ for inferring a belief and person@y= 1899ms}(281)
=1.69,p=.09).

The Age Group x Inference interaction was also significant. Felipw
analyses usedway ANOVASs to test whether the speafdresponses of making
each social inference differed between the three age groups. Results revealed that
Age Group modulated the response times of making inferences about the main
charact er &@&, 279 Ft1&491<i.001nds’ 5 .11, desirest (2, 279) =
34.73,p < .001,d,2= .20, beliefsF(2, 279) = 15.85p < .001,dp?= .10, and
personalityF(2, 279) = 20.19 < .001,dp,?>= .13. Planned comparisons between age
groups revealed thatolescentwverelesslikely thanyoungadultsto infer social
behaviourin thevideos[intentions t(191)= 2.14,p = .03; desires{(191)=2.01,p =

.04].In contrastplder adults were more likely than young adults to infer social
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behaviour in the videos [intentiorn$190)=6.34,p < .001;desirest(190)= 8.58,p
<.001;beliefs,t(190)=5.76,p < .001;personality(190)= 6.21,p < .001]. The
othercontrastdid not reachsignificance Contrastdetweennferencetypeswere
conductedseparatelypereachagegroup.Resultsrevealedhatolder participants
respondedignificantly fasterwhenjudgingintentions(M = 2023ms) compared to
desiredM = 2139ms}(88) = 3.33,p = .001)andbeliefs(M = 2119ms}(88) = 2.67,
p =.009);younger,insteadrespondedignificantly slowerwhenjudgingbeliefs(M
= 1769ms) compared totentions(M = 1649ms}(102)= 2.88,p = .005),and
desiregM = 1642msf(102)= 3.90,p < .001);whereasadolescentsesponded
significantlyfasterwhenjudgingdesiredM = 1737ms) compared tmeliefs(M =

1781ms$(89) = 2.13,p = .04).
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Figure 2.8: The log reaction time in each age granphe Hierarchy of social
inferences taskThe plotsshow raw data points, a horizontal line reflecting the
condition mean, and a rectangle representing the Bayesian highest density interval.
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2.3.2.Visual/Spatial perspectivetaking

As in Surteesetal., (2013a),0nly matchingtrials wereincludedin our analysesand

reactiontimeswerecalculatedonly on correcttrials. Outliers were excluded from the

analysis of reaction times if they fell more than 2.5 standard deviations fraagehe

groupdés mean

response t

me .

The f

nal

104 young adults, 88 older adults); one participant from the adolescent group was

excluded from the analysis due to accuracy lower than 50% and one due to computer

failure. A 3 x 4 x 2 x 2 mixed design ANOVA was used for analysis of log

transformed reaction time data, crossing the betvgebjects variablage Group

(adolescentss.young adultsss.older adults)with within-subjects variables Angle

(0°, 60°, 120°, 180¢ Level (1, 2) and Content (Visual, Spatial). Note that due to

space constraints, we only report in the text follqggvanalyses for interactions that

were predicted/planned in the megistration, or involved age Group. Full statistical

effects are repted in Table 2. 7. Data on accuracy are available in the Appendix D.

Table 2.7: Statistical effects for reaction times in the vispatial perspective

taking task. Asterisks show significance of effects, whgya*05; *** p < .001.

df F P e’

Age Group (2,279) 69.40 <.001*** .33
Content (1,279) 204.80 < .001*** 42

Angle (3,837) 395.97 <.001*** .59

Level (1,279) 662.13 < .001*** .70

Age Group x Content (2, 279) 0.88 42 <.01
Age Group x Angle (6, 837) 8.10 < .001*** .06
Age Group x Level (2, 279) 4.80 .009 .03
Content x Angle (3, 837) 7.06 < .001*** .03
Content x Level (1,279) 141.23 <.001*** .34
Angle x Level (3,837) 282.19 <.001*** .50

Age Group x Content x Angle (6, 837) 1.77 10 .01
Age Group x Content x Level (2, 279) 2.23 A1 .02
Age Group x Angle x Level (6, 837) 2.22 .04* .02
Content x Angle x Level (3, 837) 7.94 < .001*** .03
Age Group x Content x Angle (6, 837) 1.53 A7 .01

X Level
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Results revealed significant main effects for all variakBagerall participants
responded slower when making spatial compared to visual judgements (@91ms
870ms), and when adopting a level 2 perspective compared to a level 1 perspective
(1049msvs.812ms). The main effect of Angle showed that response timoesaised
as the angle of rotation increas®tb{= 875;Mesor = 892;M120 = 943; Mg = 1012;
all contrastg < .001). The main effect of Age group showed that older adults spent
|l onger judging the avataroés perspective |
(917ms) and young adults (821ms), and adolescents were slower compared to young
adults (all contrasts < .001).

As expected, the Content x Level interaction was significant. Fallow
analyses tested théf ect of content separately for each level, and showed that
response times were | ongew.visudl gerspegtived gi ng |
for both levé 1, 1(281) = 2.07p = .04, and level 2 judgement§281) = 15.34p <
.001. The Angle x Level interaction was also significant. Follmnanalyses tested
the dfect of angle separately for each level, ahdwed a significant effect of Angle
on both level 1F(3, 843) = 18.92p < .001,d,> = .06, and level 2 perspective
taking,F(3, 843) = 545.50p < .001,d,°= .66. For Level 1 judgements a significant
difference only emerged on angle contrastg60°,t(281) = 3.90p < .001, and
12(° vs.18(0, t(281) = 6.85p < .001, but 6r level 2 judgements all angle contrasts
were significant (alts > 10.2ps < .001), showing that the increasing angle of
rotation has a stronger effect on response timdgvel 2 judgementdn addition,
the Angle x Content interaction was significant. Folloyy analyses tested thiect
of angle separately for each content type, slvalved a significant effect of Angle
on both spatial perspectitaking, F(3, 843) = 16®2,p < .001,d,?>= .36, and visual

perspectivetaking, F(3, 843)= 269.65p < .001,d,?>= .51. Response times increased
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as the angle of rotation increased (all contrpsts01), though this increase was
steeper for visual than spatial judgements.

Importantly, Age group modulated some of the effects reported above: The 2
way interactions between Age group x Angle and Age Grougvel were
significant, and were further Bsumed under a®ay interaction between Age
group, Angle and Level. Followp analyses showed that the Age Group x Angle
interaction was significant only for level 2 judgeme&,846) = 7.45p < .001,d,?
= .05, and not for level E(6,837) = 1.95p = .07. Next, wedested the féect of
angle separately for each age group at level 2, revealing a significant effect of Angle
in all three age groups for level 2 judgements [adolesE€Bt267) = 179.18) <
.001,dp2= .67; youngF(3, 309) = 268.51p < .001,d,>= .72; old,F(3, 261) =
132.72,p < .001,dy%= .60], with young adults showing the greatest effect of angle.
Further followup analyses showed that the Age growexel interaction was
significant at angles 120F(2, 279) = 6.52p = .002,d,*>= .05,and 1®°, F(2, 279) =
7.05,p = .001,d,>= .05, but not Dor 6%, Fs < 2.7 ps > .07. Next, we tested the
effect of level separately for each age group and angle, and showalll that
participants had slower reaction tinfeslevel 2 than level 1 judgements at angle
120°[adolescentt(89) = 16.05p < .001 youngt(103) = 18.71p < .00% old t(87) =
14.48,p < .00] and 180 [adolescentt(89) = 19.60p < .00 youngt(103) = 2103,
p <.00% oldt(87) = 16.07p < .001], but the effect of level at these angles was

slightly smaller in the older adults than both the adolescent and young adult groups.
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Figure 2.9: The log reaction time in each condition and age gioubpe visue
spatial perspectiveaking taskshowing the condition mean and standard errors.

2.3.3. Interactive reference assignment

Only experimental trials were included in our analyses. Accuracy was calculated as
the proportion of trials on which participants correctly selected the target object, and
reaction times were calculated only on correct trials. Outliers were excludechizom t
analysis of reaction times if they fell more than 2.5 standard deviations from the age
groupbs mean response time, or were fast:
selected the object before hearing the scalar contrast term). The final samge in thi
task was 281 participants (90 adolescents, 104 young adults, 90 older adults); one
participant from the adolescent group was excluded from the analysis as the accuracy
was lower than 50% and two participants due to computer failure. A 3 x 2 mixed
designANOVA was used for analysis of accuracy and-@nsformed reaction time

data, crossing the betwesunbjects factoAge Group (adolescents.young adults

vs.older adults) with the withisubjects factor Conditioflistener onlys.shared
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view). Full gatistical effects are reported in Table 2. 8 for accuracy, and in Table 2. 9

for reaction times.

Table 2.8: Statistical effects for Accuracy in the Director task. Asterisks show
significance of effects, where *f < .001.

df F P Op?

Age Group (2, 278) 9.74 <.001*** .07
Condition (1, 278) 32.54 < .001*** A1
Group x Condition (2, 278) 7.95 <.001*** .05

Analysis of accuracy revealed significant main effects for both variakies
main effect of Age group showed that overatiung adultsi! = .98) were more
accurate at selecting the target object compared to older adutts93;t(191) =
4.13,p < .00J), and compared to adolescenis=£ .96,t(190) = 2.41p = .02).The
main effect of Condition confirmed our prediction that participants would commit
more errors in the listener only conditidl € .94") compared to the shared view
condition (M =.98;1(280) = 5.39p < .00]).

The Age group x Condition interaction was also significant. Folamv
analyses usedANOVAs to test whether accuracy differed between the three age
groups, separately for each condition. Results revealedgigagiroup modulated
accuracy in the listener only conditid®(2, 278) = 9.47p < .001,dp> = .06, but not
in the shared view conditiof, (2, 278) = 1.91p = .15. Planned comparisons
between age groups in the listener only condition revealegidhagadultswere
significantlymoreaccuratehanbotholderadults t(191)= 3.94,p <.001,and

adolescent4(190)=2.06,p = .04.

! Note that .056 of responses [adolescéts039, youngV=.025, oldM=.110] reflected
egocentric errors (i.e. selecting the competitor object in the occluded slot), and .009
[adolescent$1=.015, youngM=.005, oldM=.008] reflected other errors (i.e. selecting any
other object, most likely due to inattention).
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Figure 2.10: The accuracy in each condition and age gliaupe Director taskThe
plotsshow raw data points, a horizontal line reflecting the condition mean, and a
rectangle representing the Bayesian highest density interval.

Table 29: Statistical effects for reaction times in the Director task. Asterisks show
significance of effects, where *fy < .001.

df F P dp?

Age Group (2, 278) 66.84 < .001*** .33
Condition (1, 278) 1.92 A7 <.01
Group x Condition (2, 278) 1.82 .16 .01

Analysis of reaction times revealed significant a significant main effect only
for Age group, confirming our hypothesis tlodder adults would be slower to
respondM = 3616ms) compared to young adulté £ 2720ms(191) = 9.50p <
.00)). Response timaa younger adults and adolescents did not diffé=(2671ms,

t(190) = .66p = .51).
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Although the Agegroup x Condition interaction was not significang
conductedexploratoryanalysego testour hypothesighatolderadultswould showa
greatercondtion effectcomparedo adolescentandyoungadults.Pairedt-tests
wereusedto compareeactiontimesbetweerconditions,separatelyor eachage
group,andrevealedhatthe olderadultsweresignificantly slowerto respondn the
listeneronly condiion comparedo the sharedview condition,t(88) = 2.04,p = .04,
but this conditioneffectwasnot significantfor eitheryoungadults,t(103)=.07,p =

.95, or adolescentg(87)=.08,p = .94.
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Figure 2.11: The log reaction time in each condition and age gmoupe Director
task The plotsshow raw data points, a horizontal line reflecting the condition
mean, and a rectangle representing the Bayesian highest detesitsl.

2.3.4. Empathy for physical and social pain
The final sample in this task was 256 (76 adolescents, 94 young adults, 86 older
adults); 16 participants were excluded due to too few segments (more than 25%), and

seven participants were excluded due to excessive noise on the EEG recordings.
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From pain réings analysis, further two participants from the adolescent group were

excluded due to computer failure in recording their ratings.

2.3.4.1. Pain ratings

Pain ratings were analysed using a 3 x 2 x 2 mixed design ANOVA, crossing the
betweersubjects variabldge group (adolescentss.young adultys.older adults)
with the withinsubjects variables Type (pars.no pain) and Content (physioz.

social).Full statistical effects are reported for pain ratings in Table 2.10.

Table 210: St at i sti cal effects for pain rating:
Asterisks show significance of effects, whene & .05; ** p<.01; *** p< .001.

Df F P dp?

Age Group (2, 251) .76 A7 <.01

Type (1,251) 1092.82 < .001*** .81

Content (1,251) 4494 < .001*** 15

Age Group x Type (2, 251) 3.60 .03* .04
Age Group x Content (2, 251) 4.61 01** .03
Type x Content (1,251) 26.34 <.001*** .10

Age Group x Type x Conteni (2, 251) .76 A7 <.01

Results revealed significant main effects for the Type and Content of pain
The main effect of Type revealed that participants judged images depicting pain as
more painful M = 57.4) than negpain imagesN = 14.8,t(253) = 33.13p < .001).
The main effect of Content showed that participants judged physical stimuli as more
painful (M = 39.0) than social stimuliM = 33.2,t(253) = 6.43p < .001) As
expected, the Type x Contanteraction was significant. Follow ugests compared
the difference in pain ratings for pain andpain conditions (paiminusno-pain)
between physical and social stimuli, and showed that the pain effect was larger when
participants rated physicalsiuli (Mpif = 45.6) compared to social stimuM gt =

39.6,1(246) = 5.05p < .001)
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The 3way interaction betweefige group, Type and Content was not
significant howeverAge group modulated the effects of Type and Content
separately. To follow up the significaAige Group x Type interaction, we used t
tests to compare the difference in pain ratings for pain afhimoconditions (pain
minusno-pain) between the three age groups. Results revealed that the type effect
was larger iryoungadults(Mpitt = 46.73)compared to adolescentds = 38.44
t(166)=2.71,p =.007),but did not differ whencomparingyoungadultsandolder
adults(Mpits = 41.65 t(178)=1.72,p = .09). To follow up the significanfge group
x Content interaction, we usedetsts to compare the difference in pain ratings for
physical and social conditions (physicainussocial) between the three age groups.
Results regaled that the content effect was smallegdong adult§Mpiss = 2.23)
comparedo bothadolescentfMpisr = 7.46,1(166)= 2.51,p = .01) andolderadults

(Moit = 7.88,(178)= 2.73,p < .001.
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2.3.4.2 EEG analysis

Mu/alpha (813Hz) and beta (:35Hz) suppression was analysed using separate
mixed ANOVASs that crossed the betwesubjects factor Age Group (adolescents
vs.young adults/s.older adults) with the withksubjects factors Type (paus.no-
pain), Content (physicafs.social)and Electrode site (centras.occipital). Full

statistcal effects are reported in Table 2.11.

Table 211: Statistical effects for mu/alpha and beta suppression in the empathy for
ot hersé pain task. AsterislpsO0Ostpwilsi gni f |
*** p<.001.

df F p dp?
Age Group (2, 253) 7.74  <.001*** .06
Type (1,253) 38.11 < .001*** A3
Content (1, 253) 17.33 <.001*** .06
Electrode (1, 253) 16.82 < .001*** .06
5 Age Group x Type (2, 253) 3.52 .03* .03
@ Age Group x Content (2, 251) .05 .95 <.01
Q Age Group x Electrode (2,253) 21.11 <.001*** 14
e Type x Content (1,253)  .002 .96 <.01
? Type x Electrode (1,253)  2.90 .09 .01
e Content x Electrode (1, 253) .06 .81 <.01
<% Age Group x Type x Content (2, 253) .76 .94 <.01
S Age Group x Type x Electrode (2, 253) 2.37 .10 .02
= Age Group>Contentx 5 o553y 43 65  <.01
Electrode
Type x Content x Electrode (1, 253) .03 .86 <.01
Age Group x Type x Content ; 2, 253) 1.96 3 01
Electrode ' ' ' '
Age Group (2, 253) 10.79  <.001*** .08
Type (1,253) 1258 < .001*** .05
Content (1,253) 19.18 < .001*** .07
c Electrode (1, 253) 6.11 01** .02
2 Age Group x Type (2,253)  3.77 .02* .03
4 Age Group x Content (2, 251) 1.69 19 .01
S Age Group x Electrode (2,253)  1.83 16 01
7 Type x Content (1, 253) 2.05 15 <.01
S Type x Electrode (1, 253) 3.54 .06 .01
3 Content x Electrode (1, 253) 3.24 .07 .01
Age Group x Type x Content (2, 253) 2.56 .08 .02
Age Group x Type x Electrode (2, 253) 1.13 .33 <.01
Age Group x Content x (2, 253) 41 .67 <.01
Electrode
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Type x Content x Electrode (1, 253) 2.19 14 <.01
Age Group x Type x Content: (2, 253) 74 48 <.01
Electrode

2.3.4.2.1. Mu/alpha suppression

Analysis of mu/alpha suppression revealed significant main effects for all variables
As expected, the main effect of Type revealed greater mu/alpha suppression for
pictures that depicted paiM(= - .79) compared to rpain M = - .76). The main

effect of Content showed thatu/alpha suppression was greaterdioysical stimuli

(M =-.78) than social stimulif = -.76). The main effect of Electrode revealed that
mu/alpha suppression was greater over occipgiat €.79) compared to central
electrode sited =-.75). The main effect of Age group revealed that young adults
showed gyreater mu/alpha suppressidnh € -.81) compared to older adultdl € -
.72,1(178) = 3.88p < .00J), but did not differ compared to adolescemtis<(-.78,

t(168) = 1.22p =.22.

Crucially, Age group significantly modulated mu/alpha suppression in
response to Type of pain. Follewp analyses revealed that the effect of Type was
only significant in the young adul{93) = 3.13p = .002,and older adult groups,
t(85) = 6.02p < .001, but not in thadolescent group(75) = 1.90p = .061.In
addition, he Age group x Electrode interaction was significant. Follpnanalyses
showed that mu/alpha suppressibifiered significantly betweethe three age
groups over both centrdf(2, 253)= 5.86,p = .003 dp> = .04, and occipital electrode
sites,F(2, 253)= 12.55,p <.001, d,>= .09. Age contrasts showed that young adults
showed greater mu/alpha suppression compared to older adultsonstal sites,
t(178)=4.58,p <.001,butthe two groups did not differ over central sit€$78)=

1.83,p =.07.In contrastyoungadultsshowedgreatermu/alpha suppression
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compared t@adolescentsvercentralsites,t(168)= 3.25,p = .001,but thetwo

groupsdid not differ overoccipital sites,t(168)=
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2.3.4.2.2 Beta suppression
Analysis of beta suppression revealed significant main effects for all varialsles
expected, the main effect of Type revealed greater beta suppression for pictures that
depicted painNl = -.734) than ngpain M =-.7271(255) = 3.56p < .001). The main
effect of Content showed thlaéta suppression was greaterghysical stimuli(M =
-.74) than social stimuliM = -.73,t(255) = 4.53p < .001) The main effect of
Electrode revealed that beta suppression was greateoasipital (M = -.74)
compared to central electrodds € -.72,t(255) = 2.52p = .01).The main effect of
Age Group revealed that young adults showed a greater beta supprigksiaii)
compared to older adults(=-.70,t(178) = 4.19p < .001), but did not differ
compared to adolescentd € -.74,1(168) = .31p = .76).

Once again, Age group significantly modulated beta suppression in response
to Type of pain. Followup analyses revealed that the effect of Type was only
significant inthe older adult group(85) = 5.25p < .001, but not in thadolescent,

t(75) = .63,p = .53, oryoung adult groupg(93) = 1.15p = .25.
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2.3.5. Face to face conversation

2.3.5.1. Face to face conversation

The final sample in this task was 268 participants (89 adolescents, 99 young adults,

80 older adults); ten participants were excluded due to insufficiertagiang data

and six participants were excluded due to technical issues. For the main analysis,

fixations were analysed using a 3 x 2 x 3 mixed design ANOVA, crossing the

betweenrsubjects factoAge group (adolescents.young adultys.older adults)

with the withinsubjects factors Conditigispeakingvs.listening) and Aol (faces.

bodyvs.background). Full statistical effects are reported in Table?2. 12

Table 212:; Statistical effects for fixations in the fatmface conversation task.

Asterisks show significance of effects, wherep** .01; *** p < .001.

df F P dp?
Age Group (2, 265) <.001 1 <.001
Condition (1, 265) <.001 1 <.001
Aol (2, 530) 203.62 <.001*** 44
Age Group x Condition (2, 265) <.001 1 <.001
Age Group x Aol (4, 530) 5.98 <.001*** .04
Condition x Aol (2, 530) 128.71 < .001*** .33
Age Group x Condition x (4, 530) 3.18 .01* .02

Aol

Results revealed a main effect of Amidicating that overall, participants

distributed their attention differently towards the Aols. FoHomvanalyses showed

that participa

nt s

spent

a

greater

propor

2 Note that he main effects of Age Group and Condition, and the Age Group x Condition
interactionare not meaningful in this analysis because proportions of fixations for each

participant/condition summed to 1.
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(M = .60)compared to the background & .24;t(267)=13.87,p <.001), and a
greater proportion of time fixating the |
body M = .15;t(267)=17.55,p < .001).

As expected, the Condition x Aol interaction was significant, showing that
participants allocated their attention around the Aols differently when speaking and
listening. Followup analyses useddsts to compare fixations for speaking and
listening condions separately for each Aol. As predicted, participants spent longer
fixating the background while speaking & .36) compared to listening/l(= .13,
t(267)=15.40,p<.001),butspent onger fi xating whilee exper.
listening(M = .71) comparingto speakingM = .50, t(267)=11.44,p <.001).In
addition,participantsspentlonger fixatingthee x p e r i rbadywhike listersing
(M =.17)comparedo speakingM = .14,1(267)= 2.25,p = .03).

Importantly, the Aggroupx Aol interaction was significanand was further
subsumed under a8ay interaction between Aggoup,ConditionandAol.

Follow-up analyseshowed that the Aggroupx Aol interaction was significant

both while speaking=(4, 530)= 3.81,p = .005 dy>= .03, and listening7(4, 530)=

6.24,p <.001, d,?>= .05.Therefore, we conducted separatedy ANOVAs for each

Aol to compardixations between age groupesults for both listening and

speaking conditions showed a significant difference betweergfggs on

fixations to the exRFZX265meMp<edObdg’=DaCce [ | i
speakingF(2, 265) = 5.18p = .006,d,>= .04] and the background [listenirf(2,

265) = 9.06p < .001,d,>= .06; speakingE(2, 265) = 4.52p = .01,d,?>= .03], but no

effectof Agegroupon fi xations to tFh<e89psepler i menter
Pl anned contrasts showed that young adul i

compared to botblder adultglistening:t(177)=4.04,p < .001;speakingt(177)=
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2.10,p = .04] andadolescentflistening:t(186)= 2.69,p = .008;speaking1(186)=
3.34,p < .001]. Youngadultssubsequentlgpentlesstime looking at the background
compared to both older aduftstening:t(177)=4.33,p < .001;speakingt(177)=
1.95,p = .05] andadolescentflistening:t(186)= 2.79,p = .006 speakingi(186)=

3.17,p=.002].
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Figure 2.15: The proportion of time spent fixating each Aol in each condition and age group. Theholetsaw data points, a
horizontal line reflecting theondition mean, and a rectangle representing the Bayesian highest density interval.
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2.3.5.2. Posters

Fixations to the three posters were analysed using a 3 x 2 x 3 mixed design ANOVA,
crossing the betweesubjects factoAge Group (adlescentys.young adults/s.older
adults) with the withirsubjects factors Conditiqispeakingvs.listening) and Aol (shared

gazevs.averted gazes.neutral). Full statistical effects are reported in Table 2.13.

Table 213: Statistical effects for fixations to the posters in the face to face conversation task.
Asterisks show significance of effects, whene ¢ .05; ** p < .01; *** p < .001.

df F P dp?

Age Group (2,265) 4.73 .01* .03
Condition (1,265) 47.60 < .001*** A5

Aol (2,530) 6.28 .002** .02
Age Group x Condition (2, 265) .52 .59 <.01
Age Group x Aol (4, 530) .98 42 <.01
Condition x Aol (2, 530) .07 .93 <.01
Age Group x Condition x Aol (4, 530) 1.88 A1 <.01

Results revealed a main effect of Asthowing that overall, participants distributed
their attention differently between the three posters. Fellpwanalyses showed that
participants spent a greater proportion of time fixating the neutral §dster03) compared
to both the averted gaze postier= .02, t(267)= 2.59,p = .01,and the shared gaze poder
=.02;1(267)= 2.80,p = .005).Thus,contraryto our hypothesisparticipants preferentially
attended to posters that depicted4sogial scaes compared to social scenes. The main
effect of Condition confirmed that participants looked longer at the posters while speaking
(M = .03) compared to listening(= .01). Finally, the main effect @&fge group was
significant,showing that young adulspent less time looking at the postévs<.015)
compared to both older adu(td =.024;t(177)= 2.19,p = .03)andadolescentéM = .03;

t(186)=3.11,p =.002).Noneof theinteractionsweresignificant.
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2.3.6 Navigating an environment

The final sample in this task was 271 participants (89 adolescents, 101 young adults, 81 older
adults); six participants were excluded due to insufficientteaeking data and seven

participants were excluded due to technical issues. Fixations wereegha$sg 3 x 4 mixed
design ANOVA, crossing the betwesnbjects factoAge group (adolesceniss.young
adultsvs.older adults) with the withisubjects factoAol (mapvs.objectsvs. pathvs.

people). Full statistical effects are reported in Table®2.14

Table 214: Statistical effects for fixations in the navigation task. Asterisks show significance
of effects, where p < .05; *** p < .001.

df F p dp?
Age Group (2, 268) .01 1 <.01
Aol (3, 804) 1494.41 < .001*** .85

Age Group x Aol (6, 804) 3.01 .006** .02

3 Note that the main effect of Grouprist meaningfuln this analysis because proportions of fixations
for each participant summed to 1.
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Results revealed a main effect of ABbllow-up analyses compared the proportion of
fixations on social (i.e. People) vs rewcial stimuli (i.e. Path, Objects and Map).
Participants looked less at peopleheir environmentNl = .05) compared to any of the other
AOls: path(M = .65;1t(270)= 68.88,p < .001),0bjects(M = .11;t(270)=12.15,p < .001),
map(M =.19;1(270)=15.61,p < .001).

The interactiorAge group x Aol was significant&nd in linewith our preregistered
analysis plan we conducted foumhBy ANOVAS, testing for dferences between the three
age groups, separately for each Aol. These analyses showed that fixations to people were
modulated by Age grou(2, 268) = 5.67p = .004,dy> = .04, agyoung adultspent more
time looking atpeople M = .06) compared to both older adulis = .04,t(180)=2.80,p =
.006)andadolescentéM = .04,t(188)= 2.85,p = .005).Age groupalsomodulatedhetime
spentfixating themap,F(2, 268) = 4.40p = .01,dy?>= .03, agyoung adultspent less time
looking at themap M = .17) compared to older adu(td = .22,t(180)= 2.99,p = .003),but
did not differ comparedo adolescentéM =.19,t(188)= 1.53,p = .13). Theeffectof Age

groupwasnot significantfor any of the otherAOls (ps > .05).

83



1 (]
)
° °
0.9 — t -]
8
0.8 ) g
L]
0.7
]
E °
é 0.6 — e@ ° ®
< 05 g e
) 2 ° 3 ®
5 ° e s
£ ° e : % 8 °
9 04 o °
= o ® 2 ° °
[ 1 o
0.3 °
[ ] L] !
0.2
0.1
0 —
I I I | | I I | | I I I
Group Adolescents  Young  Old Adolescents  Young old Adolescents  Young Old Adolescents  Young old
Aol Map Path People Objects

Figure 2.17: Theproportionof time spentfixating eachAol in eachagegroup.The plotsshowraw datapoints,a horizontalline reflectingthe
conditionmean,andarectanglaepresentinghe Bayesiarhighestdensityinterval.

84



2.4.Discussion

All the basic effects of saal cognition found in previous papers were replicated
here, thus this discussion section will focus on age differences.

Overall, the results support tgeneral hypothesis that social cognition
abilities are enhanced among young adults compared to both adolescents and older
adults, with four out of the six tasks eliciting some evidence for this claim. This
provides strong evidence that agéated developents and declines in social
cognition are not taskpecific, and are therefore likely to represent broader changes
in mentalizing ability. Interestingly, the pattern of results in the other two tasks
suggested that older adults mightrberesensitvetob her s 6 ment al st at
compared to young adults and adolescents (i.e. higher likelihood of making social
i nferences and | arger empathic brain res|
reinforces the importance of assessing multiplecrbponents of ToMrad
highlights differences in processing different domains. In addition, when response
times were measured, older adults tended to be slower than either the young and
adolescent groups, thus reflecting existing evidence for cognitive slowing in older
age {erhaeghen, 20}1

Results from theocialinferencegsaskshowedhatthelikelihood andspeed
of makingmentalstateinferencedollows a comparabléierarchyacrosghelifespan
(replicatingMalle & Hollbrook,2012).All agegroupsshoweda relativelyhigh
likelihood of detectingmentalstatesn thevideos(~78%of thetime), which
demonstratethe humanpropensityto mentalizewith otherpeople.Inferences about
intentions and desires were the most likely and faster to be detected, which suggests

they mght be activated automatical@nd reflect more basic aspects of social
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understanding. In contrasinderstandindgpeliefsrequiresmoreeffort, andall age
groupswerelesslikely andslowerto makebeliefinferencespossibly because
inferring someonesle 6s bel i efs involves an adjustm
(Apperly, et al., 2008; Epley, et al., 2004a). Personality traits were the least likely
and slowest to detect across all age groups. This is in line with previous studies that
have shown personalitgferences are harder to detect in lab settings compared to
natural contexts, in which people are able to collect more information to draw
personality traits (Buss & Craik, 1983; Wright & Mischel, 1987). In terms of aging,
we found a linear effect whereltye likelihood of detecting social inferences
increased from adolescence to young adulthood and older adulthood fimtiegss
contrastwith previousstudieshathaveshownimpairedmentalstatedetectionin
olderadults(Bailey & Henry,2008;Henry, etal.,2013;Cavallini,etal., 2013),or
thatadolescents perform better than young adults (Fossati, et al., B048)
importantto note,however thatin our studytherewereno corrector incorrect
answersandthereforeour resultsmightindicatetheinability of olderpeopleto
discriminate scenarios that involve mental states from those that do not require them,
as found in Cavallini et al. (2013Fesultsfrom olderadultsmight thereforereveal
anoveruse of causeffect inferences rather than emted social inference
performance.

Results in the VSPT task provided some evidence forelgeed changes in
perspectivaaking. Overall effects replicated previous work in showing a key role
for the type of perspectiviaking (i.e. level vs.level 2)rather than the content (i.e.
visualvs.spatial) that determined perspectieding success; reaction times showed
a steeper increase as angle increased for level 2 than level 1 judgements (Surtees et

al., 2013a). Importantly, age modulated this inteoadbetween level and angle.

86



Young adults showed steeper increments in reaction times with increasing angles
when making level 2 judgements about how the avatar could see the cube/number;
level 1 judgements did not differ with agehese results are line with the proposal
that level 2 judgements are more demanding of cognitive resources (Apperly &
Butterfill, 2009), but also offer some evidence that not all perspetztiieg is
cognitively effortful and subject to an agelated development/decline in
adolescence/older age. Specifically, level 1 judgements atimaithe avatar could

see were unaffected by age, which suggests that they might be activated
automatically.

Results from the Director task showed that participants were less accurate in
the listener only than the shared view condition, confirming that participants of all
ages experienced egocentric bias when t al
al., 20@ta). Importantly, young adults outperformed both adolescents and older
adults in the listener only condition, and only older adults showed a delay in
responding in the listener only than shared view condition. This pattern supports our
prediction for an ebended period of social cognitive development in adolescence
and a decline in older age (Blakemore & Choudhury 200@nontheil et al., 2010;
Mattan, et al., 2017}However, has previously mentionedmpared to previous
literature, our study has adoptedharter version of this task with a reduced number
of target trials thus this could have affected the performance.

Moreover previous studies have revealed a ceiling performance when
analysing accuracy in this particular t4Elerguson & Cane 2017)

I n the empathy for othersé pain task,
pain effect (pairvs.no-pain images) amongpung and older adults compared to

adolescents. In addition, physical pain was rated higher than social pain across all
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three age groups. Analysis of mu suppression in the EEG reygalaer alpha and
beta suppression for pictures that depicted painnbgrain, as expected (Chen, et
al., 2012; Perry, et al., 2010; Yang, et al., 2009). More importantly, mu (alpha and
beta) suppression in response to type of pain differed between the three age groups.
In the alpha range, mu suppression to pain imagegeaser in the young and older
adultscompared t@dolescents, and in the beta range mu suppression to pain images
was greater among older aduttsmpared to bothdolescents and young adults.
These findings are consistent with the proposal that empadiy fetworks
continue to develop through childhood (Decety, 2010) and adolescence (Levy &
Feldman, 2017Decety & Michalska, 201)) thenremain stable or increase though
adulthood and older agBé€adle & De La Vega, 2019l is also important to
consider that the age patterns seen here might reflect the use of adult actors in the
images, which enhanced social closeness for our adult participants (Gutsell &
Inzlicht, 2010). Finally, while global differences in mu suppression emerged
between physidand social stimuli, this never interacted with the type of pain,
which suggests that although behavioural responses distinguished different
intensities for physical and social pain, neural activity did not.

In the faceto-face conversation task, we ragalted the basic effects from
Freeth et al. (2013) by showing that overall, participants preferentially attended to
soci al content in the environment (i . e.
modulated by phase of the conversation (i.e. more looks ®h@ er i ment er 6 s
while listening, and more looks to the background while speaking). More
importantly,adolescents and older adults made fewer fixations towards their social
partner compared to young adults, and in turn spent more time fixating the

baclground compared to young adults. In addition, our incidental measure of social
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attention showed thgbung adults spent less time looking at the background posters
compared to bothdolescentandolder adultsbutthatoverallparticipants made

more fixatons to the poster depicting a neacial scene compared to either of the
posters depicting social scenes (i.e. people with averted or shared gaze). In the
navigation task we replicated the basic effects from Foulsham et al. (2011), showing
that overall peicipants made more fixatiorm nonrsocial conten(i.e. objects, map,
path)than social content (i.e. people) in the environment. More importantly,
adolescents and older adultisde fewer fixations towargeople compared to

young adults, and insteadesyt more time looking at the map. Thus, across both

tasks we showed evidence that social attention is enhanced among young adults
compared to both adolescents and older adults. The reduced social attention seen
among adolescents and older adults in batkstauggests that they experienced
greater difficulty managing the cognitive effort of maintaining the conversation or
routefinding compared to young adults (e.g. Barzy, et al., 2020; Doser¢gidon,

et al., 2002; Dohertgneddon & Phelps, 2005; Glenbeeg al., 1998). Taken

together, the finding that realorld social attention peaked in young adulthood is
consistent with lafibased studies that have observed an extended period of
development through adolescence and an @derdecline in ToM abilitiege.g.
Blakemore, 2008; Bradford, et al., 2020; Brunsdon, et al., 2019; Henry, et al., 2013;
Moran, 2013; Phillips, et al., 2002). Given that detecting social information in our
environment and maintaining attention on it is an essential first step towards
inferring other peopleds ment al states,
mechanism to successful social interaction, and therefore diminished social attention
is likely to be a primary source of the impaired ToM seen in adolescents and older

adults compared to young adults.

89

\



2.5.Conclusions

To conclude, across six tasks that measured distinat@uponents of social
cognition we found evidence that social cognition changes with advancing age.
Interestingly, our results suggest a distinction betweercsaiponents of social
cognition that areognitively demanding and therefore subject to a decline in older
age (i.e. level 2 perspectiaking, reference assignment, social attention) and others
that are relativelautomatic and cognitively efficiefite. social inferencing, level 1
perspectie-t aki ng, empathy for othersdé pain) art
the | ifespan. The results therefore are |
two-systems account for ToM.
It has been hypothesised that age differences in ToM abilitieslated to a
general impairment in cognitive abilities (Henry, et al., 2013; Moran, 2013).
general, limited cognitive resources could explain that inhibiting the default self
perspective is more demanding, as well as distribute the attention on souidl st
Overall performance at EFs seems to be a good predictor for successful ToM
(Apperly, et al., 2009), therefors anentioned in Chapter 1, previous investigations
have been conducted to explore whether we can enhance social cognition through
cognitivetraining.
With this in mind, we developed and validated a cognitive training protocol
that was designed to enhance cognitive abilities but has the potential to improve
social cognition. In the next Chapter | will present this adaptive cognitive training

protocol, testing whether transfers within the cognitive domain are limited to the
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trainedEF, as largely found from previous literature, or whether improvements

generalize to other cognitive abilities.

CHAPTER 3: TRAINING EXECUTIVE FUNCTIONS USING A 21-DAY

ADAPTIVE PROCEDURE AND ACTIVE CONTROL GROUP

This complete chapter has been submitted for publication:
De Lillo, M., Brunsdon, V., Bradford, E., Gasking., & Ferguson, H. J. (under
review). Training executive functions using a-day adaptive procedure and

active control groupQuarterly Journal of Experimental Psycholagy
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3.1.Abstract

The degree to which executive function (EF) abilities (including working memory
(WM), inhibitory control (IC), and cognitive flexibility (CFpan be enhanced

through training is an important question, however research in this area is
inconsistent. Previous cognitive training studies largely agree that training leads to
improvements in the trained task, but the generalizability of this improvamen

other related tasks remains controversrathis paper, we present a gegistered
experiment that used a O0gol wwexamimendar do
whether EFs can be enhanced through cognitive training, and directly compared the
efficacy and generalisability across stdmponents of EF using training programs

that target WM, IC or CKs.an active control grougParticipantsif=160) first

completed a battery of tasks that assessed EFs, then were randomly assigned to one
of four training groups, and completed a@4y adaptive procedure that targeted a
specific subcomponent of EF (or was comparatively engaging and challenging, but
did not tain a specific EF). At pogest, participants returned to the lab to repeat

the battery of EF tasks. Results reveatsulst direct training effects (i.e. on

trained task), but limited evidence to support near (i.e. same EF, different task) and
far (i.e.different EF and task) transfer effects. Where indirect training benefits
emerged, the effects were more readily attributable to the overlapping
training/assessment task routines, rather than more general enhancements to the

underlying cognitive processes neural circuits.

Keywords: Executive functions; working memory; inhibitory control; cognitive

flexibility; cognitive training; transfer effects
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3.2.Introduction

Executive functions (EFs) is a commonly

of processes that are responsible for higbeel action control (e.g. planning,
inhibition, coordination and control of behaviours), and are necessary to maintain
specific gpals and resist distraction from alternatives. As such, EFs form the basis
of our cognitive functioning (Diamond, 2013; Miyake, et al., 2000). In this paper
we focus on three sutbmponents of executive functioning (inhibitory control,
working memory, andognitive flexibility) thatcontribute differentially to
performance on complex executive tasks (Miyake, et al., 26@d)evaluate
whether these EF abilities can be enhanced througkday2fraining procedure.
Inhibitory control (IC) refers to the altii to inhibit a dominant response in order to
focus ona more appropriate respongarking memory (WM) is the ability to
retain information for a brief period of time in order to perform mental operations;
and cognitive flexibility (CF) is the ability tehift between different tasks or mental
sets, and thus allows us to adapt behaviours to changes in the environment.
EFs have a protracted period of development, which begins in early
childhood (~2 years old) and continues into young adulthood, with eaeh su
component of EF developing at its own rate (Diamond, 2002). For example, WM
and planning have been shown to develop throughout childhood and into
adolescence or early adulthood (e.g. Bisted@l.,2001; Gathercole, et al., 2004),
whereas CF and IC atleought to reach adulike levels by age 12 (e.g. Crone, et
al., 2006; Van den Wildenberg & Van der Molen, 2004). Neuroimaging findings
support these distinct components of EF, and show that differentigeeted
behaviours are subserved by distinctaref the brain (e.g. Narayanan, et al., 2005;

Crone, et al., 2006). Various clinical and nedegenerative conditions lead to
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impairments in EFs (e.g. Orellanaachevsky, 20135chmitt, et al.2018;

Stopford, et al., 2012), and even healthy ageimg$ociated with cognitive decline,
which leads to general deficits in processing speed as well as specific impairments
in EF, including WM (Braver & West, 2011), IC (Maylor, et al., 2011), and CF
(Greenwood, 2007). Indeed, even when EFs are at theirtbead exists a great

deal of individual variation in performance (Carroll & Maxwell, 1979).
Understanding the conditions under which cognitive capacities function optimally,
and how they relate to each other, is an important question.

Over the last decad# so, researchers have attempted to explore the degree
to which EFs can be trained. Three main intervention approaches have been
developed to improve cognitive functioning: i. strategy training, based on learning
strategies to solve a task or functioreireryday life (i.e. mnemonic strategies to
enhance memory; Derwinger, et al., 2003); ii. multimodal training, considered as a
more complex set of strategies that can, for example, involve physical activity and
cognitive rehabilitation (Bherer, et al., Z)Xee also Levine, et al., 2007); and iii.
process training, which is centred on training a specific cognitive function (e.g.
WM, processing speed). The cognitive training interventions tested here fall into
this latter category.

The potential benefitsf cognitive training have been linked to the concept
of neuroplasticity. That is, through practice the brain reshapes its organization,
creating new neural connections, or strengthening existing ones, which leads to
reinforcement of the trained cognitiecapacity and/or related abilities that were not
trained directly (e.g. Ballesteros, et al., 2018; Han, et al., 2018; Jolles, et al., 2013;
Kraft, 2012). Cognitive training is therefore based on the underlying principle that

training on a specific task lesdo improvements across the trained cognitive
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domain, and that this improvement might also extend to other related cognitive
domains that were not trainethreedifferent classes of training effects have been
identified (Carroll, 1993)Direct effects describe an improvement in performance
on the trained measunmeeartransfereffects describe enhanced performance on a
different measure of the trained construct (e.g. training and assessing WM using
different tasks), anthr transfer effects desibe enhanced performance on a
different construct (e.g. training WM and assessing IC). In order to obtain a
transfer, it seems necessary that the trained task and the transfer task involve the
same processes. Therefore, transfers are expected wheis thexdap between the
underlying processes involved in the different tasks (Dahlin, et al., 2008; Lustig, et
al., 2009; Buschkuehl, et al., 2012).

To date, findings on whether EF abilities can be improved through training
have been mixed (see Diamond &g, 2016, and Simons et al., 2016, for a
review). On one hand, positive effects of direct training seem to be relatively
uncontroversial, with research consistently showing that performance on a specific
EF task improves with repeated practice (MgKendrick, et al., 2011 On the
other hand, the degree to which training effects transfer to untrained tasks or
domains remains inconclusive. Some studies have reported near transfer effects
within an EF domain (e.g. Karbach & Kray, 2009; Sandberg, et dl4; 28einzel
et al., 2016), and others have shown far transfer effects between EF domains (e.g.
Borella, et al., 2010; Dowsett & Livesey, 2000; Karbach & Kray, 2009; Salminen,
et al.,2012), however many studies have reported no transfer effects at.all (e.g
Blacker,et al.,2017; Holmes, et al., 2019; Meklhervag, et al., 2016; Owen, et al.,
2010; Redick, et al., 2013). In fact, while one recent ragtdysis found small but

significant improvements in fluid intelligence following WM training (Au, et al.,
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2015), two others have concluded that near transfer effects following training are
weak and shotlived, and do not generalize across the-soimponents of EF
(Melby-Lervag & Hulme, 2013; Simons, et al., 2016). Even more curiously,
positive effects of cogtive training have been attributed by some researchers to
placebo effects, where overtly advertising a study as examining the benefits of
cognitive training biases participantso
relative to participants who were raied using norsuggestive advertising
(Foroughi, et al., 2016). It is notable that the majority of research in this area so far
has focused on outcomes following training in a single domain of EF, usually
focusing on WM due to the rapid decline seerhis ability in older age (e.g.
Heinzel, et al., 2014; Jaegqi, et al., 2010; Owen, et al., 2010; Redick, et al., 2013;
Richmond, et al., 2011). Much less research has tested outcomes following training
in other domains of EF, including IC and CF (Berkmadmle 2014; Enge, et al.,
2014; Karback & Kray, 2009; Thorell, et al., 2009), and studies very rarely
compare training effects directly between different domains of EF.

One controversial aspect of research on cognitive training is the variability
in methalology used across studies, which has limited definitive conclusions on the
efficacy of EF training. These concerns have prompted leading researchers to make
clear recommendations on the optimal approaches for EF training programs
(Simons, et al., 2016; Bmond & Ling, 201k First, it is important to assess
baseline cognitive abilities before the training intervention (as well as after) so that
the causal effects of training can be accurately quantified, and baseline differences
between groups can be casiked. Second, training programs should include an
active control group for comparison with the experimental group(s). Early studies

in this area tended to use a passive control group, whose only contact with the
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experimenters was during the pead postassessment sessions (e.g. Li, et al.,

2010; Chein & Morrison, 2010; Salminen, et al., 2012), or engaged control
participants in an activity that didnot
experimental group (e.g. watching a film, playing videogames; Bustihket al.,

2008; Borella, et al., 2010). Including an active control group allows researchers to
rule out social or motivational factors that might elicit differences in performance
between groups. Third, it is recommended to use adaptive trainingpregvhere

task difficulty increases as performance improves, since this challenges each
participant to their own limits. Numerous studies have found superior training
effects when task difficulty was adaptive.non-adaptive (e.g. Enge, et al., 2014;
Lovdén, et al., 2010; Brehmer, et al., 2016; Klingberg, et al., 2002; Brehemer, et al.,
2012; but also seéon Bastian & Eschen, 201&ourth, it seems clear that EF

gains depend on the duration and frequency of the training; more training leads to
better EF outcomes, but each training session should be relatively short (Au, et al.,
2015; Jaegqi, et al., 2008). Lastly, studies shouldideclarge samples of

participants who are randomly assigned to control/experimental groups, and have
comparable expectations for improvement across groups.

In this paper, we presentapree gi st ered experiment tha
st a n d aayddaptiZehining procedurto examine whether EFs can be
enhanced through cognitive training, and for the first time directly compared the
efficacy and generalisability across sttmponents of EF of training programs that
target WM, IC or CFRvs.an active controligup. Specifically, we compared
performance on a battery of EF assessments before and after training to test for
direct training effects (i.e. improvement on the trained task), near transfer effects

(i.e. improvement on a different task that measuresaime £onstruct), and far
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transfer effects (i.e. improvement on a different task that measures a different
construct). We specifically chose assessment tasks that differed in both paradigm
and stimuli from the training task in each stdmponent of EF, to sare that any
indirect training effects could not be attributed to shared strategies or response
requirements between tasks. Training consisted of ten sessions over 21 days,
completed at home through an online platform, with each training session lasting
~15 minutes (based on Enge, et al., 2014; Zinke, et al., 2014). Importantly, we used
an active control group, in which participants completed a comparatively engaging
and challenging task (an adaptive version of the lexical decision task) for the same
duraton as the EF training groups, and were blind to the different groups being
tested. We tested a large sampkel©0 participants; 40 in each training group),
and randomly assigned each participant to one of the four training groups.

Based on previous remeh summarised in Simons et al. (2016), we
predicted that direct training effects would be apparent in all four training groups,
i.e. performance on the trained task would improve fromtprposttraining. We
also expected to observe small effects @frieansfer in the three EF training
groups, i.e. performance in the tasks that measured the same construct as the trained
EF would improve from preo posttraining. Finally, we tested whether training
would lead to far transfer effects in the three Elntng groups, i.e. performance in
the tasks that measured a different cognitive construct to the trained EF would
improve from preto posttraining. We did not expect to find any far transfer
training benefits in the control group, i.e. no improvemenaiay of the EF tasks

from pre to posttraining.
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3.3.Methods

All methodological procedures were gegisterecn the Open Scierd-ramework

(OSF) web pageéhttps://osf.io/whxvt).

3.3.1. Participants

A total of 299 participants, aged betweenr3Byears old, were recruited from the
student population at the University of Kent, U.K. Of this total sample, 37
participants were excluded because they did not complete the online training
sessions appropridye(i.e. undertraining less than nine sessions completed, or
overtraining 12 or more sessions completed), 78 participants did not return to
complete the podtaining assessments, 16 participants were excluded as they were
not native English speakeemd a further eight participants were excluded due to
technical problems saving data. All participants were native English speakers, had
normal or correctetb-normal vision, had no known neurological disorders, and

had no mental health or autism spectdisorder diagnoses. Participants were
randomly assigned to one of four training groups, with the final sample 460
equally split between the four training groups (see Table 3.1 for demographic
details per group)xonsistent with our preegistered taget sample sizeThe target
sample oh = 160, 40 per group, was chosepr#ri based on similar research (e.g.
Enge, et al., 2014, Zinke, et al., 2014), and a-postpower calculation showed

that this sample yieldeah estimated power of 87% with thignificance level of
U=.05 on 80% of occasi ons P(aarst iscuigpgaensttsedd cl
was obtained according to the Declaration of Helsinki, and the Ethical Committee

of the School of Psychology, University of Kent, approved the study.
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Table 31: Participant demographics for each training group.

Mean age M:F

Training group n (SD) ratio
Inhibitory control 40 19.6 (3.9) 7:33
Working memory 40 20.2 (3.4) 7:33
Cognitive flexibility 40 19.2 (2.3) 3:37
Control group 40 19.3 (2.0) 5:35

3.3.2. Materials

3.3.2.1. Preand postassessment tasks
All participants completed three assessment tasks in the lab during-tlaagre
posttraining sessions.

OperationSpan(OSpan; Conway et al., 2005). This task was used to
measure working memory (WM). Participants were asked to remember a sequence
of letters that appeared one at a time on the computer séiddnJ, K, L, N, PQ,

R, S, T, and Y). Between each letter, there was a distractor task (an arithmetical
problem to solve). Participants were asked to recall the letters in the correct order at
the end of each triatlicking a box next to the appropriate letter(s) preseime

4x3 matrix A number appeared in the clicked box to indicate the order, and after
completing the sequence of letters, participants received feedback on the correct
number of the letters recalled. In cases where participants were not able to recall
one or more letters, they were instructed to click on a blank box. Before the main
task, participantg&amiliarised themselves with the task through three practice

blocks. The first block presented single letters in the middle of the screen for 800
ms, and prticipants had to memorize sequences of two or three letters. The second
practice block required participants to solve some maths equations (e.g., (2x 1) +1

= 3), by indicating whether the answer was correct or incorrect as quickly and
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accurately as patble. In the last practice block, participants completed both the
letter recall and maths tasks together. First, the maths equation was presented,
followed by a letter appeared in the middle of the screen for 800ms; this sequence
was repeated twice to @te twoletter span trials, then the letter recall screen with

the 4x3 letter matrix was presented. Participants completed three full practice trials,
and were given feedback on how many letters they recalled correctly and how many
errors they made on tmeaths problems. After completing the practice blocks, they
started the experimental block which consisted of three trials for each of 2 to 7

letter spans (in a randomised order for each participant). This created a total of 18
trials with 81 maths problenand 81 letters. Participants were encouraged to keep
their maths accuracy at or above 85% at all times. During recall, a percentage in red
was presented in the upper rigtand corner of the screen, indicating the

percentage accuracy for the maths prolsleiie dependent variable for this task

was thePartial Ospan Scorecalculated as the total number of letters correctly
recalled, regardless of order.

Stroop TaskStroop, 1935). This task was used as a measure of inhibitory
control (IC). Participants were shown a series of words on the screen in one of four
colours: RED, BLUE, GREEN and YELLOW. Colour words (e.g., BLUE) were
presented in either a consistent ominsistent colour (i.e., the word BLUE shown
in blue/red ink, respectively). Neutradords were also presented (e.g., CAT printed
in green ink) to provide a baseline of colour naming without lexical interference.
Participants were instructed to respond @iskdy and accurately as possible to the
ink colour of the words, ignoring the meaning, using a keybdarak. coloured
stickers indicated the four different colour responses: RED, BLUE, GREEN and

YELLOW. Once the word appeared on the screen, particigants their response
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and the next trial started immediateffter completing goractice block of 20 trials
(10 neutral and 10 congruent), participants completed the experimental block which
consisted of 50 congruent trials, 50 incongruent trials, and @oahérials. Words
were presented in a pseddmdomised order, in which the same colour word, the
same printed ink colour, or the same colour word/ink colour combination could not
appear on two consecutive trials to avoid priming effects. We measuntgad@cc
and reaction times for neutral, congruent and incongruent trials. For analysis, we
calculated &troop Effecscore for correct responses only; responses times were
first transformed to-scores, and the Stroop Effect was calculated by subtracting
the mean RT for Congruent trials from the mean RT for Incongruent trials.
Wisconsin Card Sorting TaskWCST; Grant & Berg, 1948Miyake et
al., 2000. This task was used to measure cognitive flexibility (CF). Participants
were asked to sort cardscordng to one of three classification rules: coléned,
blue, yellow, or green), shape (crosses, circles, triangles, or stars), or number of
symbols (one, two, three, or fouA series of four cards appeared on the top of the
screen which differed in coloushape, or number of symbols, and one card
appeared at the centre bottom. Participants had to figure out which of the three
possible sorting rules to adopt according to the feedback that they received after
choosing a card. Participants were told thatstimting rule would change
throughout the task. There was no practice block, and the experimental block
consisted of 128 cards. After clicking on a card, feedback was displayed on the
screen stating whether the card had been sorted correctly or incorfantiprrect
feedback was received, participants had to switch to a different rule until they

received correct feedbackfter ten consecutive correct trials, the rule changed.



Thedependent variable was the total numberavépverative errorslefinedas the

number of times in which participants persisted with an incorrect sorting rule.

3.3.2.2. Training tasks

Participants were randomly assigned to one of four groups, three that trained a
specific component of EF (WM, IC, or CF), and an actiertrol group (lexical
decision task, LD). The training tasks were designed to be adaptiat task

di fficulty increased/ decreased based
accuracy was monitored f or cceracgdnthhtl oc k
block equalled or exceeded 90% the task moved up to the next level of difficulty,
and if accuracy equalled or fell below 75% the task returned to the previous level of
difficulty. When accuracy on a block fell between 76% and 89% partisipan
repeated the same level. Details of the levels of difficulty used for each of the
training tasks are provided beloRarticipants received feedback on their accuracy
at the end of each block. Practice blocks were excluded for training sessions
completedat home. Training tasks were completed onliech training session

lasted approximately 15 minutes.

N-back task(Cohen, 1993). WM training adopted a visual version ofithe
back task. A series of letters appearedloytene in the centre of the screen
500ms), and participantsdé task was to
presented was the same as the one presertieds before. No response was
required if the letter did not match. There were six differebacklevels: 1, 2-, 3-,

4-, 5, and 6back (e.g., in the-Back condition, participants should respond if the
current letter is the same as the letter presented two trials before). Participants first

completed three practice blocks with 2- and 3back, then completed a further 15
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blocks in the lab task or 21 blocks in the online task. Each block incR@iiedls,
with a fixed ratio of target/notarget trials of 6/14. Task difficulty increased over
15 levels by manipulating threbacklevels(between 2and 6back)andISI
(1800ms,1600ms, and 1400ms3s shown in Table 3. 2. The dependent variables
for this task were average level and accuracy, calculated as the propoHits of
(i.e., correctly identifying a target as a target) miRakse Alarmgi.e., incorrectly

classifying anontarget as a target).

Table 32: Difficulty levels used in th@-back (WM) training task

Level n-back ISI (ms)
1 2 back 1800
2 2 back 1600
3 2 back 1400
4 3 back 1800
5 3 back 1600
6 3 back 1400
7 4 back 1800
8 4 back 1600
9 4 back 1400
10 5 back 1800
11 5 back 1600
12 5 back 1400
13 6 back 1800
14 6 back 1600
15 6 back 1400

Stop SignalFlanker task(Logan, 1994). IC training adapted the Stop

Signal Task (SST) used in Berkman, Kahn, and Merchant (2014). Participants were
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presented with a black arrow in the centre of the computer screen, pointing left or
right. Parti ci pant aightiareow key om¢éhe keyboardppor e s st |
indicate the direction of this central arrow. However, on 25% of trials, the arrow
turned red, after a variable stop signal delay (SSD). Participants were instructed to
withhold their response on these tridlbe tak involved three short practice

blocks, followed by nine blocks of experimental trials. Each block included 44
trials, with an equal ratio of left/right facing arrows. Task difficulty increased over
eight levels by manipulating the presence and featurigasnider stimuli and the

length of the SSD (5@50ms, and 36800ms) as shown in Table 3. 3. When

flanker stimuli were present (levels33, two additional arrows were placed either side
of the central target arrow, and could either face the same dirastibe central

arrow (levels 3 and 4), or faced in a different direction to the central arrow (levels 5
8). On levels 3, these flanker stimuli could either be black or red, and did not change
colour during the trial. Participants were instructed toligrihese distractor arrows

and only respond to the direction and colour of the central arrow. An additional rule
was added for the final two levels, as the arrows could appear in black, red or blue ink,
and participants were instructed to withhold a raspanly for red colour changes to

the central arrow (ignoring flanker arrows, and responding to blue colour changes to
the central arrow)Thus, this task assessed two inhibitory control processes: the
ability to withhold a response, and the ability tnage competing stimuli (that may
conflict with the target)The dependent variables for this task were average level
and accuracy, calculated as the proportioHits (i.e., correctly identifying a
black/blue arrow as a target) minkalse Alarmgi.e., incorrectly classifying a red

arrow as a target).
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Table 3.3: Difficulty levels used in th&top SignalFlanker (IC)training task.

Level Trial Type SSD (ms) Example stimuli

1 Single arrow 50-250 ‘ ‘
2 Singlearrow 300500 ‘ ‘

3 Flanker. arrqws 50.250
(same direction)

. Flanker arrows 300-500
(same direction)

Flanker arrows
. ) ) 2
S (differentdirection) 50-250

Flanker arrows
° (differentdirection) 300-500

Flanker arrowgdifferent

7 direction, additional 50-250
colour)
Flanker arrows (different
8 direction, additional 300500
colour)

Task Switching(Rogers & Mansell, 1995 ognitive flexibility training
adapted théask switching paradigm usedBarenberg, et al. (2013 articipants
were presented with a 2x2 grid on the computer screen, and bivalent stimuli (a
circle or triangle, in blue or yellow colour) appeared-bgene in each of the four
guadr ant s. Participantsé task was to cl a:
depending on trial type, using the keyboard. The task involved a short practice

block, followed by 19 blocks of experimental trials. Each block includedi&g,

with an equal ratio of shape/colour combinations. Task difficulty increased over 12
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levels by manipulating trial type (from singi@skto mixedtask)and ISI (1250ms,
1000ms, and 800ms3s shown in Table 3. i the singletask trial type, paitipants

had to identify whether the stimuli colour was blue or yellow (levey br whether

the shape was a circle or triangle (leveB).4n the mixedtask trial type, participants

i ndicated the stimuli s s hapmas, amdteen i t
stimulidés col our when it appeared in t
categorization rule). Stimuli either appeared in a predictable clockwise manner (levels
1-9) or appeared in an unpredictable location in the grid (level1L0he dependent
variables for this taskwere average level aratcuracy, calculated as the proportion

of Hits (i.e. correctly identifying a target feature) mirfeese Alarmgi.e.

incorrectly classifying a target feature).

Table 3.4: Description of the levels in theask Switchingraining protocol.

Level Trial type presstézrrﬁ'?alltion ISI (ms)
1 Singletask (Colour) Clockwise 1250
2 Singletask (Colour) Clockwise 1000
3 Singletask (Colour) Clockwise 800
4 Singletask (Shape) Clockwise 1250
5 Singletask (Shape) Clockwise 1000
6 Singletask (Shape) Clockwise 800
7 Mixed-task Clockwise 1250
8 Mixed-task Clockwise 1000
9 Mixed-task Clockwise 800
10 Mixed-task Unpredictable 1250
11 Mixed-task Unpredictable 1000
12 Mixed-task Unpredictable 800
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Lexical decision taskMeyer& Schvaneveldt1971). For the active control
condition, we adopted a task that would be sufficiently cognitively taxing for
participants, but wouldnét train any
this task, participants used the keyboard to classifygstiof letters as a word or
nontword. A total of 3984 words were obtaineding the MRC Psycholinguistics
Database (Wilson, 1988and were categorised according to their word frequency:
High Frequency (HF), Middle High Frequency (MHF), Middle Low Freayen
(MLF) and Low Frequency (LF). 7968 navords were generated using the Wuggy
pseudoword generator (Keuleers & Brysbaerd, 20&@ining either one or two
syllables from the matched real word (e.g. comjparebband combore). The task
involved a shorpractice block, followed by nine blocks of experimental trials.
Each block included 40 trials, with an equal ratio of words anewunds, and each
word was presented for 3000ms. Task difficulty increased over eight levels by
manipulating word frequencyrém high to low frequency) and the number of
retained syllables for newords (from one to two), as shown in Table 3. 5. The
dependent variables for this taskre average level armtcuracy, calculateas the
proportion ofHits (i.e. correctly identifyig a word as a word) mindzalse Alarms

(i.e. incorrectly classifying a neword as a word)
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Table 3.5: Description of difficulty levels in théexical decisiortraining task,
where HF = high frequency, MHF = middle hifyaquency, MLF = middle low
frequency, LF = low frequency.

Level Word frequency Sj}:g}gg Example word / nonword
1 HF 1 Activity / Oupevici
2 HF 2 Activity / Aupetity
3 MHF 1 Compare / Cobbane
4 MHF 2 Compare / Combore
5 MLF 1 Expedient / Asquadent
6 MLF 2 Expedient / Ertopient
7 LF 1 Villainous / Nuttoilous
8 LF 2 Villainous / Nellailous

3.3.2.3. Motivationassessment

At the end of each online training session, participants completed a short

guestionnaire to assetsgir motivation to complete the taskhis questionnaire

wasbased on the Intrinsic Motivation Inventory (Deci & Rya@15), and
consisted of six statements (edgl enj oyed doing this acti vi
this activity h aparticipants ratecooma Likertseale jromOwh i ¢ h
(not at all true) to 7 (very true). Scoring was reverse coded where necessary to

ensure that higher scores indicated greater motivation for each statement. An

average motivation score, across all six statenamtslO online training sessions,

was calculated for each participant.
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3.3.3. Procedure

Participants first completed the-#&inute pretraining session in the lab, which
included the three assessment tasks in a randomized order (i.e., OSpan, Stroop and
WCST), followed by their assigned training task (eitidyack, Stopsignal flanker,
task switching, or lexical decision). At the end of thetpagning session, they
received instructions on the procedures to complete the online training at home.
Participants were invited to complete 10 online training sessibhome, each

lasting ~15 minutes, over the next 21 days. From the final sample, 43 participants
completed onlynine training sessions at home (IC=7; NB=17; CF =5; LD = 14),
and five participants completed 11 training sessions at home (CF = 41)D =
Training tasks were controlled through INQUISIT software

(www.millisecond.cony, and participants were sent personalized emails with a link
to the appropriate tagkvery two or three days. Following the-@ay training

period, participants returned tbe lab to complete the petsaining session, in

which they repeated the same three assessment tasks from-itaénimg session,

as well as their assigned training task.

3.4.Results
All analysis procedures were pregistered, and thiell datasets and analysis
scripts are available on the Open Science Framework web pages

(https://ost.io/whxvi). All statistical analyses were conducted in R version 3.6.1.

The dependent variables wers@red for ease @omparison between tasks.

4We allowed a minimum of 20 days and a maximum of 28 days betweeangre
posttraining sessiond{ = 21.4,SD=1.1).
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3.4.1. Direct training effects

To test our first hypothesis of performance improvements in all trained tasks when
comparing preand postraining sessions, we conducted two mixed ANOVAs (one
for accuracy and one for level) ossing the withirsubjects variable Time (pres
posttraining) with the betweesubjects variable Training group (Wi.1C vs.CF
vs.LD). Each dependent variable wasaored over preand postraining

separately for each Training groupatafor accuracyandlevel areplotted,

separatelyor eachtraininggroupandpre-/posttraining sessionin Figure3. 1.

Data from each of the 1tPaining sessions in each training group is provided in the

Appendix E for illustration.

3.4.1.1. Accuracy

Results revealed a significant main effect of T, 312) = 26.45p < .001,d,?
= .09, reflecting improved overall performance from-pogosttraining
Moreover theinteractionbetweenlime and Training groupwassignificant,F(3,
312) = 8.04p < .001,d,? = .08,suggestinghattraining effectsdiffered betweerthe
four groupsfrom pre- to posttraining To examine this interaction further, and
following the preregistered analysis, followp ttests were conducted on pre
trainingvs. posttraining outcomes sepaely for each groug?osthoc tests showed
that accuracy improved significantly frgone- to posttrainingin theWM, t(39) =
7.16,p <.001,andCF,t(39) = 8.25,p < .001,training groups, but did not improve
significantly frompre- to posttrainingin thelC, t(39)=.03,p =.97, or LD control

groupst(39)=.42,p=.67.
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3.4.1.2. Level

Results revealed a significant main effect of Tifg, 312) = 120.72p < .001,d,?
= .28, reflecting improved overall performance from-poeposttraining
Moreover theinteractionbetweerlime and Training groupwassignificant,F(3,
312) = 4.73p = .003,d,° = .04,suggestinghattraining effectsdiffered betweerthe
four groupsfrom pre- to posttraining. To examine this interaction further, and
following the preregistered analysis, followp ttests were conducted on pre
training and postraining outcomes sepaely for each group. Pekbc tests
showed that the average of level difficulty improved significantly fppeato post
trainingin all four groups [IG(39)=4.73,p <.001;WM t(39)=9.74,p < .001;CF
t(39)=13.75,p <.00%; LD t(39)=2.94,p = .005], butwaslargerin thethreeEF

traininggroupscomparedo the controlgroup.
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3.4.2. Indirect training effects

A series of ANOVAs were conducted on each of the assessment tasks to examine
indirect training effects (i.e. near and far transfer), crossing the vgtlbjects

variable Time (prevs. posttraining) with the betweerubjects variable Training
group (WMvs.IC vs.CFvs.LD). Follow up ttests were conducted to examine-pre
and postraining performance in each of the assessment tasks separately for each
training group. As per our hyflteses, these analyses examined near and far
transfer effects of the trained cognitive ability. The perseverative errors for the
WCST and the congruency effect for the Stroop task were reseosed so that a
higher value indicates better performancedibassessment task3atafor each
assessmertaskareplotted,separatelyor eachtraininggroupandpre-/post

trainingsessionin Figure3. 2.
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3.4.2.1 OSpan /Working Memory

Results showed a significant effect of Tirf€3,156) = 21.36p < .001,dy>= .12,
indicating that participants were more accurate (i.e. had higher partial scores) in the
posttraining sessionM = 68.6) compared to the ptaining sessionM = 65.4).

The main effect of Training group was not signific#(8, 156) = .62p = .60,dy>
=.005,thusoverallrecallaccuracywascomparabldetweerthefour training

groups The interaction between Time and Training group was also not significant,
F(3, 156) = .91p = .442,dy> = .017 These results suggest that performance on the
OSpan improved from préo posttraining regardless of training group.

Following the preregidered analysis, follovup ttests were conducted to
compare preand postraining outcomes separately for each training group. For the
WM training group, results showed a msignificant, improvement in partial scores
from pre to posttraining,t(39) = 1.90p = .065, indicating no significant near
transfer from WM training to another measure of WM. However, OSpan patrtial
scores significantly improved from pr® posttraining in both the IC (39) =
3.83,p<.001, and CR,(39) = 2.17p = .030, training groups. This suggests that
training in IC and CF led to far transfer improvement on a measure of WM. Finally,
there was no significant difference in OSpan partial scores fromqpest
training in the LD training group(39) = 1.44p = .157, indicating no improvement

in WM in this active control group.

3.4.2.2. Stroop / Inhibitory control
Results revealed no significant effect of TirRé], 156) = .058p = .810,d,><.01,
indicating that the Stroop effect did not change from @@osttraining. There

was no significant main effect of Training grol§3,156) = .878p = .454,dy%=



.02, and no significant interaction between Time and Training gie{ip156) =

1.46 p =.227,d,°= .03 These results suggest that the Stroop effect did not change
between preand postraining sessions, and did not differ between the four training
groups.

Following the preregistered analysis, followp ttests were conducted to
compare pre and postraining outcomes separately for each training group. For the
IC training group, results showed a rgignificant, improvement in Stroop effects
from pre to posttraining,t(39) = 1.77p = .085, indicating no significant near
transfer fom IC training to another measure of IC. There were no significant
differences in Stroop effects between-@rd postraining for either the CR(39)
=.89,p= .38, or WM,t(39) = .55p = .585, training groups, indicating no far
transfer from CF or WM training to a measure of IC. Finally, there was no
significant difference in the Stroop effect from pt@ posttraining in the LD

training groupt(39) = .11,p = .915, thus IC did not iprove in this active control

group.

3.4.2.3. WCST / Cognitive Flexibility

Results revealed a significant main effect of Tifg, 156) = 5.45p = .021,dp? =
.034 indicating that participants made significantly fewer preservative qrosts
training (M = 5.04) compared to piteaining (M = 6.19). The main effect of
Training group was not significarf(3, 156) = 0.79p = .503,dy? = .029,
indicatingthatperseveratiorrrorsdid not differ betweerthefour traininggroups
and the inteaction between Time and Training group was also not signifiEéByt,

156) = 0.17p = .916,dp> = .003 Taken together, these results show that
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performance on the WCST improved from-iee posttraining regardless of
training group.

Follow-up ttests shaved a norsignificant, improvement in perseverative
errors between prand postraining for the CF training group(39) = 1.78p =
.082, indicating no significant near transfer from CF training to another measure of
CF. There was also no significanffdrence in perseverative errors between pre
and postraining for either the IC training groug{39) = 1.84p = .073, or the WM
training groupt(39) = .67 p = .504, indicating no far transfer from IC or WM
training to a measure of CF. Perseverative errors also did not differ fremo pre
posttraining in the LD training group(39) = .92,p = .364, indicating no

improvement in this measure of CF in the actigatrol group.

3.4.3. Motivation assessment

To check for group differences in motivation during the training, we conducted a
oneway ANOVA on the questionnaire ratings (averaged over the six statements
and 10 online sessions for each participant), wéiming group as the between
subjects factor. Note that data was missing for one participant (in the LD training
group), thus analyses were conducted on a final sample of 159 participants. As can
be seen in Figure 3. 3, results revealed a relatively miedersel of motivation

among participants (overadl = 3.8), and importantly there was no difference in
motivation between the training group$3,155) = .99p = .41,dy>= .02[IC M =
3.73,SD= .85, WMM = 3.88,SD=.77; CFM = 3.93,SD= .98; LDM = 3.64,SD

= .78].
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Figure 3. 3: Average selreported motivation across the 10 online sessions in each
training group.

3.5. Discussion

In this preregistered experiment, we sought to examine whether EFs can be
enhanced through cognitive training, and directly compared the efficacy and
generalisability of training programs that targeted WM, IC ov€&n active

control group. Participast(n=160) first completed a battery of tasks that assessed
EFs, then were randomly assigned to one of fi@iming groups, and completed a
21-day adaptive procedure that targeted a specifiecceutponent of EF (or was
comparatively engaging and challenging, but did not train a specific EF). At post
test, participants returned to the lab to repeat the battétl tasks. Using this
design, we were able to compare performance before and after training to examine
direct training effects (i.e. improvement on the trained task), near transfer effects
(i.e. improvement on a different task that measures the sanmteuobsand far
transfer effects (i.e. improvement on a different task that measures a different

construct) in each training group.
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In line with our predictions, all four training groups showed evidence of
direct training;performance on the trained task improved from frg@osttraining.

In the WM and CF training groups, this improvement was evident both in terms of
their accuracyrad difficulty level achieved, suggesting that repeated practice on the
training task enhanced efficiency and ability in the trained EF measure. In the IC
and active control groups, repeated practice on the SST/lexical decision task helped
participants to ehieve higher levels of difficulty (i.e. to ignore an increasing

number of competing stimuli/distinguish lower frequency words andwards

with more retained syllables), but did not improve their overall accuracy. These
effectsare consistent with preuis research, showing that practice improves
performance on the trained task, or very similar tasks that involve the same
strategies and response patteiisack, et al.2009; StineMorrow & Basak,

2011).

In contrast, evidence for near transfer betweéereint tasks that measured
the same EF was very weak, and none of the effects reached statistical significance.
These findings contrast with previous studies that have shown near transfer
improvements following WM training (Heinzel, et al., 2014, 2016ravar, et al.,
2016; Thorell, et al., 2009; Li, et al., 2010), IC training (Berkman, et al., 2014;
Enge, et al., 2014; Thorell, et al., 2009), or CF training (Karbach & Kray, 2009).
Importantly, however, our near transfer assessment tasks were speaficain
to use different paradigms and stimuli to those used in the corresponding EF
training task (i.e. WM was assessed with an OSpan task and trained witlaek
task; IC was assessed with a Stroop task and trained with a Stop Signal task; CF
was assssed with the Wisconsin card sorting task and trained with a colour/shape

switching task). This was done to isolate transfer effects on the cognitive process
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itself, and to avoidarry-over effects from shared strategies or response
requirements betweenstes In fact, training benefits in previous research are
strongest when the demands of the transfer task are highly similar to the trained
task (e.g. Brehmer, et al., 2012; Harrison, et al., 2013; Soveri, et al., 2017), and
effects are much less consisteiten transfer tasks impose different processing
demands (e.g. Blacker, et al., 2017; Gathercole, et al., 2019; Minear et al., 2016).
These observations and the finding that near transfer effects were not evident in any
of the three sultomponents of EF sted here support the view that training effects
seen in previous research most likely reflect specific features of the
trained/assessment tasks and cognitive routines learnt during training, rather than
more fundamental training benefits to the underlydagnitive ability (Gathercole,
et al., 2019)The specificity of near transfer effe¢tas been highlighted by a recent
study that systematically manipulated the paradigiimack or complex span) and
stimuli (verbal or visuespatial) used in a WM trainingrogram, and reported no
transfer effects between paradigms, even when stimuli were matched (Holmes et
al., 2019).

Similarly, evidence for far transfer between the differentsuinponents of
EF tested here was weak. WM training did not lead to any ineprents on tasks
that measured IC or CF, nor did IC training or CF training alter performance on
measures of CF or IC, respectively. Howewer, analysis revealed a significant
improvement is the IC and CF groufiggse need to be interpreted with cautioe
to the not significaninteraction Training group and Time.

Taken together, this research contributes to theoretical debates on cognitive
training and transfer effects. Transfer effects are thought to occur when the skills

learnt in one domain generalise to enhance performance in another domain, and the
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degree to Wich this transfer occurs is directly related to the extent of shared
features between the trained and untrained task (Singley & Anderson, 1989;
Woodworth & Thorndike, 1901). This process is mediated by neural plasticity, as
quantifiable changes emergetine cortical and subortical brain areas that
subserve the trained cognitive ability through practice (Dahlin, et al., 2008). These
shared features view would predict that near transfer effects are more likely and
stronger than far transfer effects, siic¢he former the trained and untrained
abilities share moreommon features (i.e. should rely on related cognitive and
neural mechanisms). More recently, researchers have emphasised the role of the
learning context, and its interaction with the contdrihe learned ability,
suggesting that transfer effects across domains depend on the success of applying
principles or strategies that are shared between the different tasks (Barnett & Ceci,
2002; Gathercole, et al., 2019). As such, transfer across a@gaitmains relies on
participants learning new skills that can be applied in similarly structured tasks. The
finding in the current experiment that indirect training benefits were more likely to
emerge following training in differentsub-component of EKi.e. far transfer) than
thesamesub-component of EF (i.e. near transfer) goes against traditional shared
features accounts of transfer, and instead suggests that transfer effects are mediated
by cognitive routines learned during training and shared tivghransfer task.
Further research is needed to test how far training effects can transfer when shared
cognitive routines are used to reinforce learning of the novel task.

Finally, we note somkimitations with the current experiment, and propose
some inportant avenues for future research in this deat, some of the training
tasks may not have been challenging enough for our highest performing

participants, meaning that a ceiling level was reached (as seen in the SST training



task accuracy), and tleeucial adaptive aspect of the training was not consistent
across participants/groups. Relatedly, the four training tasks differed in the number
of adaptive levels included (ranging from eight to 15), and the degree to which
increasing difficulty betweerelels was matched between training tasks, which

may have limited comparability between training groups. The current tasks were
selected based on those most commonly used in the field of cognitive training, and
to avoid overlapping procedural elements bemvtasks. However, it is noted that
some of the specific tasks used here are likely to have activated multiple sub
components of EF and are therefore limited in terms of cognitive specificity (as
discussed for the OSpan task above). For instance, preesesch has

highlighted issues with using the Stroop task as atneasfer measure of IC since

it is more complex than most other measures of IC, requiring high levels of
cognitive control to manage attention and semantic processing (Enge, et al., 2014)
Building on the current research, future studies should aim to take a more
systematic approach to controlling for similarities/differences iareutines

between tasks to isolate key components that lead to training effects (as in Holmes
et al., 2019)Second, our experiment tested a young adult student population, who
are at their peak of cognitive functioningi@mond, 2013Hartshorne & Germine,
2015), and therefore the results may not be generalisable across the general
population. Notably, previougsearch has observed larger training gains in groups
whose cognitive abilities are not at their peak, for example among older adults
(Karback & Verhaeghen, 2014), children (Zhao, et al., 2018), or clinical groups
(e.g. Holmes, et al., 2010; e S net @, R019; Hallock, et al., 2016). Finally, it has
been suggested that to see widespread benefits of training on cognitive capacities,

diverse skills must be practiced. Future studies could therefore adopt more varied
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training programs that tap multiple pesses within a specific stdmmponent of
EF (e.g. maintaining, updating and recalling in WM), while reducing the
contributions of other EF sutbmponents, to allow a more rigorous exploration of
Obrain trainingéd and it ssdafaenctening(eg.sabi | it
social interactionKloo & Perner, 2003; Santiesteban, et al., 2012)

In sum, we conducted a pregistered experiment that sought to adopt the
6gol d st and &F waminggpmpgrams recommendediynons et al.
(2016), ad investigated the efficacy and generalisability of EF training within and
between three sutomponents of EF (WM, IC and CF) compared to an active
control training programin line with previous literature we found robust direct
training effects, but limied evidence to support near and far transfer effects
(Heinzel, et al., 2014, 2016; Owen, et al., 2010). Where indirect training benefits
emerged, the effects were more readily attributable to the overlapping
training/assessment task routines, rather thare general enhancements to the
underlying cognitive processes or neural circuits. Further research is needed to
isolate subcomponents of EF targeted in training programs, while systematically
manipulating paradigrspecific commonalities between taskacB an approach
would allow researchers to further explore what kinds of training most reliably lead
to performance changes, and to assess the generalisability and specificity of training

effects on cognition and beyond.
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CHAPTER 4: TRAINING SOCIAL COGNITION INDIRECTLY THROUGH

EXECUTIVE FUNCTIONS
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4.1.Introduction

In earlier chapters | have shown that some key aspects of social cognition change
with advancing age, and that there may be a cognitive basis for these changes. As
discussed in Chapter 1, previous research has provided strong evidence for a
relationship b&veen social cognition and EFs, though the direction of this link
remains under debate. Some of this work has suggested that preserved cognitive
abilities in older age might mediate a substantiatratpted decline in social
interaction (e.g. Bailey & Hew, 2010; Cho & Cohen, 2019; Rakoczy, et al., 2012),
while others have proposed that greater social integration and emotional support
relate positively to cognitive function in older age (e.gaBd, et al., 2005; Seeman,
et al., 2001). Chapter 2 highliggd that level 2 perspectitaking, reference
assignment, and social attention are impaired among adolescents and older adults
compared to young adults, likely due to the cognitively demanding nature of these
tasks. In Chapter 3, | tested the efficacgagdnitive interventions to enhance
cognitive capacities in young adults, finding mixed evidence for training (i.e. robust
evidence for direct training but only weak evidence for near and far transfer to other
measures of EF). In this chapter, | furthet the generalisability of these cognitive
training protocols, examining whether training the relevant EFs can lead to indirect
improvements in ToM.

For many years, researchers have attempteddmove social cognitive
abilities through training in chiléin (ecce, et al., 2014; Slaughter & Gopnik, 1996
healthy adults (Trautwein, et al., 2020; Santiesteban, et al., 2012), clinical
populations (Begeer, et al., 2011), and older adults (Cavallini, et al., 2015; Lecce, et

al., 2015). This work has largelydaesed on interventions that aim to improve ToM



directly (some of which was reviewed in Chapter 1), including engaging participants
in conversation about mental states, mindfulness, perspédakivey, or role play.
However, he questions of whether skiltan generalise from a trained task to other
tasks that measure related processes (including ToM and everyday mindreading)
remains under debate. For example, some studies support improvements in social
interaction abilities following engagement in a tragprotocol (e.g., Lecce, et al.,
2014), whilst other studies show no significant improvements in social cognition
performance following training interventions in children with Autism (Begeer, et al.,
2011). A recent review highlighted the specificity ofisbtraining effects on
behaviour, brain and physiology (Singer & Engert, 2019). In addition, factors such
as age, motivation, verbal knowledge, and executive functions have been identified
as important mediators to the success of training interventogsL(ecce, et al.,

2017; Zhang, et al., 2017).

Building on the developmental association between EF skills and ToM
outlined in Chapter 1, a few researchers have begun to explore the effectiveness of
training ToM indirectly by training the relevant EFs.e8jfically, Kloo and Perner
(2003) trained 3 and-ylearold children on a sethifting task (requiring cognitive
flexibility) that required children to sort cards according colour and number
dimensions. Results showed that training on the card sortingitaskcantly
i mproved childrends performance on a tesH
effects have been demonstrated in a study on children with autism, where training
on a sesshifting task led to a notable improvement in ToM (though ToM was not
enhanced in their daily lives; Fisher & Happé, 2005). More recently, one study
(Santiesteban, et al., 2012) has investigated whether these transferable training

effects exist in adults (mean age 27 years). Here, participants completed a single
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sessionof r ai ning on one of three tasks: (1)

(2) supress imitation of another persono:
trainingé (i .e. performing hand actions |
while training se i a | i nhibition (i.e. group 2) enh

taking ability on a subsequent task, imitation and general inhibition training did not.
However, further rigorous testing is required to elucidate the validity of these
effects. Therefore,abpite the potentially promising training opportunity that these
studies suggest, research on the efficacy of EF training for improved ToM remains
extremely limited, and no work to date has extended these findings using a broader
range of EF training tasker across a wider agange of individuals.

Studies on training typically suffer from a range of limitations, such as
testing effects in very young children or clinical populations (which might limit the
tasks and measures that can be used), healthyyamuit participants (who may
already be performing at or close to ceiling), focusing on just one aspect of social
cognition, or adopting small sample sizes. All of these issues are likely to contribute
to the mixed evidence on the efficacy of social ctigmitraining interventions,
meaning that improvements are more difficult to detedeed, larger training
gains have been observed in groups whose cognitive abilities are not at their peak,
such as among older adults (Karback & Verhaeghen, 2014) drexhi{Zhao, et al.,
2018), andhe nature of transfer effects to other domains can be distinct between
different age groups (Heinzel, et al., 2014)

In this Chapter, we tested whether cognitive and social abilities can be
enhanced by training the undergi EFs (using the protocols developed in Chapter
3 that targetedlVM, IC and CF compared to an active control training grpoapdl

whether these training effects differ in different age groups (adolescents, younger



adults and older adults). First, we exgekcto replicate the overall effects of age on
social cognition from Chapter 2, distinguishing between those components of social
cognition that are cognitively effortful and subject to-aglated decline, and those
which are relatively cognitively efficig and spared from agelated decline.

Regarding cognitive abilities we expected to replicate the results reported in
Chapter 3, showing limited effects of indirect transfer between tasks or EFs in the
four training groups. More importantly, regarding isbskills, we expected that

training enhancement effects would be most likely in thoseceaiponents of

social cognition that we found to be most cognitively demanding in Chapter 2 (i.e.
level 2 perspectiwaking, reference assignment, social attentisimce they rely

more on EF abilities and could therefore benefit from training in these underlying
skills. In contrast, we expected that those-soimponents of social cognition that

we found to be relativelgutomatic and cognitively efficieffite. sodal inferencing,

level 1 perspectivt aki ng, empathy for othersdé pain)
enhancement by EF training given the weaker reliance on cognitive skills.
Moreover, we predicted that training effects would be greatest among adolescents
and older adults since Chapter 2 showed that their social cognition abilities were
impaired relative to young adults on those tasks that measured cognitively
demanding stlcomponents, meaning that they have greater capacity for

improvement.

4.2 .Methods

4.2.1. Participants
From the total sample of 293 participants (see Chapter 2), nine participants were

excluded due to low MoCA scores, and 46 were removed as they did not return to
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complete session two after training, and, six were excluded because riagteal
less than eight training sessions in thed2¥ period. Thus, the final total sample for
this training study was 232, divided into three age groups: 71 adolescents (aged 10
19 years), 82 younger adults (aged4®0years), and 79 older adults (ag®80
years).

Participant details, including mean age, gender balance, SES, IQ, MoCA and
AQ-10 for each of the three age groups, are presented in Tables 4. 1 and 4. 2.

Table 4.1: Participant characteristics by age group (medmes with standard
deviations in parenthesis).

Adolescents  Younger Adults  Older Adults

N 71 82 79
Age (years) 14.4 (3.0) 27.6 (5.4) 67.9 (5.2)
Gender (F:M) 39:32 53:29 51:28

SES Index 10.3 (3.4) 10.6 (2.8) 11.4 (2.4)
Full Scale IQ 102.9 (10.5) 101.6 (13.7) 109.8 (11.0)
Verbal IQ 101.5 (9.5) 99.6 (10.9) 107.3 (12.9)
Perceptual Reasoning It 105.5 (11.8) 103.4 (11.3) 109.7 (12.6)

MoCA 27.8 (1.9) 27.9 (1.6) 27.2 (1.9)

AQ-10 2.8 (1.9) 3.1(1.8) 2.6 (1.5)

Table 4.2: Participant characteristics by age group and training group (mean values,
with standard deviations in parenthesis).

Adolescents Young old
N Mage F:M N Mage F:M N Mage F:M

Inhibitory control

18 14.3(3.1) 11:7 22 29(57) 139 20 67.6(5.2) 155

Working memory

17 14.3(3.1) 9:8 20 27.0(55) 12:8 20 68.4(5.9) 13:7

Cognitive flexibility

17 14.3(2.9) 11:7 23 26.7(5.4) 167 20 66.8(4.8) 12:8

Control group
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18 14.5(2.9) 7:10 18 27.4(5.4) 12:6 19 69.2(4.9) 11:8

4.2.2. Experimental tasks

We adopted the same six social cognition tasks employed in Chapter 2. Different
versions of the same tasks were used to
preversuspostt r ai ni ng sessions in the Director
inferences task. This ensured that participant responses would not be biased by their
memory of objects and their locations in the former, or social inferences to make for
specific videos in the latter. In addition, we adopted different sets of stimuli for the

pre- and postraining sessions for the Empathy task (stimuli were always

counterbalanced between physical and social pajpaito stimuli), and for the Face

to Face conversation we used a different set of poster stimuli behind the

experimenter (Averted gazNeutral, Sharing Gaze) and asked a different set of

guestions (see APPENDIX C).

To measure cognitive abilities, we adopted the cognitive tasks described in
Chapter 3. However, given debates about 1
(Enge, et al.2014) we replaced this IC assessment task with the G@bltask in
this training experiment (see details below).

Go/No-Go (Lustig, 2001). This taskwas used as a measure of inhibitory
control (IC).Individual letter stimuli were presented in the centre of the screen, in
black ink on a grey background, and were made up of 21 consonants. Participants
were instructed to press the left or right arrow key in response to go ayad no
stimuli. Each lettewas presented for 300ms followed by a blank screen for 700ms.

The task consisted of two practice blocks and two experimental blocks. During the

practice blocks, participants received feedback on their accuracy (i.e. a beep
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indicated an incorrect responsafd were required to reach 75% accuracy to

proceed. In the first practice block, participants were instructed to press the left arow
when an X appeared on the screen (go trials) and to press the right arrow to any other
letter (nego trials). Participantdhen completed the first experimental block with a

total of 200 trials (160 go and 40-go trials). In the second practice block,

participants were instructed to press the right arrow when an X appeared on the
screen (nayo trials) and to press the laftrow to any other letter (go trials).

Participants then completed the second experimental block with a total of 200 trials
(160 go and 40 ngo trials). This task lasted ~ 6 minutése dependent variable

was a&curacy, calculated as % correct response®o trials, averaged over both

experimental blocks.

4.2.3. Procedure

Participants completed the social cognition tasks (described in Chapter 2) and the
cognitive assessments tasks (described in Chapter 3 andggoatmve)n a quiet
laboratoryat the University of Kent. The entire pteining session lasted
approximately 3.5 hours, and the order of tasks was counterbalanced across
participants. Brticipants were then assigned to a training task (aitiheick, Stop

signal flanker, task switchingr texical decision). At the end of the ptr@ining

session, they received instructions on the procedures to complete the online training
at home. Participants were invited to complete 10 online training sessions at home,
each lasting ~15 minutes, over thext 21 days. We allowed a minimum number of
eight and a maximum of 11 training sessions to be completed over {ties/ 3eriod

(see Table 4. 3 for details on number of sessions performed by each age group and

training group).



Training tasks were contided through INQUISIT software
(www.millisecond.cony, and participants were sent personalised emails with a link
to the appropriate tasvery two or three days. Following the-@ay training
perioc, participants returned to the lab to complete the-fsasting session, in
which they repeated the same six social and three cognitive assessment tasks from

the pretraining session, as well as their assigned training tasks.

Table 4.3: Number of sessions completed by each age group and training group.

Adolescents Young Oold

Training group
Mean Range Mean Range Mean Range

Inhibitory control 9.5 8-11 9.6 8-11 9.7 8-11

Working memory 9.2 8-10 9.6 8-11 9.7 8-11

Cognitive

flexibility 9.7 8-11 9.7 8-11 9.9 8-11

Control group 9.3 811 9.4 8-10 9.7 8-11

4.3.Results

Given the clear improvements in direct transfers found in the previous Chapter, | will
focus on near and far transfers from EF training to thadsEssment tasks and the
social cognition tasks. In particular, to avoid repetition of age or other effects
reported in Chapter 2, discussion of results here will focus on effects that involve
training group and time variables. All statistical analyse®wenducted in R

version 3.6.1.

5> We allowed a minimum of 18 days anchaximum of 25 days between pend post
training sessiond = 21.3,SD= .90).
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4.3.1. Cognitive tasks

A series of ANOVAs were conducted on each ofttiree cognitiveassessment
tasks to examine indirect training effects (i.e. near and far transfer), crossing the
within-subjects variable Time (pres posttraining) with the betweesubjects
variables Training group (WMvs.IC vs.CFvs.LD) andage Group (adolescents.

young adultys.older adults)

4.3.1.1. OSpan / Working Memory
The final sample in this task was 231 @olescents, 81 young adults, 79 older
adults); one participant was excluded due to a technical fault. Partial s@yees
used as the dependent variable.

As in Chapter 3, results showed a significant effect of TH{&,_219) =
13.74,p < .001,dp? = .06, indicating that participants were more accurate (i.e. had
higher partial scores) in the pdsiining sessionM = 66.0) compared to the pre
training sessionM = 63.3). A main effect of Age group was also fol{d,219) =
8.41,p < .001,d,%= .07, fowing that young adults performed bettdr£ 68.0)
than older adultsM = 60.3,t (318) = 5.55p < .001), but did not differ from
adolescentsM = 65.2,t (302) = 1.80p = .07). The main effect of Training group
was not significantf(3, 219) = 1.02p = .39,dy? = .01, thusoverallrecallaccuracy
wascomparabléetweerthefour traininggroups None of the interactions
involving Time, Age group or Training group were significdrd,< 2.0,ps > .16
suggesting that performance on the OSpan imprawed pre to posttraining

regardless of training or age group (i.e. most likely reflecting practice).
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4.3.1.2. Go/NeGo / Inhibitory Control
For this task, the final sample was 224 (66 adolescents, 80 young adults, 78 older
adults); eight participants were excluded dua technical faultPercentage correct
on nago trialswas used as the dependent variable

Results revealed a significant maffect of TimeF(1, 212) = 21.38p <
.001,dp? = .09, indicating that participants were more accurate at post.72)
compared to prraining (M = .68).A main effect of Age group was also fouk{2,
212) = 66.03p < .001,dp? = .38, revealing that younger adults performed beftér (
= .82) than older adult$=.70,t (314) = 7.93p < .001), and adolescentd £ .57,
t (290) = 7.01p < .001). The main effect of Training group was not signific(8,
212) = 2.24p = .08,d,? = .03, thusoverallrecallaccuracywascomparabldetween
thefour traininggroups None of the interactions involving Time, Age group or
Training group wereignificant, Fs < 2.5,ps > .09 thus performance on the Go/No

Go task improved from préo posttraining regardless of training or age group.

4.3.1.3. WCST / Cognitive Flexibility
For this task, the final sample was 219 (64 adolescents, 78 young adults, 77 older
adults); 11 participants were excluded due to a technical fault and two participants
were excluded due to no correct answers given. Perseverative errors were used as
the degndent variable.

As in Chapter 3, results revealed a significant main effect of Thifie,
207) = 14.14p < .001,dy? = .06, indicating that participants made significantly
fewer preservative errors pesaining M = 4.91) compared tpre-training (M =
6.12). The main effect of Training group was signific&i(8, 207) = 2.65p = .05,

dy? = .04, showingthatthe IC group(M = 4.55)performedsignificantly betterthan
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theLD group(M = 6.82,t (106) = 2.28p = .02).All othercontrastaverenon
significant(t < 1.57;p >.12). A main effect of Age group was also fouRd2, 207)
=12.69,p < .001,dp? = .11, revealing that young adults performed bethér
3.47) than both older adult¥(= 6.49,t(308) = 4.88p < .001) and adolescentsl
= 6.84,t(308) = 7.16p < .001). Moreover, the Time x Age group interaction was
significant,F (2, 207) = 3.51p = .03,dy? = .03. Follow-up analyseshowedhat
adolescentft(63) = 2.58p = .01) and older adult$(76) = 3.05p = .003)
committedmoreperseverativerrorsatpre- comparedo posttraining, but the
young adult group showed no difference from- poeposttraining,t(77) = .49p =
.62. The interactions including Time ancaihing group were not significarfs <
1.0,ps > .40, thus performanca the WCST improved from préo posttraining

regardless of training group.

4.3.2. Hierarchy of Social Inferences

As in Chapter 2, likelihood was calculated as the percentage of trials on which

participants responded Ayeso that they
were calculated for trials with a fAyesbo
analyss of reaction times if they fell more than 2.5 standard deviations from the age

groupbébs mean response time and i f they

this task was 225 (67 adolescents, 81 young adults, 77 older adults); seven

participants werexcluded from the analysis due to a program error. A3 x4 x4 x 2

mixed design ANOVA was used to analyse the likelihood of inferences and log
transformed reaction time data, crossing the betvgebjects factordge Group
(adolescentss.young adultss.older adults) and Training Group (Wi$.IC vs.

CFvs LD) with within-subjects variables Inference (Intention, Desire, Belief,

d «
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Personality) andime (prevs.post training) Full statistical effects are reported for

likelihood in Table 4. 4, and for reti@n times in Table 4. 5.

Table 4.4 Statistical effects for Likelihood in the hierarchy of social inferences

task. Asterisks show significance of effects, wher@ ¥ .01; *** p < .001.

df F P O’
Age Group (2, 213) 16.80 <.001*** 14
Training Group (3, 213) 2.06 A1 .03
Inference (3,213) 200.66 < .001*** 49
Time (1, 213) 36.20 < .001*** 15
Age Group x Training Group (6, 213) 3.30 .004** .09
Age Group X Inference (6, 639) 1.71 A2 .02
Training Group X Inference (9, 639) .53 .85 <.01
Age Group x Time (2,213) 1.39 .25 .01
Training Group x Time (3, 213) .67 57 .<.01
Inference x Time (3, 639) 10.63 <.001*** .05
Age Group x Training Group (18, 639) 1.22 24 .03
x Inference
Age Group x Training Group (6, 213) .61 72 .02
x Time
Age Group xnference x Time (6, 639) 1.21 .30 .01
Training Group X Inference x (9, 639) .35 .96 <.01
Time
Age Group x Training Group (18, 639) .87 .62 .02

x Inference x Time

Analysis of likelihood revealed a significant main effect of Time, indicating
thatparticipants were more likely to detect social behaviour at thevpre78%)
compared to podtaining sessionM = 73%). As in Chapter 2, the maafifect of
Age Group showed thaidolescentsM = 67%) were less likely to make social
inferences compared young adultsNl = 77%;1t(146) = 3.61p < .00]), butolder
adults were more likely to make social inferendds=(84%) compared to young
adults {(156) = 2.34p = .02) In addition, the main effect of Inference showed that

participants were moiely to infer a desireNl = 87%) compared to an intention
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(M = 84%:;t(224) = 3.43p < .00, more likely to infer an intention compared to a
belief M = 74%;t(224) = 8.40p < .001), more likely to infer a desire compared to a
belief ¢(224) = 12.01p < .001), and more likely to infer a belief compared to
personality(M = 57%;t(224) = 11.04p < .001).

The significant Inference x Time interaction indicated that overall
participants were more likely to infer beliefs at the (e= 76%)compared tohe
post training sessiofM = 72%:;t(224) = 3.36p < .001), and more likely to infer
personality at the prgM = 62.6%)compared to the post training sesdibh= 52%;
t(224) = 6.71p < .001). None of the remaining contrasts reached significanee (

1.87;ps> .06).
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Figure 4. 1: The likelihood of making social inferences for each training group,
inference and time (averaged over age group for illustratiaime hierarchy of
social inferences tasKhe plotsshow raw data points, a horizontal line reflecting
thecondition mean, and a rectangle representing the Bayesian highest density
interval.



Table 45: Statistical effects for reaction times in the hierarchy of social inferences
task. Asterisks show significance of effects, wherg ¥ .01; *** p < .001.

df F p e’

Age Group (2, 213) 28.92 <.001*** 21
Training Group (3, 213) 45 72 <.01
Inference (3, 213) 40.44 < .001*** .16

Time (1, 213) 32.27  <.001*** 13

Age Group x Training Groug (6, 213) 1.20 31 .03
Age Group x Inference (6, 639) 4.06 <.001*** .04
Training Group X Inference (9, 639) .79 .63 .01
Age Group x Time (2, 213) 2.92 .06 .03
Training Group x Time (3, 213) 1.12 .34 .02
Inference x Time (3, 639) 4.46 .004** .02

Age Group XTraining Group (18, 639) .84 .66 .02

X Inference
Age Group x Training Groug (6, 213) 1.57 .16 .04
x Time
Age Group x Inference x (6, 639) 1.39 22 .01
Time
Training Group x Inference> (9, 639) 1.33 22 .02
Time
Age Group x Training Groug (18, 639) .63 .88 .02

X Inference x Time

Results on reaction times revealed a main effect of Time, indicating that
participants took longer to infer social behaviour at the re (904ms) compared
to posttraining sessionM = 1695ms). As in Chapter 2, the main effect of Age
Group showed that oldadults were slower to make social inferendéds=(2091ms)
compared to young adultsl(= 1705ms$(156) = 7.50p < .00]), but young adults
and adolescentdA= 1743ms) did not differt(146) = .33p = .74). The main effect
of Inference showed that participants were equally fast at inferring a ddsie (
1779ms) and an intentioM(= 1780mst(224) = .48p = .63, but slower to infer a

belief (M = 1890ms) compared to either an intent(t(224) = 6.82p < .00J) or a
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desire {(224) = 7.30p < .001), and faster to infer a belief compared to a personality
(M = 1944mst(224) = 2.71p = .007).

The Age Group x Inference interaction found in Chapter 2 was also
replicated here. Importdwgt the Inference x Time interaction was significant,
indicating that all four social inferences were slower at thequmpared to post
training session (ats > 2.90ps < .004), though this effect was greater in desire

inferences, followed by intemtns and belief and smaller when making personality

inferences.
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4.3.3. Visual/Spatial perspectivaaking

As in Chapter2, only matchingtrials wereincludedin our analysesandreaction

timeswerecalculatedonly on correcttrials. Outliers were excluded from the analysis

of reaction ti mes

i f

they fell

mor e

t han

mean response time. The final sample in this task was 231 (71 adolescents, 81 young

adults, 78 older adults); three participants were excluded from the analysis due to a

program error. A 3 x4 x 4 x 2 x 2 x 2 mixed design ANOVA was used for analysis

of accuacy and logiransformed reaction time data, crossing the betvgebjects

factorsAge Group (adolescents.young adultss.older adults) and Training Group

(WM vs.IC vs.CFvs LD), with within-subjects variables Angl®{vs.60°vs.120°

vs.1809, Level (1vs.2), Content (Visuals.Spatial) andlime (prevs.post

training). Full statistical effects for reaction times are reported in Table 4. 6.

Table 4.6: Statistical effects for reaction times in the vispatial perspective
taking task. Asterisks show significance of effects, whey&*05; ** p < .01; *** p

<.001.

Effect df F P dp?

Age Group (2,218) 61.773 <.001*** .36
Training Group (3,218) 4.805 .003** .06
Content (1, 218) 240.395 <.001*** .52

Angle (3,654) 511.081 <.001*** .70

Level (1, 218) 851.986 <.001*** .80

Time (1, 218) 283.068 <.001*** .57
Age Group x Training Group (6,218) 0.277 0.95 <.01
Age Group x Content (2,218) 0.605 0.55 <.01
Training Group x Content (3,218) 1.042 0.38 <.01
Age Group x Angle (6,654) 11.114 <.001*** .09
Training Group x Angle (9,654) 0.432 .92 <.01
Age Group x Level (2,218) 3.426 .034* .03
Training Group x Level (3,218) 0.538 0.66 <.01
Age Group x Time (2,218) 4.735 0.01** .04
Training Group x Time (3,218) 13.701 <.001*** .16
Content x Angle (3,654) 12501 <.001*** .05
Content x Level (1, 218) 224.216 <.001*** 51
Angle x Level (3,654) 362.554 <.001*** .62
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Content XTime (1,218) 1.704 .19 <.01

Angle x Time (3,654) 3.282 .02* <.01
Level x Time (1,218) 1.038 31 <.01
Age Group x Training Group X
Content (6,218) 1.567 .16 <.01
Age Group x Training Group x Angl¢ (18, 654) 1.82 .02* .05
Age Group XTraining Group x Level (6, 218) 1.03 41 .03
Age Group x Training Group x Time (6,218) 2.06 .06 .05
Age Group x Content x Angle (6,654) 2.45 .02* .02
Training Group x Content x Angle (9, 654) 1.20 .29 .02
Age Group x Content x Level (2, 218) .50 .61 <.01
Training Group x Content x Level (3, 218) .59 .62 <.01
Age Group x Angle x Level (6,654) 2.55 .02* <.01
Training Group x Angle x Level (9, 654) 1.40 19 .02
Age Group x Content x Time (2,218) 2.04 13 .02
Training Group x Content x Time (3, 218) 1.24 .30 .02
Age Group x Angle x Time (6, 654) 1.37 .23 .01
Training Group X Angle x Time (9, 654) T7 065 .01
Age Group x Level x Time (2,218) 3.67 .03* .03
Training Group x Level x Time (3, 218) .38 a7 <.01
Content x Angle x Level (3,654) 11.25 <.001*** .05
Content x Angle x Time (3,654) 3.25 .02* .02
Content x Level x Time (1,218) 5.70 .02* .03
Angle x Level x Time (3,654) 3.85 .009 .02
Age Group x Training Group x
Content x Angle (18,654) .92 .55 .03
Age Group XTraining Group X
Content x Level (6,218) 1.79 .10 .05
Age Group x Training Group x Angle
x Level (18,654) .38 .99 .01
Age Group x Training Group x
Content x Time (6, 218) .93 48 .03
Age Group x Training Group x Angle
X Time (18,654) 1.35 15 .04
Age Group x Training Group x Leve
X Time (6,218) 2.68 .02* .07
Age Group x Content x Angle x Leve (6, 654) .82 .55 <.01
Training Group x Content x Angle x
Level (9,654) 1.23 27 .02
Age Group x Content x Angle x Tim: (6, 654) 57 75 <.01
Training Group x Content x Angle x
Time (9, 654) 77 .64 .01

Age Group x Content x Level x Time (2, 218) 5.04 .007** .04
Training Group x Content x Level x

Time (3, 218) .35 .79 <.01
Age Group x Angle x Level x Time (6, 654) .61 72 <.01
Training Group x Angle x Level x

Time (9, 654) 96 A7 .01

Content x Angle x Level x Time  (3,654) 4.38 .005** .02
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Age Group x Training Group x

Content x Angle x Level (18, 654) .82 .68 .02
Age Group x Training Group x
Content x Angle x Time (18,654) 1.08 37 .03
Age Group x Training Group x
Content x Level x Time (6, 218) .58 74 .02
Age Group x Training Group x Angle
X Level x Time (18, 654) .63 .88 .02
Age Group x Content x Angle x Leve
x Time (6, 654) 75 .61 <.01
Training Group xContent x Angle x
Level x Time (9, 654) 1.31 .23 .02
Age Group x Training Group x
Content x Angle x Level x Time (18, 654) .604 .90 .02

Results revealed significant main effects for all variabAassfound in
Chapter 2, participants responded slower when making spatial compared to visual
judgements (955mss.831ms), and when adopting a level 2 perspective compared
to a level 1 perspective (1009ws 777ms). The main effect of Angle showed that
response times increased as the angle of rotation incrédsedg42; Ms» = 859;
Mi2e = 907;M1sr = 965; all contrastp < .001). The main effect of Age group
showed that ol der adults spent | onger | u
compared to oth adolescents (901ms) and young adults (775ms), and adolescents
were slower compared to young adults (all contrasts001). The main effect of
Training group showed that the cognitive
perspective faster (838ms)mpared to the control grouM(= 932mst(111) = 2.77,
p =.007), but none of the other contrasts were signifig@ant.60). Finally, the main
effect of Time indicated that participant
perspective at the pestining session (842ms) compared to thetpaming session
(M =943ms)

The basic interactions reported in Chapter 2 wepécated here, namely

Age Group x Angle, Content x Angle, Content x Level, Angle x Level, Age Group x
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Angle x Level, and Content x Angle x Level. Importantly, the interaction between
Training group and Time was significant and was further investigateanioyng
oneway ANOVAS to compare training groups separately for anel posttraining
sessions. Results showed that the four training groups differed in performance at the
posttraining sessior (3, 226) = 7.06p < .001,dx?>= .09, but not at the piteaining
sessionF(3, 226) = .82p = .48. Followup contrasts between the four groups in the
posttraining session showed that participants the cognitive flexibility group
responded significantly faster (761ms) compared to the inhibitory control group
(859ms,1(118) = 3.54p < .001), working memaory group (869mgl15) = 3.93p <
.001) and lexical decision group (888t{§,11) = 3.83p < .001). None of the other
contrasts reached significance (ak .66,ps> .51).

A threeway interaction was also found between Age group, Angle and
Training grouphowever none of the underlying interactions reached significance

(all ps > .83).
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4.3.4. Interactive reference assignment
As in Chapter 2, only experimental trials were included in our analyses. Accuracy
wascalculated as the proportion of trials on which participants correctly selected the
target object. Reaction times were calculated for correct responses only, and
excluded trials that fell more than 2.5
respons time for each session, or were faster than 200 ms (since this indicated they
selected the object before hearing the scalar contrast term). The final sample in this
task was 224 participants (67 adolescents, 80 young adults, 77 older adults); ten
participants were excluded from the analysis due to a program error. A3 x4 X2 x 2
mixed design ANOVA was used for analysis of accuracy andrégformed
reaction time data, crossing the betwseabjects factordge Group (adolescents.
young adultys.older adults) and Training Group (WWk.IC vs.CFvs. LD) with
the within-subjects factors Conditigftistener onlys.shared view) and@ime (pre
vs.post training) Full statistical effects are reported in Table 4. 7 for accuracy, and
in Table 4. 8 foreaction times.

Analysis of accuracy revealed significant main effects for all varialbles
main effect of Time showed that overall participants were more accurate at the post
training M =.98) compared to pre training sessibh< .96). The main effeatf
Training Group was further investigated by comparing each experimental group
(Working Memory, Inhibitory Control and Cognitive Flexibility) with the control
group (Lexical Decision), and revealed higher overall accuracy in the cognitive
flexibility group (M =.98) compared to the control groug € .96,t(107) = 2.36p
=.02). All other contrastwere norsignificant s > .12). In addition e main
effects of Age Group an@ondition replicated effects in Chapter 2dhowing that

overall,young aduls (M =.98) were more accurate at selecting the target object
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compared to both older adultgl € .96;t(155) = 3.71p < .00]) and adolescent$A
=.97,1(145) = 2.48p = .01), andhat participants committed more errors in the

listener only conditionNl = .96) compared to the shared view conditigh=.99).

Table 4.7: Statistical effects for Accuracy in the Director task. Asterisks show
significance of effects, where 1< .01, *** p< .001.

df F P Op?
Training Group (3, 212) 2.80 .04* .04
Age Group (2, 212) 11.35 <.001*** .08
Time (1,212) 13.16 <.001*** .06
Condition (1,212) 33.40 <.001*** 14
Training Group x Age Group (6, 212) 1,26 .28 .03
Training Group x Time (3, 212) 1.08 .36 .02
Age Group x Time (2, 212) 8.73  <.001*** .08
Training Group x Condition (3, 212) .83 48 .01
Age Group xCondition (2, 212) 791 <.001*** .05
Time x Condition (2, 212) 10.3 .002** .05
Training Group x Age Group x (6, 212) .85 .53 .02
Time
Training Group x Age Group x (6, 212) 1.90 .08 .05
Condition
Training Group x Time x Conditior (3, 212) 1.72 .16 .02
Age Group x Time x Condition (2, 212) 6.42 .002** .06
Training Group x Time x Conditior (6, 212) 1.28 27 .04
x Age Group

Importantly, the 2vay interactions between Age group x Time and Time X
Condition were significant, and were furtreabsumed under a8ay interaction
between Age Group, Condition and Tink®llow-up analyses showed that the Age
Group x Time interaction was significant in the listener only condi&¢®, 221) =
8.19,p < .001,d,?= .07, but not in the shared view conditi&i(2, 221) = .59p =
.55. To follow up the significant Age group x Time interaction in the Listener only
view, we ran onavay ANOVAS to test the effect of Age Group separately for the
pre and post training seess. Results revealed that the effect of Age Group (young

adults > adolescents and older adults) was significant in thegimeng sessiornt (2,



221) = 9.64p < .001,dp>= .08, but not in the postaining sessiork(2, 221) = .70,
showing that the ag@ifferences in accuracy on this task were eliminated after

practice.

Table 48: Statistical effects for reaction times in the Director task. Asterisks show
significance of effects, where *f < .001.

df F P dp?
Training Group (3, 212) .38 a7 <.01
Age Group (2, 212) 64.16 < .001*** .38
Time (1,212) 165.35 <.001*** 44
Condition (1, 212) .64 42 <.01
Training Group x Age Group (6, 212) .88 51 .02
Training Group x Time (3, 212) .52 .67 <.01
Age Group x Time (2, 212) A1 .90 <.01
Training Group x Condition (3, 212) 73 .54 .01
Age Group x Condition (2, 212) A7 .63 <.01
Time x Condition (2,212) 10.55  .001*** .05
Training Group x Age Group x (6, 212) 1.78 .10 .05
Time
Training Group x Age Group x (6, 212) 1.53 A7 .04
Condition
Training Group x Time x Conditior (3, 212) 14 .94 <.01
Age Group x Time xCondition (2, 212) 2.92 .06 .03
Training Group x Time x Conditior (6, 212) .81 .56 .02
x Age Group

Analysis of reaction times revealed significant main effects for Time and Age
group. The main effect of Time revealed that participants were slower to select the
target object in the pre trainirflyl = 3043ms)compared to post training sessid
=2671ms).The main effect of Age grougplicated effects in Chapter 2, showing
thatolder adults were slower tespondM = 3134ms) compared to young adulté (
=2363ms}(155) = 9.46p < .00]), but young adults and adolescents did not differ
(M = 2362mst(145) = .68p = .41).

TheTime x Conditioninteractionwas also significant, and was furthmsr

comparingp a r t i ceagliatimesatrevs posttrainingsessiorseparately for
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the listener only and shared view conditioRairedt-testsrevealedthatparticipants
significantlyimprovedtheir performancen thelisteneronly condition(t(223) =

3.46,p < .00]) butnotin thesharedview condition(t(223)=.92,p = .36).
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4.3.5. Empathy for physical and social pain

The final sample in this task was 175 (46 adolescents, 64 young adults, 65 older
adults). From the original sample 13 participants were excluded due to too few
segmentsrfiore than 25%) and 17 participants were excluded due to computer

failure.

4.3.5.1. Pain ratings

Pain ratings were analysed using a 3 x 4 x 2 x 2 x 2 mixed design ANOVA, crossing
the betweersubjects variablage Group (adolescents.young adults/s.older

adults) and Training Group (WMs.IC vs.CFvs LD) with the withinsubjects

variables Typegainvs.no pain), Content (physicas.social) and Timéprevs.post

training). Full statistical effects are reported for pain ratings in Table 4. 9.

Table4.9:St ati sti cal effects for pain ratings
Asterisks show significance of effects, whene ¢ .05; *** p < .001.

df F P dp?

Training Group (3, 162) 1.04 .38 .02

Age Group (2,162) 1.04 .35 .01

Type (1, 162) 927.22 <.001*** .86

Content (1, 162) 40.54 <.001*** .20

Time (1, 162) 10.71 001 *** .06

Training Group x Age Groug (6, 162) .93 A7 .03
Training Group x Type (3, 162) 2.71 .05* .05
Age Group x Type (2, 162) 2.63 .08 .03
Training Group x Content (3,162) .33 .80 <.01
Age Group x Content (2,162) 3.99 .02* .05
Training Group x Time (3, 162) 2.43 .07 .04
Age Group x Time (2,162) 51 .60 <.01
Type x Content (1, 162) 39.33 <.001*** .20

Type x Time (1, 162) 13.19 <.001*** .08
Content x Time (1, 162) 1.99 .16 .01
Training Group x Age Groug (6, 162) 1.02 41 .04

x Type
Training Group x Age Groug (6, 162) 1.93 .08 .07
x Content
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Training Group x Age Groug (6, 162) .67 .68 .02

x Time
Training Group x Type x (3, 162) 1.10 .35 .02
Content
Age Group x Type x Conten (2, 162) .50 .61 <.01
Training Group x Type x (3, 162) 1.54 .20 .03
Time
Age Group x Type x Time (2, 162) 1.23 .29 .02
Training Group x Content x (3, 162) .26 .85 <.01
Time
Age Group x Content x Time (2, 162) 3.66 .03* .04
Type x Content x Time (1, 162) 1.23 27 <.01
Training Group x Age Groug (6, 162) 1.06 .39 .04
X Type x Content
Training Group x Age Groug (6, 162) g7 .60 .03
X Type x Time
Training Group x Age Groug (6, 162) 51 .80 .02
X
Content x Time
Training Group x Type x (3, 162) .69 .56 .01
Content x Time
Age Group x Type x Conten (2, 162) .33 71 <.01
x Time
Training Group x Age Groug (6, 162) 21 .97 <.01

X Type x Content X Time

As in Chapter 2the Age Group x Content and Type x Content interactions
were significant here. Importantly, the analysis also revealed a significant Time x
Type interaction, which showed that participants reduced their pain ratings for no
pain images from the p(® = 146) to posttraining sessionM = 9.57,t(173) =
4.76,p < .001), but did not differ from pre to post training when rating pain images
(t(173) = .59p = .56). Finally, the Age Group x Content x Time interaction was
significant. Followup analyses testedfefts of Content and Time separately for
each age group, and revealed that the Content x Time interaction was significant in
the adolescent group(1, 43) = 8.49p < .001,dy>= .17, but not in the young or
older adult groupsHs < 1.67,ps > .20). To follow up the significant interaction in
the adolescents, we usetksts to compare pain ratings at pseposttraining

separately for the physical and social content. Results showed that adolescents

15¢



judged physical images as more painfypie (M = 39.2) than postraining M =
35.0,t(43) = 2.89p < .001) butdid not differ from pre to post traininghen

judging social image$(43) = .83 p = .41.
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Figure 4.6: The pain ratings for each training group, condition and time (averaged over age group for illustration) in the empathy for
othersdé pain task. The plots show raw data pointsgthea hori zo
Bayesian highest density interval.



4.3.5.2. EEG suppression

Mu/alpha (813Hz) and beta (:35Hz) suppression was analysed using separate 3 X
4 x 2 x2x2x 2nixed ANOVAs that crossed the betwesubjects factors Age

Group (adolescentss.young adults/s older adults) and Training Group (Wié.

IC vs.CFvs LD) with the withinsubjects factors Type (paus.no-pain), Content
(physicalvs.social),Electrode site (centrats.occipital) and Timéprevs.post

training). Full statistical effects ameported in Table 4. 10.

Table 410: Statistical effects for mu/alpha and beta suppression in the empathy for

ot hersé pain task. AsterislpsO0Ostpwilsi gni f |

¥ < 001,
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df F P dp?
Training Group (3,163) 1.42 24 .03
Age Group (2,163) 6.08 .003** .07
Time (1, 163) 21.31 <.001*** A2
Type (1, 163) 42.30 <.001*** .20
Content (1,163) 16.40 <.001*** .10
Electrode (1,163) 17.80 <.001*** .10
Training Group x Age Group (6, 163) 1.01 0.45 .03
Training Group x Time (3,163) .63 .64 .01
Age Group x Time (2,163) .71 .69 <.01
Training Group x Type (3,163) 15 .82 <.01
Age Group x Type (2,163) 4.48 .03* .04
Training Group XContent (3,163) 15 .94 <.01
< Age Group x Content (2,163) .32 T7 <.01
g Training Group x Electrode  (3,163) 1.27 .37 .02
g Age Group x Electrode (2,163) 16.60 < .001*** .18
i Time x Type (1,163) 3.16 15 .01
= Time x Content (1,163) .26 .55 <.01
% Type x Content (1,163) .31 .52 <.01
= Time x Electrode (1,163) 8.16 .005** .05
Type x Electrode (1,163) 8.07 .005** .05
Content x Electrode (1,163) .40 .53 <.01
Training Group x Age Group » 6,163) .42 86 02
Time
Training Group x Agésroup X (6,163) .88 51 03
Type
Training Group x Age Group x (6,163) 1.49 18 05
Content
Training Group x Age Group x 6,163) .25 95 < 01
Electrode
Training Group x Time x Type (3, 163) .25 86 <.01
Age Group x Time x Type  (2,163) .83 44 .01
Training Group x Time X (3,163) 51 68 < 01
Content
Age Group x Time x Content (2, 163) .23 .80 <.01




Training Group x Content x

Type (3,163) .61 .61 .01
Age Group x Type x Content (2, 163) .06 .94 <.01
TrainingEI(;r:(t)rlé%é( Time X (3,163) 1.32 27 02
Age Group x Time x Electrode (2, 163) 2.74 .07 .03
TrainingE I(sé?rté% ; Type x (3,163) 2.58 .06 .05
Age Group x Type x Electrode (2, 163) .24 .79 <.01
Traininggéc():ltjrp())é(eContent X (3,163) .97 40 02
O e @) 1ss o
Type x Time x Content (1,163) 1.20 .28 <.01
Electrode x Type x Time (1,163) .72 40 <.01
Time x Content x Electrode (1, 163) 1.26 .26 <.01
Type x Content x Electrode (1, 163) .002 .97 <.01
Tfai”i”% gs;%;gge XAG® (6,163) 1.35 24 05
Tralnlré;grgjrgl;(pcxo'r?[glri x Age (6,163) .50 81 .02
Trai“i“g;':‘;(pcé Fge STOUP> (5, 163) 59 74 02
TS NSO (1 o0 o0 o
Tra'“'“gygéoxugl’é 798 SIOUP> (5 163)  1.29 27 05
b 0199 113 35 o
e €89 8 m <
Age Grou&))(n-![-(iarr?te x Type X (2,163) .20 .82 <.01
e G189 4@ @ <
TSNS e s o
Age Grougé CTtirfggeX Content>  163) .44 64 <.01
it ©19_ 40 15 <o
Age Groupélz(;l;)r/ggex Content (2,163) 4.14 02* 05
Time xl'_zl'lyép():(tergdcé‘ontent X (1,163) .02 89 < .01
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Training Group x Age Group x

Time x Type x Content (6,163) 1.75 11 06
e e (6,169 43 o 02
" Fime  Contentx lectiode. (©:169 83 79 02
Type x Contentx Hlectiode (©:169 27 95 01
O Contentx Electrode 3169 37 71 <01
e o™ @169 a2 s <o
Training Group x Age Group x
Time x Type x Content x (6,163) .60 73 .02

Electrode
Training Group (3,163) 1.77 15 .03
Age Group (2,163) 10.33 <.001*** A1
Time (1,163) 9.66 <.001*** .06
Type (1,163) 21.82 <.001*** A2
Content (1,163) 15.25 <.001*** .09
Electrode (1,163) 4.91 .02* .03
Training Group x Age Group (6, 163) .27 .95 .01

Training Group x Time (3,163) 1.04 .38 .02

Age Group x Time (2,163) 1.60 .20 .02

Training Group x Type (3,163) 27 .85 <.01

Age Group x Type (2,163) 5.12 .007** .06
Training Group x Content  (3,163) .68 .57 .01

Age Group x Content (2,163) 4.02 .02* .05
Training Group x Electrode  (3,163) 1.30 .28 .02

Age Group x Electrode (2,163) .70 50 < 01

Time x Type (1,163) .68 41 <.01
Time x Content (1,163) 1.36 .25 <.01
-é Type x Content (1,163) .11 74 <.01
&g_ Time x Electrode (1,163) 2.50 A2 .02
é") Type x Electrode (1, 163) 5.17 .02* .03
S Content x Electrode (1,163) 7.36 .007** 04
@ Training Group x Age Group x
Time (6, 163) .86 .53 .03
Training Group x Age Group x 6,163) .63 20 02
Type
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Training Group x Age Group x

Content (6,163) .55 A7 .02
Training GErloelért)rédAége Group x (6,163) 1.0 43 .04
Training Group x Time x Type (3, 163) .12 .95 <.01
Age Group x Time x Type  (2,163) .15 .86 <.01
Trainingc(irnotléﬁtx Time x (3,163) .30 83 < .01
Age Group x Time x Content (2, 163) 4.70 .01** .06
Training G_:_c;%péx Content x (3,163) .66 58 .01
Age Group x Type x Content (2, 163) 1.22 .30 .02
Trainin?zlcea(r:?rl:)%g Time X (3,163) 1.52 21 03
Age Group x Time x Electrode (2, 163) 1.21 .30 .02
Tfai”ingEg;‘t’r‘é%é‘ TyPeX (3 163) 208 11 04
Age Group x Type x Electrode (2, 163) .51 .60 <.01
TrainingGé%unp;emelectrode X (3,163) .83 48 02
Age Glrzcl’ggtfogg”te”t X (2,163) 2.00 14 02
Time x Type x Content (1,163) .65 42 <.01
Time x Type x Electrode (1, 163) .28 .60 <.01
Time x Content x Electrode (1, 163) .07 .79 <.01
Type x Content x Electrode (1, 163) 1.51 22 <.01
Tfai”inge ﬁ!ﬁ;‘%ﬁ,@e XA (6,163) 1.30 26 05
Trai”ir(‘gr;rg‘j(pcxoggﬁ XAG® (6,163) .21 97 <.01
Tramir(];gr ggtj(pcxomfepni XA%® (6 163) 1.03 41 .04
Training Sroup X A9€ STOUPX (6, 163) .71 64 03
Trammlgl ;:cr)ggexxﬁ%gy% SrOUIO * (6,163) .24 .96 <.01
Tt g €159 17532 o
e (i M 7 <o
Age Group ’;Repe xcontent> > 163) 89 41 01
Training Group X TIme X TYPE (3, 163)  1.26 29 02
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Age Group x Type x Electrode

« Time (2,163) .61 .55 <.01
" ComentEloctode (/169 18 e <01
Age Grourélé;irrggex Content > 2,163) .21 82 < 01
o tde (169 248 o7 oo
Age Grou;l)a)é;)r/ggex Content (2,163) .99 37 01
Time xgé%(:\r;(ggntent X (1,163) .49 49 < .01
IO 10y w1
Tranri‘r;fl'g f{%@’;é?eecgggp * (6,163) 175 11 06
g o XS 0169 167 13 06
e Cont Ao, @169 29 oo
T oy ot 0189 107 % o
O it C.19 2@ <o
Training Group x Age Group x
Time x Type x Contentx (6, 163) .63 71 .02

Electrode

4.3.5.2.1. Mu/alpha suppression

Analysis of mu/alpha suppression replicatieel main effectseported in Chapter 2.
Overall mu/alpha suppression was greaterifiaages that depicted pail (= -80)
compared to ngain M =-77), for physical(M = -.80) compared to social stimuli
(M =-.78), and over the occipitdM = -.80) compared to central electrod@s = -
.77). The main effect of Age Group was also replicated hefkecting greater
mu/alpha suppression among young adbfts=(-.82) compared to older adultsl &
-.74,1(127) = 3.30p = .007), but no difference between young adaitsl

adolescents\ =-.80,t(108) =-.54,p = .59. In addition,the main effect of Time



was significant, showing that overall mu/alpha suppression was greater at the post
(M =-.81) compared to the pteaining sessionM =-.77).

The significant Age Group x Type and Age Group &dilode interactions
reported in Chapter 2 were replicated héreaddition, the Zvay Time x Electrode
interaction was significant, revealing increased mu/alpha suppression at the post
compared to preraining session over centrdl (= -.78vs.-.75,t(174) = 3.11p =
.002) and occipital electrodelsl = -.83vs.-.79,t1(174) = 4.86p < .001), though this

difference was greater over occipital than central electrodes.
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Figure 4.7: Mu/alpha suppression for each electrode site and condition in each age

group

n

t he

empathy

fsiwow raw data points,&a p a i

horizontal line reflecting the content mean, and a rectangle representing the
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4.3.5.2.2. Beta suppression

Analysis of beta suppressioeplicated allthe main effectseported in Chapter 2.
Overall beta suppression was greater for images that depictedypain/4) than

no-pain M = -73), for physicalM = -.74) than sociastimuli (M =-.73), and over

the occipitaM =-.74) compared to central electrodds = -.73). The main effect of
Age group was also replicated heskpwing greater beta suppression among young
adults M =-.76) compared to older adultsl & -.70,t(127) = 3.97p < .00J), but no
difference between young adults and adolescémhts{.76,t(108) =-.06,p = .95).

In addition,the significant main effect of Time indicated greater beta suppression at
the post i = -.75) compared to praining sessioM = -.73).

The significant Age Group x Type interaction reported in Chapter 2 was
replicated here. In additiothe 3way Time x Age Group x Content interaction was
significant. Followup analyses tested effects of Content and Time separately for
each ag group, and revealed that the Content x Time interaction was significant in
the young groupk(1, 63) = 8.68p < .005,dp>= .12, but not in the adolescents or
older adult groupsHs < 2.01,ps > .16). To follow up the significant interaction in
the young group, we useddsts to compare beta suppressions avg@osttraining
separately for the physical and social content. Results showed greater beta
suppression at préA= 39.2) than postraining M = 35.0,t(63) = 2.32p =.02) in
response to social stimubutno changes in beta suppression were detected in

response to physical stimul{63) = .60,p = .55.
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Figure 4.8: The pain ratings for each training group, condition and time (averaged
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4.3.6. Face to face conversation

4.3.6.1. Face to face conversation

The final sample in this task was 191 (60 adolescents, 71 young adults, 60 older
adults); 25 participants were excluded due to insefiit eyetracking data and 14
participants were excluded due to technical issues in one of their testing sessions.
Fixations were analysed using a 3 x 4 x 2 x 2 x 3 mixed design ANOVA, crossing
the betweersubjects factordge Group (adolescents.young adultsvs.older

adults) and Training Group (WMs.IC vs.CFvs LD) with the withinsubjects

factors Conditior(speakingvs.listening), Time (prevs.post trainingland Aol (face

vs.bodyvs.background). Full statistical effects are reported in Table%. 11

Table 4.11: Statistical effects for fixations in the face to face conversation task.
Asterisks show significance of effects, where *** p < .001

Effect df F p Op?
Age Group (2, 179) <.001 1 <.01
Training Group (3, 179) .001 1 <.01
Condition (1,179 .01 1 <.01

Aol (2,358) 278.59 < .001*** .61
Time (1,179 .005 1 <.01
Age Group x Training Group (6, 179) .002 1 <.01
Age Group x Aol (4, 358) 6.35 < .001*** .06
Training Group x Aol (6, 358) .67 .67 .01
Age Group x Condition (2, 179) .01 .99 <.01
Training Group x Condition (3, 179) .005 1 <.01
Age Group x Time (2, 179) .003 1 <.01
Training Group x Time (3, 179) <.001 1 <.01
Condition x Aol (2, 358) 151.11 < .001*** 46
Aol X Time (2, 358) 1.12 .33 <.01
Condition x Time (1,179 10 75 <.01

Age Group x Training Group: (12, 358) 1.19 .29 .04

Aol

® Note that some of the effects are not meaningful in this analysis because proportions of
fixations for each participant/condition/time summed to 1.
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Age Group x Training Group: (6, 179) .005 1 <.01

Time
Age Group x Training Group: (6, 179) .002 1 <.01
Condition
Age Group x Condition x Aol (4, 358) 5.43 <.001*** .06
Training Group x Condition x (6, 358) 1.38 22 .02
Aol
Age Group x Aol x Time (4, 358) 74 .57 <.01
Training Group x Aol x Time (6, 358) .82 .55 .01
Age Group x Condition X Time (2, 179) .06 .94 <.01
Training Group x Condition x (3, 179) .07 .98 <.01
Time
Aol x Condition x Time (2, 358) 49 .61 <.01
Age Group x Training Group: (12, 358) 27 .99 .009
Condition x Aol
Age Group x Training Group: (12, 358) 1.18 .29 .04
Aol x Time
Age Group x Training Group: (6, 179) .03 1 <.01
Condition x Time
Age Group x Aol x Condition (4, 358) 2.77 .03* .03
X Time
Training Group x Aol x (6, 358) .33 .92 <.01
Condition x Time
Age Group x Training Group: (12, 358) 1.19 .29 .04

Aol x Condition x Time

Analyses replicated the main effect of Aol, and interactions between Age
Group x Aol, Condition x Aol, and Age Group x Aol x Condition reported in
Chapter 2, however none of these effects were modulated by Time or Training
Group.

The 4way interaction Aggroup x Aol x Condition x Time was also
significant and further explored, running three separat@BANOVAS on each
Aol, however none of the ANOVAS revealed a significant interaction Age group x

Time x Condition.
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Figure 4.9: The proportion of time spent fixating each Aoleach training group
at the preand postraining session (averaged over age groups for illustration). The
plotsshow raw data points, a horizontal line reflecting the condition mean, and a
rectangle representing the Bayesian highest density interval.

4.3.6.2. Posters

Fixations to the three posters were analysed using a 3 x 4 x 2 x 3 x 2 mixed design
ANOVA, crossing the betweesubjects factordge Group (adolescents.young
adultsvs.older adults) and Training Group (W$.1C vs.CFvs LD) with the
within-subjects factors Conditigispeakingvs.listening), Time (prevs.post

training)and Aol (shared gaaes.averted gazes.neutral). Full statistical effects are

reported in Table 4. 12.

Table 4.12: Statistical effects for fixations in the face to face conversation task.
Asterisks show significance of effects, whene < .05; ** p < .01; *** p <.001.

Effect df F p dp?

Age Group (2, 179) 3.71 .03* .04
Training Group (3,179 2.07 A1 .03
Condition (1,179 55.75  <.001*** 24
Aol (2, 358) 1.45 24 <.01
Time (1,179 1.46 .23 <.01

Age Group x Training Group (6, 179) 1.64 14 .05
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Age Group x Aol (4, 358) A7 .95 <.01
Training Group x Aol (6, 358) 1.50 18 .03
Age Group xCondition (2, 179) 2.25 A1 .03
Training Group x Condition (3,179) .86 46 .01
Age Group x Time (2,179 .36 .70 <.01
Training Group x Time (3,179) .85 A7 .01
Condition x Aol (2, 358) .08 .93 <.01
Aol x Time (2, 358) 4.67 .01* .03
Condition x Time (1,179 .50 48 <.01
Age Group x Training Group x (12, 358) .85 .60 .04
Aol
Age Group x Training Group x (6, 179) 2.42 .03** .08
Time
Age Group x Training Group x (6, 179) 45 .84 A1
Condition
Age Group x Condition x Aol (4, 358) 1.12 .35 .01
Training Group x Condition x (6, 358) .81 .56 .01
Aol
Age Group x Aol x Time (4, 358) .84 .50 <.01
Training Group x Aol x Time (6, 358) .76 .60 .01
Age Group x Condition x Time (2, 179) .87 A2 .01
Training Group x Condition x (3, 179) 48 .70 <.01
Time
Aol x Condition x Time (2, 358) A7 .84 <.01
Age Group x Training Group x (12, 358) 1.32 .20 .04
Condition x Aol
Age Group x Training Group x (12, 358) .86 .58 .03
Aol x Time
Age Group XTraining Group x (6, 179) 4.03 .007** A2
Condition x Time
Age Group x Aol x Condition x (4, 358) 2.54 .04* .03
Time
Training Group x Aol x (6, 358) 91 48 .02
Condition x Time
Age Group x Training Group x (12, 358) .55 .88 .02

Aol x Condition x Time

The main effects of Age Group and Aol replicated the patterns reported in

Chapter 2. In addition, a significant AoITime interaction revealed that participants

distributed their attention between the three poster Aols differently & (@.el143)

= 4.45,p=.01,d,°>< .01,and postraining session$;(2, 1143) = 4.31p = .01,d,°<

.01 Follow-up analyses showed that at the-na@ning session participants spent a

greater proportion of time looking at the neutral podt#er(.03) compared to the
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shared gaze postavi(= .02,t(190) = 2.06p = .04), but looks to the neutral and
averted gaze postévl = .02) did not differ significantlyt(190) = 1.84p = .07). At
the posttraining session, participants spent a greater proportion of time looking at
the averted gaze postéi € .03) compared to the neutral postdr< .01,t(190) =
2.03,p = .04). No difference emerged comparing the proportion of fixations on the
neutral vs the shared gaze po$t€r90) = .49p = .63.

TheAge Group x Training Group x Timateraction wasignificant and
was further subsumed under a significantay Age Group x Training Group x
Condition x Time interaction. Followp analyses showed that the Training Group X
Age Group x Time interaction was significant in the listening condit¢8, 179 =
4.28,p < .001,d,?= .13, but not in the speakimgndition,F(3, 179) = .61p< .73
Examining effects separately for each age group revealed thatineng Group x
Time interactionwassignificantin the older adult groug(3, 56) = 2.81p = .05,dy?
= .13, and adolescerf3, 56) = 3.10p = .04,dy?>= .14, but not in the young adult
group,F(3, 67) = 2.23p = .09 Specifically, adolescents in the control group looked
longer at the posters ihé pre (M = .05) compared to the petsaining sessionM <
.001,t(13) = 2.46p = .03. None of the other comparisons from-@eposttraining
reached significanceq > .58 ps > .06).

The 4way interaction Age group x Aol x Condition x Time was also
significant and further explored running three separate 3 ways ANOVA on each Aaol,
however none of the ANOVASs revealed a significant interaction Age group x Time X

Condition.
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Figure 4.10: The proportion of time spent fixating each Aoleach training group
at the pre and postaining session (averaged over age groups for illustration). The
plotsshow raw data points, a horizontal line reflecting the condition mean, and a
rectangle representing the Bayesian highest density interval.

4.3.7. Navigation in the reaiworld

The final sample in this task was 199 (63 adolescents, 73 young adults, 63 older
adults); 29 participants were excluded due to insufficientaking data and 14
participants were excluded due to technical issueaanob their testing sessions. For
this task, fixations were analysed using a 3 x 4 x 2 x 4 mixed design ANOVA,
crossing the betweesubjects factordge Group (adolescents.young adultys.

older adults) and Training Group (W¥4.I1C vs.CFvs LD) with the within

subj ect,3ime (prevsposd tramingland Aol (mapvs. peoplevs. pathvs.

objects). Full statistical effects are reported in Table 4. 13

" Note that some of the effects are not meaningful in this analysis because proportions of
fixations for each participant/ time summed to 1.
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Table 413: Statistical effects for fixations in the face to face conversation task.
Asterisks show significance of effects, whene & .05; *** p < .001.

df F P dp?
Age Group (2, 187) .02 .98 <.01
Training Group (3, 187) .07 .97 <.01
Aol (3,561) 1838.39 < .001*** 91
Time (1, 187) .01 .92 <.01
Age Group x Training Group (6, 187) A1 .99 <.01
Age Group x Aol (6, 561) 3.85 <.001*** .04
Training Group x Aol (9, 561) .64 .76 .01
Age Group x Time (2, 187) .01 .99 <.01
Training Group x Time (3, 187) .03 .99 <.01
Aol x Time (3, 561) 22.75 <.001*** A1
Age Group x Training Group : (18, 561) 1.87 .02* .06
Aol
Age Group x Training Group: (6, 187) .05 1 <.01
Time
Age Group x Aol x Time (6, 561) .54 .78 <.01
Training Group x Aol x Time (9, 561) .33 .96 <.01
Age Group x Training Group : (18, 561) .65 .86 .02
Aol X Time

The main effects of Aol, and Age Group x Aoteraction replicated the
patterns reported in Chapter 2. Importantly, the analysis revealed a significant Aol x
Time interaction. Followup analyses compared fixations to each Aol between the
pre- and postraining sessions. Results revealed that imptiedraining session
participants looked more at the map € .20vs..14,t(198)=6.09,p <.001)and
less at the pathM{ = .65Vvs..71,t(198)=4.94,p < .001)compared to the post
training session. Proportion of time fixating people or objectsdidliffer from
pre- to posttraining ¢s < .46,ps > .65).

Finally, the Aol x Training Group x Age Group interaction was significant,
however since this effect did not include the Time variable it most likely reflects

basic group differences rather thamining effects.
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Figure 4.11: The proportion of time spent fixating each Awleach training group
at the pre and postaining session (averaged over age groups for illustration). The
plotsshow raw data points, a horizontal line reflecting the condition mean, and a
rectangle representing the Bayesian highest density interval.

4.4 .Discussion

In this Chapter, we tested whether cognitive and social abilities can be enhanced by
training the underlying EFs, and whether these training effects differ in different age
groups (adolescents, younger adults and older adults). First, we cdhsidegree

to which the aging effects on various stgmponents of social cognition reported in
Chapter 2 were replicated here. As expected, more cognitively demanding tasks
showed ageelated differences. For exampége modulated the interaction beeme

level and angle on the VSPT task, showing that level 2 judgements are more
cognitively demanding than level $imilarly, in the Director task adolescents and

older adults were less accurate than young adults to select the target object when



therewasaonf |l i ct between their own and the &
training session). Our measures of social attention also showedlagg decline,
asolder adults made fewer fixations towards their social partner compared to young
adultsduringa face to face conversaticand in turn spent more time fixating the
background (to manage the cognitive effort of maintaining the conversatidhg
navigation task @olescents and older aduitede fewer fixations towargsople
compared to young atts.

In contrast, other measures of social cognition were not subject-telatg
decline, suggesting that they are relatively automatic and cognitively effortless. For
example, older adults were more likely to make social inferences when watching
videos of others interacting compared to young adults and adolescents, which
suggests that people might becoma&tes e nsi ti ve t o ot hersd men
|l i fespan. Finally, our empathy for other:
adults showed greater pain effect on explicit ratings and greater mu suppression for
pain images than adolescents, suggesting that empathy brain networks develop then
stabilise through the lifespan.

Regarding transfer effects between cognitive abilities, we experted t
replicate our findings from Chapter 3, which showed limited indirect between
cognitive skills. The analysis of indirect training effects across different EFs showed
t hat participants® perf or ma ftraireng sesson en h an
conmpared to the pr&raining session, however this improvement did not differ across
the four training groups. This replicates the pattern seen in Chapter 3 and reinforces
our conclusion that improvements from time 1 to time 2 were due to practice with
the tasks rather than indirect training effects that would lead to transfer of skills

between specific tasks. As seen in previous research (Heinzel, et al., 2014; Karbach
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& Kray, 2009; Reed, et al., 2014), performance on the cognitive assessment tasks
differed ketween the three age groups, with young adults showing enhanced working
memory, inhibitory control and cognitive flexibility compared to both adolescents
and older adults.

Indeed, adolescents and older adults showed a greater improvement in
cognitive flexibility from pre to posttraining compared to young adults, likely
reflecting greater benefits of practice in these age groups who began with a lower
baseline ability (Davidson, et al., 2006; Diamond, 2002). Thisrelgted
enhancement effé seen on our measure of cognitive flexibility can be interpreted in
two ways. One is that these improvements reflect a mere practice effect, as seen on
the other measures of EF. The second hypothesis links to previous literature that has
revealed that WMGamboz, et al., 2009; Hartman, et al., 2001) and IC (Gamboz, et
al., 2009) are both fundamental abilities to performance in the WCST, since WM
allows us to maintain and manipulate incoming information from the sorting cards
and IC helps us to inhibit agponderant response in sorting cards according to a
certain rule. Thus, it is possible that performance on the WCST improved from pre
to posttraining becausall EF training tasks tapped mechanisms involved in success
for this task. It is important toate however, that performance also improved in the
control group (i.e. trained in a lexical decision task, which did not target any EFs),
which suggests that the former interpretation, based purely on practice effects, is
more likely.

The main aim of thistudy was to explore a novel question on whether we
can enhance social skills through EF training, thus showing indirect training of social
cognition via its underlying cognitive mechanismse Wedicted that cognitive

training could lead to improvementsthose sultomponents of social skills we



found to be most cognitively demanding here and in Chapter 2 (i.e. level 2
perspectivdaking, reference assignment, social attention), but would not alter
performance on those saebmponents of social abilitiesat are more automatic and
less cognitive demanding (i.e. social inferencing, level 1 perspdatireg, empathy
for othersé pain). Overall, our findings
generalisability of training effects from cognitive to sociairains following a 241
day adaptive training protocol.

Regarding the more cognitively demanding social tasks we found that
performance improved overall from the pte posttraining session, however the
majority of these training effects were not spedifi@ny training group. Therefore,
similar to the findings for indirect training effects across different EFs, this pattern
indicates that enhanced performance at time 2 is due to practice rather than genuine
training of the underlying mechanisms. Speaifig, on the VSPT taspgarticipants
were faster overall to | udédrgrengsebsmn avatar 6
compared to the pfeaining session, and at pdsaining, participants in the
cognitive flexibility group responded significantly fastmmpared to the other three
groups. This pattern might suggest that cognitive flexibility training taps the
underlying skills for perspectve a ki ng, such as shifting be
perspective, which leads to better performance in this typerspectivetaking
judgements. This interpretation would fit with previous studies that have shown a
connection betweecognitive flexibility and perspectiviaking (Bradford, et al.,
2015; Lin, et al., 2010; Long, et al., 201Byportantly, however, nonef our effects
in this VSPT task involved condition variables, which makes it more likely that
although training benefitted the overall speed of responding in this task (perhaps

more so following the SST training task since it involved a similar resp@tiszp,
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it did not target any of the specific mechanisms involved in perspeetsy.
Moreover, this suggests that effects of practice impacted level 1 and level 2
perspectivaaking in similar ways.

In the referential communication taggrticipantsvere more accurate and
faster to respond at the pdgstining compared to pfeaining session, and young
adults only outperformed adolescents and older adults at tteapri@g session,
showing that agdifferences in accuracy on this task were elin@dafter practice
This suggests that practice has a greater enhancing effect on the ability to understand
others when this ability is still under development (Dumontheil, et al., 2010) or
subject to a decline (Hess, 2014). Importantly, since none @& thesiges over time
differed by training group, we cannot attribute the enhanced responding on listener
only trials to any specific enhanced cognitive mechanism. Further, our measures of
realworld social attention (i.e. face to face conversation and atoigtask)
revealed that neither time or training group influenced the allocation of gaze towards
soci al objects (i.e. the conversation pal
This suggests that the way people of different ages distribute thetiaite real
world settings is not affected by cognitive training, or even practice.

Finally, wepredicted that tasks that tap more effortlesssauhponents of
social cognition would not be affected by cognitive training; this prediction was
confirmed h our data. Specifically, performance on level 1 VSPT was not modulated
by the combined influence of time and training group, thus although participants
responded faster when performing the task-frasing this improvement was not
tied to any specific E, no did it differ from the control group. In the social hierarchy
task, participants were overall more likely but slower to make social inferences at the

pre- compared to podtaining session (particularly beliefs and personality). Once

181



again, howevetthese effects were not further modulated by an interaction with time
and training group, suggesting that the effect of time reflects familiarization with the
video stimuli across the two testing ses:
task parttipants gave higher pain ratings to images at thetipa@ postraining
session, and this effect was not modulated by training group, which shows that
participants may have become sensitised to painful images due to repeated exposure
(Codispoti, et al.2007; Preis, et al., 2015) but did not experience any training
related change in their pain empathy. Overall mu/alpha and beta suppression was
greater at the posthan pretraining session, and this difference was greater over
occipital than central electdes, which reinforces our interpretation that cognitive
training did not have a specific effect on empathy and instead suggests that the
increase might reflect more gener al chan
testing sessions.

None of the scial cognition tasks revealed different training effects for the
three different age groups, suggesting that indirect training following targeted
training on EFs is not more likely in (healthy) groups who are not at their peak of

social cognition abilitis (i.e. adolescents and older adults).

4.5.Conclusions

To concludethe EF training protocol failed to elicit consistent evidence for indirect
transfer of trained cognitive abilities to any stdimponent of social cognition.

These findings raise important questions about the robustness of the relationship
betweensocialgpni t i on and executive functions,
finding of limited generalisability for skills learnt during cognitive training to

different tasks that measure a related concept. As such, they identify limitations in
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this field, highlighting he specificity of effects to particular tasks or amponents

of EF and social cognition. We will discuss some of these limitations in Chapter 5.
In the next Chapter, | will summarise the novel findings reported throughout

this thesisand integrate them with existing empirical and theoretical accounts of

social cognition to address the three key questions | set out at the outset of this

thesis. Namelygdoes social cognition differ across the lifespan? Can we train EFs?

Can we train soai cognition indirectly through cognitive training? | will also reflect

onsome of the key limitations and future directions for this work.



CHAPTER 5: GENERAL DISCUSSION
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5.1.0verview

The broad aim of this thesis was to investigate whether and how social cognitive
abilities change across the lifespan, whether they can be enhanced through cognitive
training, and whether these training effects are more effective in different age groups
(i.e. when social and cognitive skills are still developing or in decline).

In Chapter 1, | provided a definition of social cognition, which includes
perspectivaaking, ToM and empathy, and outlined some of the key theories that
have tried to explain itaihctioning. Extensive research has focused on certain
aspects of social cognition, such as how we interact in the social environment, how
we try to interpret and understand ot her
others. Previous studies in thislfl have mainly focused on one aspect of social
cognition (e.g. perspectivtaking), adopting a specific measure (e.g. false belief
task), usually in single a targeted population (e.g. children). | highlighted limitations
of this approach, emphasising tiacusing on just one isolated sabmponent of
social cognition does capture the complexity of human behaviour and the variety of
our social interactions. Moreover, investigating specific abilities in targeted
populations has led to mixed evidence ontivbesocial cognition varies across the
lifespan. Therefore, to address these limitations, in Chapter 2 | presented research
t hat examines social cognitive abilities
performance in a battery of tasks that emptbgxplicit and implicit measures to
assess distinct stdbmponents of social cognition. Specifically, to obtain a more
comprehensive understanding on whether social cognitive abilities differ between
these three age groups, we adopted six different gdskgside behavioural

responses (i.e. explicit measures), brain responses detected with EEG, and eye
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movements in the real world recorded with mobile-ggeking (i.e. implicit
measures).

In Chapters 1 and 2 | reported evidence that social cognitividesbire
impaired in aging and clinical conditions, highlighting attempts from previous
research to improve these abilities through training. However, the efficacy of this
type of training interventions is still unclear. | also reported how ToM and oagnit
functions are related, detailing evidence from the neuroimaging literature that has
revealed overlapping brain activity during social and cognitive tasks. In support of
this correlation, aging studies have reported that social and cognitive skillssseem
moderate each other across the lifespan, however whether social sustain cognitive
abilities or vice versa, and if they follow the same developmental trajectory across
the lifespan (i.e. increment until the early adulthood and a decline in the old age)
remains under debate. Among the theories that have tried to explain the relationship
bet ween the social and the cognitive c¢omj
model for mindreadingo, proposed by Appel
a dstinction between effortful and automatic processes involved in ToM
functioning. This model helps to delineate how certain social abilities are subject to
changes and/or to decline, whereas others are intact, or even enhanced in old age.
Empirical researttt has shown there is a general agreement that EFs are a good
predictor for social cognition (Carlson et al. 2004; Razza & Blair, 2009). However,
only a few studies have tried to improve social cognition by training these
underlying EFs, and these studiesé& been limited by training only a single EF,
assessing a sttomponent of social cognition on a single measure, and targeting a
specific age group or clinical population. As such, the efficacy of this kind of

intervention has not yet been establishedfarttier investigations are needed.
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Based on this work, in Chapter 3 | developed @&y adaptive cognitive training
programme that specifically targets Working Memory, Inhibitory Control or

Cognitive Flexibility, with the aim to assess the generaliggtohi cognitive

improvement from training to other tasks that measure the same EF and tasks that
measure related EFs. Finally, in Chapter 4 | applied thida®ladaptive cognitive

training programme to assess whether differertcgubponents of social cagion

can be enhanced through cognitive training, and whether effects differ in different
age groups. In the next sections | will discuss the results relative to the three research

guestions | aimed to address, detailing some of the limitations we fouinid work.

5.2.Does social cognition differ across the lifespan?

The aging literature has reported diverging evidence on how social cognition, in
particular perspectiveaking, empathy and social attention, differs across the
lifespan.

In Chapter 2, we fiond mixed results on whether social cognition is impaired
in adolescents and older adults compared to young adults. Overall, response times on
various tasks were slower in older adults compared to the two younger groups; in the
VSPT task older adults weskower to judgevherean object was placed relative to
an avatar owhatan avatar could or could not see on an object, in the referential
communication task older adults were slower to select the target object, and in the
hierarchy of social inferencesstaolder adults were slower to make social
inferences. These results are likely to reflect a general cognitive slowing that has
been shown in many previous aging investigations (Salthouse et al. 2000;
Verhaeghen, 20)1More interesting, however, some tashowed specific

impairments in social cognition among adolescents and older adults compared to
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young adults. The ability tmake level 2 judgements about how the avatar could see
the cube/number in the VSPT task was subject to age related change,umigh yo
adults showing steeper increments in reaction times with increasing angles; level 1
judgements did not differ with ag&/hen using perspective to interpret reference in
the Director taskyoung adults outperformed both adolescents and older adults when
they held privileged knowledge about a competitor object (i.e. listener only
condition), and only older adults were delayed in selecting the target object in the
listener only than shared view condition. Finatlyy two measures of social
attention in te realworld revealed reduced attention on social stimuli among
adolescents and older adults compared to young adults. Specifically, during the face
to-face conversation task we found that adolescents and older adults made fewer
fixations on the experimeatr 6 s f ace and | ooked | onger
navigation task, adolescents and older adults spent less time looking at people in the
environment. These results might suggest a difficulty to allocate attention on
complex and dynamic social stimuliting cognitively demanding tasks, such as a
reaklife conversation and navigation in real world. Overall, evidence from these four
tasks of social cognition suggest that -agjated developments and declines occur
across multiple subomponents of sociabgnition, and are likely to represent broad
changes in mentalizing ability. These patterns therefore fit with the predictions from
Apperly and Butterf il I-cofippnerisdof)sécal cogoitbre | ,
are cognitively demanding and therefstéject to a decline in older age.

However, we also found evidence that some®uhponents of social
cognition are stable or even enhanced over the lifespan. Older participants were
more likely to infer mental states when watching others interacting in the hierarchy

task compared to botldalescents and young adults. The older participants therefore
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seem to show a greater sensitivity in detecting mental states, despite showing explicit
di fficulties in using these mental state:
demanding task®(g. Ferguson, et al. 2015). It is important to note however, as
mentioned in Chapter 2, that older adult:
overuseofcausef f ect i nferences. I n the empathy
ratings revealed greater pain effect (paws.no-pain images) among young and
older adults compared to adolescents. EEG data revealed that older adults showed
overall lower mu/alpha and beta suppressions compared to young adults, and these
age differences were greatesepthe occipital sites. This general pattern is likely to
reflectenhanced attentional processes among young atiabsén & Bishop, 2017;
Perry et al., 2010More importantly, the three age groups differed in their mu (alpha
and beta) suppression resperio pain. In the alpha range, mu suppression to pain
images was greater in the young and older adoltgpared t@dolescents, and in the
beta range mu suppression to pain images was greater among oldecadphsed
to bothadolescents and young adulthese findings demonstrate that mu/alpha
rhythm can reveal agelated changes in empathy (Isaacowitz & Stanley, 2011;
Ruffman, et al. 2008; Sullivan, et al. 2017), but importantly that older adults are not
impaired at recognising and respondingtootied pai n. These patter
consistent with the predictions from App:
some sulcomponents of social cognition are relativalytomatic and cognitively
efficient so are less susceptible to age declines

The disthct patterns of social impairments with age that we have revealed in
different subcomponents of social cognition also inform theoretical modéss.
described in Chapter 1, Apperly and Butterfill (2009, 2011; see also Apgéay)

detailed one of the first theoretical frameworks that links social abilities with
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cognitive mechanisms, the &6two systems mi
development, this model proposes that basic social inferences that do not rely on
cognitive abilities are spontaneously activated much earlier than four years old, the
age at which children are known to pass explicit tests of false beliefs. The model also
proposes that development of more sophisticated forms of social interaction
continwes through childhood and adolescence as they rely on increasingly complex
cognitive mechanisms, which are known to develop over a protracted period into
early adulthood (Best & Miller, 2010; De Luca et al., 2003). Finally, the model
accounts for a decline more cognitively demanding social abilities into older age,
as ageelated declines in cognitive functioning are relatively robust due to changes
in the frontal lobes, specifically agelated volume reduction in the prefrontal cortex
(GunningDixon & Raz, 2003). Carruthers (2016) suggested a similar model linking
social and cognitive processes, but argues that a single mindreading system can
account for the need to recruit cognitive resources during some mindreading tasks.
This single system operatesarairly rudimentary way in early infancy, based on a
set of conceptual primitives and thougtttributions. It becomes increasingly
efficient from infancy to childhood through a continuous period of development, as
social and communicative experiencewspcognitive and language mechanisms
mature, and the connection between mindreading and cognition strengthens.
Importantly, this model predicts that success in social interaction will vary
depending on the demands placed on executive function and langatgef which
are subject to ageelated decline.

Our data provide support for this link between social and cognitive processes
and seem most consistent with the predict

mi ndreadi ng®d pr oposedO0)bAy pretliptgd by thisynodelt al . [
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those aspects of social cognition that are cognitively efficient did not show changes
with reduced cognitive abilities, whereas those cognitively demanding aspects of
social cognition declined with agelated reductions ioognitive abilities. At the

same time, our data could also be explained by the single mindreading model
proposed by Carruthers (2017), which suggests that EFs can be recruited when
mentalising when required. However, in contrast to the Apperly modemtusl|

would suggest that any ToM task could be cognitively effortful if EFs are weak (e.g.
in infancy), which is at odds with our finding of some seemingly effortless ToM
inferences even in older age when EFs have deteriorated. Importantly, both models
canaccount for the different scenarios we can encounter in our everyday life and
reflect the complexity of social and cognitive processes across the lifespan. Further
research is required to systematically manipulate cognitive and language constraints
on soqal cognition to distinguish these two models.

How we can explain these aging differences? The answer might be found in
structural changes in the brain areas that are involved in social cognition. Major
changes can be found in prefrontal areas that undgrgaptic pruning during
adolescence and in older age; grey matter reduces and functional connectivity in
fronto-parietal neural networks decreases (Maddexh. @010 ), which leads to a
consequent recruitment of additional brain areas (Hong et al.,.2ad6over,
changes in whitenatter and impoverishment of brain volume (Rabbi#tle2007a
and 2007b) seem to underly a general slowing in older adults. It therefore seems
likely that these changes in brain structure and activity can sustain diffenences
performance in adolescents and older adults compared to young adults.

The current empirical work aimed to address some of the key limitations

form previous work. For instance, the mixed evidence on aging and social cognition
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could reflect the use of dérent tasks to measure different stdmponents of social
cognition (e.g. Strange stories or False beliefs tasks) via diverse modalities (e.g.
audio, visual). Therefore, divergent performance on ToM across the lifespan can be a
result of adopting a singkgpecific measure presented through a certain modality

rather than a general aging effect. Another limitation of previous work is that explicit
behaviour al measures are not sufficient
cognition Hence it is imprtant to adopt a large battery that employs different

stimuli and examines social abilities through diverse modalltigbe current study

we also addressed previous limitations of small samples, usually focused on one age
group and one aspect of soaalnition. In fact, our results show the importance to
adopt a large battery of tasks that tap differentrmponents of social cognition

and to use a broad range of explicit and implicit measures. Nevertheless, though our
general approach, testing mple subcomponents of social cognition, using a range

of measures, in large samples of participants that vary across the lifespades

valuable new insights to this area, some limitations remain.

First, earlier studies have demonstrated a difficligllocating attentional
resources in older age. In particular, older adults seem to struggle in focusing on
certain aspects of a scene, certain stimuli: in tdder adults experience difficulty
in suppressing irrelevant distractors (Gazzaley et @52Zanto, et al. 2010) and
employing selective attention (Engle & Kane, 2004)ese more general attention
impairments in older adults might therefore underlie some of the difficulties that
emerged in our social cognition tasks, since all those tagksatbealed impairments
in older age required participants to focus their attention on specific features of a
scene and ignore distractors. Future investigations might answer this key question by

including measures of cognitive attention, and using thssatistical models to
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partial out influence from general attention and isolate the social attention processes
more specifically.

Second, in the eyacking tasks it is possible that some age differences
might reflect norsocial differences between ag@gps. For example, older people
might be less confident in walking due to reduced motor capacities or problems
related to their posture, which in turn forces their attention away from the social
environment and onto the path and obstacles in front of ©é&er adults might
also have reduced vision, meaning that they fixate longer on fixed physical objects
that can help them to navigate in an unfamiliar space. Finally, older adults
experience greater difficulties with memory and as such may be more ogliant
frequent checking of the map and signage to stay on task.

Another important point to consider is the use of implicit measures to assess
agerelated changes, such as brain activity andteyaking fixations. The quality of

data detected with EEG andegtyacking can change between different ages. As

highlighted by Zappasodi et al. (2015),

integration of the brain networks during development and maturation, as well as the
loss of synaptic connections and ranal apoptosis in physiological brain aging,

al so result in a change of dynamics of
tracking literature has pointed out how eye movements detected in the lab can be
affected by aging (Dowiasch, et al. 2015p8per, et al. 1980). Moreover, the use of
implicit measures without a direct explicit measure means that we must infer the
social/cognitive processes or behaviours that the implicit effect reflects, and this
might not always be accurate. It is relevarkeéep in mind these considerations

when looking at age differences across the lifespan.
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5.3.Can we train EFs?

Broadly, our research on cognitive training addressed some important concerns
about training interventions raised from previous studies, and ainpedviole a

more thorough understanding of the generalisability of training effects within and
between EFs. Firstly, we employed an appropriate control condition (i.e. an adaptive
training protocol that did not target any EF) in order to compare poteaairshg

effects in the experimental groups. We specifically avoided using a passive control
group with limited contact with the experimenters (i.e. only during thegm post
assessment sessions), or an active control group that practised with iay thetivs

not cognitively demanding. Another important point was to challenge our
participants with an adaptive training. Practicing with no changes in difficulty can
prevent participants from pushing themselves, so that might lead to no
improvements. Lstly, we recruited a large sample size to identify and compare
training effects; we tested 160 participants for the experiment reported in Chapter 3,
and 232 participants for the experiment reported in Chapter 4.

Results from Chapter 3 are in line wittepious findings, reporting robust
evidence of direct transfers (improvements in the same trained task), however
limited indirect transfers (near and far) were detected. These findings contrast with
previous studies that have shown near transfer improverfaltwing WM training
(Heinzel et al., 2014, 2016; Maraver et al., 2016; Thorell et al., 2009; Li et al., 2010),
IC training (Berkman et al., 2014; Enge et al., 2014; Thorell et al., 2009), or CF
training (Karbach & Kray, 2009). In Chapter 3 we testednger adults who are at
the peak of their cognitive functioning. This might represent a limitation in finding
transfers to other tasks due to an already dloseiling performance. In Chapter 4,

we expanded our sample to include adolescents and oldes aslwell as young
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adults, but again we found evidence for indirect training across different tasks that
measure the same EF, or across tasks that measure different EFs. Both chapters
showed improvements with practice from @ posttraining, but no eidence for
genuine enhancement in cognitive functioning. This practice effect was particularly
noticeable on the WCST measure of task switching as adolescents and older adults
performed significantly higher at the pdsdining session, likely due to aner

baseline performance compared to young adults and therefore greater opportunity to
benefit from practice. In sum, we can then conclude that overall, the efficacy of
cognitive training interventions is inconclusive, and more investigations are needed.

Based on previous research, we might have expected to see training based
improvements in adolescents and older adults since the brain is undergoing more
structural changes. In their metanaly&iarback and Verhaeghen, (2014) for
examplereported clear nedut limited fartransfers in old age after training in WM
or CF. Zinke et al. (2012) found a reduction in switching costs in adolescerits (10
14 years old) after CF training, and reported near transfer effects to other CF
measures, far transfer to WVsta and a general reduction of reaction times. Our
results did not confirm any clear indirect training effects.

When interpreting the current findings, it is important to note that in general,
transfers are expected when there is a high degree of ovetlapdan the underlying
processes involved in the different tasks (Buschkuehl, et al. 2012). In this work, we
have included different assessment tasks from those adopted in the training, so that
any transfers could be related to improvements in performartbat cognitive
ability rather than shared strategies or response requirements between tasks. It may
be then, that near transfer training effects did not emerge because the tasks we chose

did not share sufficient cognitive processes to those used drainipg. Relatedly,
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issues around task impurity (i.e. the degree to which multiple EFs are recruited in
different cognitive measures) mean that it is difficult to accurately isolate just one EF
for training or assessment, and performance is likely tocteftentributions from

several EF components. Previous research has shown that EF processes moderately
correlate with each other (i.e. unity) but are also distinct (i.e. diversity) from each
other (Miyake et al. 2000; Friedman et al. 2006).

There are alsogssible limitations with the choice of dependent variables we
used in each task. To keep our analyses consistent across the training tasks we
analysed accuracy or reaction times. However, other measures could be explored
such as variance in the Stop SigRelction Times (SSRT) and flanker effect (rt
compatible trail§ rt incompatible trials), or absolute scores for the OSpan (i.e.
number of letters recalled in the right order). It is possible that implementing
different dependent variables would yieldfeient results since they might tap a
slightly different construct. Future work should aim to balance the need for
consistency across tasks, and optimal task measures.

Another possible limitation to detecting training effects, is that our statistical
anay ses did not control for participantso
participants scored at the praining session is likely to predict their performance at
the posttraining session and their capacity to improve. The literature proposes two
accounts to explain this: the magnification account in which participants with high
performance before the training intervention will obtain higher scores at the post
training session, antbmpensation effecta which participants who gained the
lowest scoretahe pretest, achieve higher scores at pinaining session (Lovdén, et
al. 2012). Followup analyses therefore should aim to include baseline performance

as a covariate.
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In contrast with some other studies that adopted a mixed approach to train
multiple EFs in one protocol (Nouchi et al. 2012; Ballesteros et al. 2014) or an
intervention that targeted one specific EF (Jaeggy et al. 2008), our training focused
on training several individual components of EFs. This seems to be a strength
because training uitiple EFs at the same time might reduce the time spent training a
specific cognitive component, diminishing the power of transfer effects. Moreover,
limiting the training protocol to just one component of EF would not explain the
variety of difficultiesor strengths that can be encountered in a sample, especially in
diverse aging populations. Further analyses might aim to examine whether specific
individual difference features help us identify those individuals who might benefit
most from a cognitive traing protocol. For instance, it has been suggested that
older age individuals are likely to vary more from each other than young adults do
(Buitenweg et al. 2012).

In sum, the EF training interventions reported here contribute to debates
around the efficacof training interventions across the lifespan, and the key
methodological considerations. It is notable that the training literature on adolescents
is very small. For instance, WM training with adolescence is restricted to early
adolescence (~ 11 yearslipLoosli et al. 2012). Cognitive interventions with older
adults are typically restricted to WM and CF, whereas less attention has been given
to training IC. Previous research has used IC measures as an assessment task
(Davidson et al. 2003), or has atlegh the Stroop task for IC training but not
included a control group for comparison (Wilkinson & Yang, 20ER)ther
research is needed to further explore this field, particularly to understand the

conditions under which cognitive skills transfer, and loognitive training effects



are influenced by neuroplasticity and physiological changes across the lifespan (Park

& Bischof, 2013; Ballesteros et al. 2018).

5.4. Can we train social cognition through cognitive training?
Our results showed limitegeneralisation effects of cognitive training interventions
on social cognition. Following previous studies highlighting the relationship between
EFs and perspectiviaking Hartwright et al. 2012L.in, et al. 2010 Qureshi &
Monk, 2018; Bradford et al. 261 Cane et al. 2017; Surtees et al. 2018€)
expected to find improvements in those-sonmponents of social skills that are most
cognitively demanding. First, our data replicated the lack of indirect training across
different tasks of EFs, or across difént components of EF. More importantly,
while most of our social cognition tasks showed a general improvement in
performance from the préo posttraining session, these effects were not specific to
any training group. This suggests that general impnaves on the tasks reflected
enhanced familiarity with the tasks, and that owda$ cognitive training protocols
did not sufficiently alter the cognitive processes that underlie social cognition.

Our results are therefore in line with some earlier itigasons that have
failed to observe generalisability of far transfers to other far constructs, such as
academic skills and emotion regulation (Melbsrvag & Hulme, 2013; Sala &
Gobet, 2017)A crucial aspect of effective training protocols seems tthbektent
to which the trained and the assessed abilities share similar procedures, therefore
future research should aim to employ tasks with greater overlap in these procedures.
In sum, despite the use of a big sample and a wide battery of tasks, #sr resu
suggest that training unique EFs cannot enhance transfer effects on more distant and

complex abilities.
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These findings are in contrast with improvements in social cognition that
have been reported by previous research (Kloo & Perner, 2003; Santiestaban
2012). It is likely that methodological differences between the studies are
responsible. For example, Kloo and Perner found improvements in false belief
understanding following a cognitive flexibility training in 3 and 4 year old children.
The aubhors adopted a Dimensional Change Card Sorting task (i.e. DCCS) as a
measure of cognitive flexibility, which has previously been found to be correlated
with the falsebelief task (Carlson & Moses, 2001; Perner & Lang, 2002). As such, it
is likely that theEF training and social cognition assessment tasks Kloo and Perner
used had a higher degree of procedural overlap than the tasks employed here. In
addition, the population tested was in an age period that is particularly sensitive to
ToM changes (3 yearsold), and might therefore be more likely to show
improvements from a baseline as a result of trainrmgnother study, Santiesteban
et al. (2012) revealed that healthy young adults showed improvements in
perspectiveaaking following training in imitatiorinhibitory control, but not after
either imitation or inhibitory control training. This suggests that training either social
or cognitive abilities in isolation, cannot enhance ToM, and that more effective
transfer of skills can be achieved by traininght@ined aspects of social cognition
(e.g. Bradford et al. (2015) showed that
with a social facestroop task). Moreover, transfers were limited to perspective
taking (i.e. the ability to distinguish between thd aad others), but did not
generalise to other measures of ToM such as false belief understanding. It is also
important to acknowledge that Santiesteban et al. (2012) did not include a baseline
assessment of ToM performance before the training intervemttuinh makes it

difficult to quantify the real efficacy of the training intervention.



An important limitation of our work is that we did not assess whether age
related changes on our social cognitive tasks were genuinely mediated by changes in
EFs, andfiso which ones. This link was assumed based on previous research
showing clear development and declines through adolescence and older age,
respectively, but due to time and space limitations in the PhD we did not formally
test it. Further analysis of tloeirrent data is needed to test whether each of the sub
components of social cognition tested here relied on EFs to better understand the
links between the EF training tasks and social cognition. Moreover, since our results
from Chapters 3 and 4 failed tmd any evidence of indirect training from one EF
task to another EF task, we can assume that the underlying EFs have not been trained

effectively, thus the chance of additional generalisation to the social domain is weak.

5.5. Methodological considerations

Although the use of ecologically valid methods (i.e.-veatld eyetracking) is a key
strength of the current work, employing such unconstrained methods also raises
some limitations. For example, people might alter theirwaald looking behaviour
while wearing eydracking glasses, as knowing that their gaze is being monitored
makes them feel more selbnscious about where they are looking. The effect of
being watched is likely to have a particular impact in looks to social content in our
tasks, as padipants avoid staring at other people to conform with cultural norms
and as a means of reputation management. In line with this, Canigueral and
Hamilton (2019) revealed an O6audience ef|
look at their conversation gaer, but more likely to act preocially, when they

believed they were being watched live by the other person. In addition, we note that

the number of people that participants encountered during the navigation task, and
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the context in which they appear@dg. individualsss.groups), differed between
participants due to factors such as time of day, stage of the academic year etc. Since
participants were tested throughout a two year period and age groups were recruited
in parallel, we do not think thesefférences could have influenced age effects on
social attention, however it is important to note that lack of availability may have
contributed to the overall low proportion of time spent fixating people in this task.
Foulsham et al. (2011) recorded soaténtion in an outdoor University setting and
reported ~22% of gazes were on people, compared to ~5% in the indoor University
setting here. Nevertheless, both tasks showed the same general pattern that people
made fewer fixations to people compared thezi objects or the path.

More generally, it is possible that characteristics of the people in our real
world environments elicited in/owgfroup effects on social attention (Simpson &
Todd, 2017; Todd, et al. 2011; Savitsky, et al. 2011), and that tleeses may have
influenced age group effects. Specifically, the experimenters who led thmface
face conversation were young adult females (aged ~25 years old), and the majority
of people encountered in the navigation task were young adult studentstitieie to
campus University setting. Previous research has shown that aagawias
enhances performance in a range of social perception tasks (e.g. Bailey et al. 2014;
Melinder, et al. 2010; Rhodes & Anastasi, 2012; Slessor, et al. 2014), including
heightend attention towards faces that are in the same age category as the perceiver
(e. g. Bail ey et al. 2014) , superi or memo.
& Anastasi, 2012), and enhanced -g@ze following for owrage faces (Ferguson, et
al., 2018; essor et al. 2010). Indeed, young adults may be more susceptible to these
in-group biases than older adults (Slessor et al. 2010). Thus, future research is

needed to systematically vary the soci al
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increased likelibod t o fi xate on the extp@facei menter 6
conversation or to people in the navigation task reflects a general social processing
advantage in this young adult group, or a more specific preference to look at people
from one édreup.dveraoves, g will bg important to understand whether the
reduced social attention seen here among adolescents and older adults is attenuated
when more owrage people are available in the environment. This is an especially
interesting question for atBscents who argarticularly sensitive to their social
environment (Peper & Dahl, 2013), and are thought to preferentially orient to their
sameaged peers (Blakemore & Mills, 2014)nderstanding the factors that
influence realworld social attention is @tal next step.

Another important methodological consideration stemming from the work
presented here relates to the choice of training intervention. As discussed in Chapters
1, 3 and 4, researchers have tested numerous interventions with the ainnofrgnha
peoplesd cognitive capacities and soci al
research on the O0soci al braindé has invol
Stimulation (tDCS), a safe, nanvasive technique for modulating neural activity by
appling a weak current to the skull (Sellaro et al., 2016; Santiesteban et al. 2015;
Adenzato et al. 2017; Martin et al. 2017). Martin et al. (2017) state that excitatory
i a noda lincreaseBh€ kelihood of neuronal firing, whilst inhibitory
Aicat hodal dgedsedherikellh@d of mearonal firing. Studies using tDCS
have reported intriguing results, including the presence of sex differences in the
results outcome; for instance, tB@dministered to the dorsaledial prefrontal
cortex (dmPFC) showed improved cognitive ToM performance for females only,
with no I mprovement iIin male participant s

(Martin et al., 2017) and attribution of intentions (Adeto et al., 2017) tasks. It has
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also been shown that tDCS administration can enhance adaptive cognitive control in
both younger (Gbadeyan et al., 2016) and older (Gbadeyan et al., 2019) adults,
highlighting the potential beneficial effects of tDCS onritige abilities. These

results provide a promising basis for future research, including examining
improvements in social cognition task performance that may be encouraged by tDCS
administration for individuals at different ages experiencing declineginghcial
cognition capacities.

Another approach to cognitive decline intervention is increased engagement
in physical activity, particularly aerobic and strength exercise, which have been
shown to benefit cognition abilities (e.g., Colcombe et al. 2B66kson et al. 2011;
Voss et al., 2010). These benefits are argued to be selective, with studies showing
that increased physical activity specifically leads to an improvement in executive
control processes (Colcombe & Kramer, 20QBamer & Willis, 2003. These
results suggest that physical activity can positively impact cognitive functioning in
older ageGiven that research has indicated a strong link between social cognition
abilities and executive functioning capacities (e.g., Bailey & Henry, 200& €an
al., 2017; Bradford et al., 2015; German & Hehman, 2006), improvements in
executive functioning as a result of engagement in physical activity could ultimately
also support improvements in social cognition abilities in older age. Gheysen et al.
(2018)suggest that the optimum intervention for mediating cognitive declines seen
in older age may be to combibeth physical activity and cognitive interventions,
with the key component of interventions being that they challenge the individual to

allow positve cognitive effects to be achieved (see also Zhu et al. 2016).
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5.6. Future directions

In terms of potential training effects, future research should aim to probe a broader
range of transfer effects, using different measures to assess quality of everyday life
pre- and postraining, with particular attention to social and cognitive skills.
Anecdotally, some of our participants, especially in the older adult group, reported
some improvements in everyday life such as remembering more information, and
sustaininggt enti on. This reinforces the i mport
world experiences of social and cognitive functioning, alongside more controlled
lab-based assessments.

Due to constraints of the PhD, we did not have the time to test a raigielte
adult group (i.e. participants aged-@0), leaving open questions about when-age
related changes first emerge in the differentsoimponents of social cognition and
EFs. As mentioned in Chapterdgerelated changes in EFs are well established, but
differences in their magnitude and trajectory exist between differemiosaponents
of EF. Some aspects of cognitive decline begin fron8@¢ears old, and decreasing
at a faster rate with increasing age (Salthouse, 2009; -Magloux et al., 2012).
However Nilsson et al. (2009) pointed that these claims have been based en cross
sectional studies, whereas when looking at longitudinal data, the cognitive decline
starts much later (i.e. ~ 60 years). Recently, some studies have begun to examine
agerelated chages in social cognition in middle age. For example, Brunsdon et al.
(2019) found that mirror neuron activity during action observation increases linearly
throughout adulthood and not from the onset of older age, around 65, as previously
thought. Similarly Br adf or d et al . (2020) examined
narratives and found that adults became increasingly likely to intéafsebelief

events from an egocentric perspective with increasing age (linearly fr@&é J€ars
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of age).More researcls needed to further explore social cognitive processing in
middle aged adults.

Although we employed a battery of tasks to measure social and cognitive
functioning, it would be useful to continue expanding this battery, or conducting
secondary analysis afiditional measures for the existing data, to assess specific
predictions about social cognition across the lifespan. For instance, in the empathy
for othersé pain task it would be wort hwl
suppressions analysis with ERPsjra€heng et al. (2014) and Mella et al. (2012).
Studying ERPs components provides a valuable insight to the temporal nature of
brain responses, and can be indicative of emotional and cognitive arousal in response
to empathy stimuli, therefore could helpidentify an attentional and an empathic
response. Future data collection could also aim to target specifaosytonents of
social cognition and systematically increase the cognitive effort involved to test
predictions about the role of EFs (i.e. test finedictions from Apperly and
Butterfill, 2009) and impact on aging populations. As mentioned in Chapter 1, social
cognition is characterized by different sciomponents and each of these can be
assessed through different tasks. Given the great attéhéibhas been given to
mindreadingfuture research might also include other tasks focused on emotion
recognition, which seems to differ across genders (Martin et al., 2017; Richter et al.,
2011), age (Mill et al., 2009; Philips et al., 2002; Richter.efall0; Sullivan &
Ruffman, 2004b) and psychiatric disorders (Brine, 2006kgddition, researchers
should aim for ecologically valid measures alongside tigtalytrolled labbased
tasks, for example assessing everyday life quality, or wsitgal reality to immerse

participants in social situations in which individual variables, such as a virtual
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character 6 s -grpup mgrdbeaship, oan beisystenoatically manipulated
while other factors are fully controlled

Finally, our sample was takérmom a healthy population, who were confident
in using a PC, and had no particular health limitations, or current neurological or
psychiatric disorders. This suggests an already high level of general functioning
among our participants and consequently tin@y have been close to a ceiling
effect on performance. Future research might wish to investigate whether the training
intervention is more effective with clinical populations, as suggested by previous
studies with autisticKisher & Happé, 2005; Golan BRaronCohen, 2006) and

schizophrenic participants (Hooker et al., 2012).

5.7.Conclusions

Understanding others involves a complex set of social and cognitive skills. It

requresus t o understand and predict otherséo
states and emotions, but also distinguishing these mental states from our own.
Inferringothes 6 i ntenti ons, beliefs, and desires:s
sources, and it is easy to misunderstand
negative consequencéldbtaining a deeper understanding of how social cognition

changes across thiekspan is important because social interactions are an essential

part of our lives; failure of these can lead to isolation and loneliness in all ages.

Recent research hdemonstrated that social development continues through

adolescence and well into auventies (e.g.Blakemore, 2008Dumontheil et al.,

2010 and that specific impairments in these abilities emerge with increasing age

(e.g., Bailey & Henry, 2008; German & Hehman, 2006; Phillips et al., 2(1d¢r

20¢



age is associated with reduced oppatjufor social interaction and increased
difficulties on social tasks.

This thesis aimed tmvestigate whether and how social cognitive abilities
change across the lifespan, and whether we can enhance them by training the
underlying cognitive functions. &oss three empirical chapters | presented evidence
from large samples of participants, comparing adolescents, young adults and older
adults.An importantstrength of the work presented here is the broad range of tasks
used to examine multiple stdomponets of social cognition, including ecologically
valid realworld measures of social attention and implicit measures of empathy for
ot her sTie experiments included behavioural measures, as well as mobile eye
tracking and EEG, and the work in Chapt2i@nd 3 was preegistered to reduce the
risk of publication and inference bias.

Theconclusions can be summarised in three points: i) Age modulates
different subcomponents of social cognition in distinct ways, though more
cognitively demanding componerase more likely to suffer a decline in older age,

i) Cognitive training interventions can clearly bring direct improvements in the
trained tasks, however near and far transfer of skills are limited, iii) Cognitive
training has limited if any benefits smcial cognition, even in those sabmponents

that are thought to rely most on cognitive abilities.
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Physical Pain Stimuld. ustaskk i n the empat h?




No Physical Pain Stimuld. used in the emp:
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Social Pain Stimuliused intteemp at hy f or ot hersé6é pain tas

,:/ i ‘M ‘

N

264















