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1. Abstract

Thinking about the future can take numerous fonasying from planning actions to
foreseeing possible scenarios by means of knowledgk informed guesses, or
speculations and intuitions, or imagination andatiwgy. Different cognitive
processes are needed for each of these diffenges f future thinking. This thesis
encompasses a series of experiments both on heattlunteers and on brain
damaged patients, revolving around the issue ofutleuThinking” (FT) that is the
cognitive ability, specifically human, of envisagione’s own future. The concept of
FT and the relevant literature are presented asmudsed in Chapters 2 and 3.

The ability to foresee has been normally assumeelyoon the reconstructive nature
of episodic memory. This hypothesis is investigate@hapters 4, 5 and 6. In these
chapters data on young adults, who mentally preseepced autobiographical

episodes, are presented to investigate which typeue would elicit richer

visualizations and to explore possible differenlbesveen temporal and a-temporal
scene construction. The findings from these expamision healthy volunteers call
for a deeper understanding of the relationship betwpast experience and FT.
Chapter 7 discusses results revealing that aM@matproduced fewer episodic but
more semantic details for both past and future &syesms compared to controls,
suggesting that reminiscence and FT are the expres$ the same neurocognitive
system. However, contrary to what was generallyudghd, data on patients with

Parkinson Disease with spared memory performangerted in Chapter 8 and 9
show that FT is not entirely dependent on memong ¢he hippocampus), rather the
results suggest that poor performance in FT isciestsal with poor executive control.
In Chapter 10 two patients affected by dense arar@® investigated. Chapter 11
presents a single case exhibiting florid confaloitat The results confirm that

although amnesia is associated with poor performamt FT, memory deficits

cannot account for the entire picture of FT dediclhdeed, dysexecutive symptoms

play an important role in eliciting FT deficits.

10



In its conclusions (Chapter 12) therefore, theithpestulates that FT is supported by
a wide range of cognitive abilities. In particularecutive skills, rather than episodic
memory, hold the lion share in our ability to emge our own future.

11



1.2 Riassunto

Esistono diversi modi di pensare al futuro, che p@ndono la pianificazione di
azioni, la previsione di possibili scenari utilirold conoscenze pregresse,
speculazioni, intuizioni, 0 anche immaginazionereativita. Per ognuna di queste
differenti modalita sono necessari molteplici ps®ie cognitivi. Questa tesi
comprende una serie di esperimenti, svolti siapgmsone sane che con pazienti con
danni cerebrali, volti ad indagare l'abilita cogwat, peculiare del’'uomo, di
immaginare il proprio futuro. Il concetto di costaiun futuro immaginato e la

letteratura rilevante sono presentati e discusstapitoli 2 e 3.

Si assume normalmente che la capacita di immagihpareprio futuro dipenda dalla
natura ricostruttiva della memoria episodica. Tiptgesi € analizzata nei Capitoli 4,
5 e 6, che presentano dati su giovani adulti ckeepperiscono mentalmente episodi
autobiografici, valutano quale tipo di cue eliotisualizzazioni piu dettagliate ed
esplorano la differenza che intercorre tra costmizili scene temporali e atemporali.
| risultati di questi esperimenti su partecipandinisindicano una meno ovvia
relazione tra esperienze passate e costruzionfuteto. Il Capitolo 7 discute i
risultati che rivelano che i pazienti con aMCI pnodno meno dettagli episodici ma
piu dettagli semantici sia quando ricordano espeee passate che quando
costruiscono esperienze future, rispetto ai cdntrelggerendo che ricordare |l
passato e immaginare il futuro sono espressiotn d&¢sso sistema neurocognitivo.
Tuttavia, contrariamente a quello che si pensadatiiraccolti su pazienti affetti dal
morbo di Parkinson, con memoria intatta, riponteti Capitoli 8 e 9 mostrano che la
capacita di immaginare scenari futuri non dipenakeramente dalla memoria (e
dallippocampo). | risultati suggeriscono piuttostee difficolta nel costruire episodi
futuri riflettono disfunzioni esecutive. Il Capiol10 riporta i casi di due pazienti
affetti da una severa amnesia e il Capitolo 11gmm@sun caso singolo che genera
floride confabulazioni. | risultati confermano clse, € vero che la perdita di memoria
si associa a difficolta nella simulazione di scehauri, & vero anche che i deficit di

memoria non possono spigare interamente il quaidua’dventuale compromissione

12



dellimmaginazione del futuro. Infatti, sintomi @&ecutivi comportano marcate

difficolta nell'immaginare episodi futuri.

Nelle conclusioni (Capitolo 12), infine, si suggee che I'immaginazione di episodi
futuri sia supportata da una serie di abilita cbgaipiu vasta di quella che era stata
originariamente postulata. In particolare, le foamiesecutive, piu che la memoria

episodica, giocano un ruolo di primo piano nellatreabilita di pensare al futuro.

13



2. Predicting the future ' (a divertissement)

“There is no such thing as predicting the futurellys Sally in Woody Allen’s You

will meet a tall dark stranger. But people haveoagit nevertheless. Sally’s mother,
her husband and even herself fantasize about myetttenstranger of their dreams.
“If you can see into the future, how come you didmiow | was gonna jump out a
building and land on top of you?”, asks Boris toldt@ (Whatever works, Woody
Allen). “Humans have the ubiquitous capacity to gina, plan for, and shape the
future (even if we do frequently get it wrong)” (®lendorf, 2006, p. 1006). And
they do so for various reasons. Many dilemmas, nwréess ordinary, can be
approached by projecting oneself forward in timel amvisaging how different

variations of the event will turn out. Max usesutufe picturesque homely setting to

persuade his friend to leave the vessel, whereabahvays lived:

You'll introduce me to the mother of your childrand invite me for
a Sunday dinner. I'll bring the dessert and a baiflwine and you'll
tell me that | shouldn’t have and you’ll show mewrd your house
shaped like a ship. Your wife will be cooking akiey and, while
we’ll sit at the table, I'll tell her that she is &xcellent cook. She’ll
say that you talk about me all the time. (The legeh the 1900,
Giuseppe Tornatore)

Quentin Tarantino’s Pulp Fiction begins with Punmpkind Honey Bunny providing
a “reasonably good script of going to a restaurgAtance and O’Neill, 2001, p.
536) and scrutinising it, in the attempt to forepesbable hazards:

[Restaurants] are not expecting to get robbed. $ame as banks,
these places are insured. Manager [...] he’s jysidg to get you out
the door before you start plugging the diners. Yéages? [...] no
way they're taking a bullet for the register. Bugbosome wetback

' de Vito S, and Della Sala S. Predicting the fut@Qertex,47( 8), 1018-1022, 2011.
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getting paid $1.50 an hour, really give a fuck yeistealing from the
owner? Customers sitting with food in their moutiit©iey don’t
know what's going on. One minute theyre having @nider

omelette, next minute, someone’s sticking a guhair face.

Most people can mentally cast themselves in hypictlescenarios and imagine
related complex details. “Imagine there’s no caestit isn't hard to do”
(“Imagine”, John Lennon). This ability, variouslgtdelled as episodic future thinking
(Atance and O’Neill, 2001), prospection (Bucknerd a@arroll, 2007), proscopic
chronesthesia (Tulving, 2002) or mental time trag@uddendorf and Corballis,
2007), allows humans to examine the possible @agtiikely to be elicited by the
subcortical systems in certain contexts (Gilberd ¥ilson, 2007). Towards the end
of Clint Eastwood’s Hereafter, George, who usedwvtwrk as a psychic, has an
appointment with Marie. He is sitting at a caféessher arriving and looking for him,
but he hesitates for a while to stand up from #idet and reach her. He imagines
Marie and himself very close, holding and kissiragte other. This scene makes
George smile and persuades him to meet her. Remnbimaging studies have
revealed the neural regions that are engaged ddln@gconstruction of possible
future events (for a review see Schacter et aD8P0At odds with what common
sense would suggest (“past is fact and futurecisofi”, Suddendorf and Corballis,
2007, p. 302), most of the areas associated witirduepisodic thoughts have also
been reported to be active when remembering pasttevThe most frequently
observed among these regions are the medial ptafroortex, the lateral temporal
cortex, the posterior regions of the medial andrdtparietal cortex encompassing
the posterior cingulate and retrosplenial regioamsgd the medial temporal lobe
including the hippocampus. The same regions betonthe “default network”, a
brain system that participates in internally foalskinctions, involving also
autobiographical retrieval and imagining the fut(Beickner et al., 2008). In light of
such observations, it seems reasonable to propaseetcalling past events is closely
related to the ability of envisaging future onestiNng new, if we think that
Immanuel Kant had the same insight in 1798:

15



Recalling the past (remembering) occurs only wité intention of
making it possible to foresee the future; we lobkwt us from the
standpoint of the present in order to determineetbing, or to be
prepared for something. Empirical foreseeing is dhécipation of
similar cases dgxspectatio casuum similigmand requires no
knowledge of causes and effects, but only the repeeimg of

observed events, as they usually follow upon edbleroRepeated
experiences help to develop skill in empirical apttion.

(Anthropology from a Pragmatic Point of View, Imnuah Kant, p.

77)

Edmund Burke maintained that one “can never plarfuture by the past” (Letter to
a Member of the National Assembly, The Works of Right Honourable Edmund
Burke, Vol. 4, p. 55). Confucius disagreed: “stutg past if you would divine the
future”. Do we really need the past to imagine fileeire? The literature provides
controversial findings. Should this be the casenesit patients ought to exhibit
severe impairments in simulating their future. lkedle people with memory
impairments, observed, among others, by Lidz (194@lving (1985), and Klein et
al. (2002), seemed almost mentally marooned in rangeent present, since the
preceding events were “not available to meet the’ranes (Lidz, 1942, p. 595).
H.M. became amnesic in 1953, after the bilaters¢cgon of medial temporal lobe
structures (Corkin, 2002). When Sue Corkin asked ihi 1992, "What do you think
you'll do tomorrow?", he answered, "Whatever isdferal’. He had “no database to
consult when asked what he would do the next dagkwor in years to come” (S.
Corkin, personal communication, 01/26/11). Hassabial. (2007) reported the lack
of particulars and of spatial coherence shown loalfamnesiacs when constructing
novel scenarios. It would actually seem that “weehao grasp of the future without
an equal and corresponding outlook over the p&#igson, 1913, p. 69-70). The
surrounding past and present cast a light on theduhat otherwise might be hardly

glimpsed, remaining hazy, vague and confused (L1842).

16



“What did the previous day mean for him? And cdwuédthink about
the next day? | could not understand how much litersa for a
similar difficulty” (The Professor’s Beloved Equati, Yoko Ogawa;

own transl., Il Saggiatore, p. 31).

llya Kabakov and his wife, Emilia, have wonderfulixpressed the conceptual
relationship between memories from the past, tlesent and the future in one of
their oeuvres, titled “Where is our place?” (20Q08e Fig. 2.1). The installation is
articulated in three temporal spaces: present tiaresblack and white pictures
decorating a gallery at head height; enormous legeesent visitors from a remote
past admiring portions of impressive and oversiz@ith century paintings with giant
gold-leaf frames hovering over the contemporarytupés, which, in comparison,
almost become insignificant. The gigantic paintimisappearing into the ceiling
suggest an historical period different from thespré. They are gargantuan because
they tower upon th&ic et nunc The viewer becomes solely a link in a chain & th
three dimensions. He can have a glance at hisgutimrough trapdoors into the floor.
But the future content is markedly small and indidt far too narrow to be fully
appreciated, and can only be guessed or imagingdla8y, the people dancing in
the middle of Edvard Munch’'s painting The Dance lofe (1899-1900), are
encircled by what they have been and what theyheill

“Life’s more interesting phenomena - he repliedrelqably always
have this Janus face towards the past and theefut{iDoktor

Faustus, Thomas Mann).

It has been speculated, for instance by Endel mgluhat “the ability to contemplate
future scenarios was a driving force in the evolutof episodic memory. This
proposed selection-for-imagination might even kam#d for the inherent fallibility

of our recollective faculty” (Dudai and Carruthe?§05).
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Fig. 2.1 - “Where is our place?” by llya and EmiliaKabakov. Venezia, Querini

Stampalia Foundation, 2003. Photo by Francesco Aljeetto. Reproduced by
permission.

The failures of episodic memory are apparently tua flexible and, consequently,
fallacious mechanism that enables people to retriemd recombine bits of
information in order to reconstruct autobiographfast events. In the attempt to put
together these pieces, people are likely to malstakes. This is probably the reason
why memory cannot be considered a faithful recosadif past episodes. In “Swann’s
way”, Proust defined the act of remembering a “lakia vain”: “How paradoxical it

IS to seek in reality for the pictures that areedian one’s memory”.

"Then you say she’s lying, boy?”

Atticus was on his feet, but Tom Robinson didn®d&im.

‘I don’'t say she’s lyin’, Mr Gilmer, | say she’s staken in her mind”
(To Kill a Mocking-bird, Harper Lee, Londo: MandarPaperback,
p. 218)

18



Miss Prism: Memory is the diary that we all cartyoat with us.

Cecily: Yes, but it usually chronicles the thindsatt have never
happened, and couldn’'t possibly have happened. lieviee that

memory is responsible for nearly all the three wwdunovels that
Mudie sends us.

(The importance of being Ernest, Oscar Wilde)

There are lots of people who mistake their imagimafor their

memory.

(Quote attributed to Henry Wheeler Shaw aka Jo8m@gs)

Human memory is a marvellous but fallacious inseatn The

memories which lie within us are not carved in stonot only do
they tend to become erased as the years go bgfteatthey change.
(The Drowned and the Saved, Primo Levi, transl. Rgymond

Rosenthal)

The process, which causes such imperfections rbiglihe same that lies behind the
creation of novel episodes. It allows us to redbutitails that unfolded in the past,
although in different combinations and in differesnuations (Schacter and Addis,
2007a). “The past is the melting salt which spigpsthe future”, croons an Italian
singer, Claudio Baglioni,"{ passato e sale e si scioglie per dar saporeglro”),
but can also be updated to shape one’s behaviothreirpresent and to construct
alternative plausible behavioural modes ready toubed (Ingvar, 1979; Dudai,
2009).

Human behaviour is active in character, that i®mheined not only
by past experiences, but also by plans and de$aynaulating the
future, and [...] human brain is a remarkable agjo@grwhich cannot
only create these models of the future, but alsbosiinate its
behaviour to them. (Luria, 1973, p. 13)

‘I want memory to have a prospective dimension,irfoabit the

future tense, to bring new worlds into being” (“Rembering the
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future”, Malcom Bowie, in Memory: An anthology, éelil by HH
Wood and AS Byatt, 2008, p. 14).

A revealing example of human behaviour that is ledeon previous experiences
and driven by future goals is shown by Rob Reindris comedy film, When Harry
met Sally (1989). Harry decides not to take anytnghe airport at the beginning of
a relationship, “because eventually things moveaond you don’t take someone to
the airport and | never want anyone to say to rHew come you never take me to
the airport anymore?””. However, the part played épisodic memory in the
simulations of future scenarios is still debatethe Tamnesic patients mentioned
above exhibited widespread lesions encroaching upam areas other than the
hippocampus (Nyberg et al.,, 2010; for a discussisge Squire et al., 2010),
including regions engaged in executive functiong.(esee Samarasekera et al.,
2007). People with a well-characterized hippocangsibn and a subsequent deficit
in recollecting recent personal memories, have rtedoto perform similarly to
controls in future thinking tasks (Squire et aD,1Q). Not all the areas activated by
future simulations are involved in remembering ag&nts (Addis et al., 2009). The
activation of the hippocampus itself is not invaharequired during all the steps of
the simulating future process (Summerfield et 2010). Moreover, specific areas,
as, for instance, the right frontal pole, are sjeadly involved in the construction of
future events (Okuda et al., 2003; Addis et alQ720Summerfield et al., 2010),
suggesting the fundamental role played by frontadged executive functions in the
production and recombination of event-related dketaven when episodic memory
is spared. Furthermore, neuropsychological stuoligmtients with an impairment of
the prefrontal cortex have shown a deficit in theibjective time, i.e., the ability of
thinking about their “continued existence” (Szpynafll, p. 410) that might
substantially contribute to the capacity of mentéthe travelling. Such observations
provide us with clues as to the possible altereatigles played in the scene
construction by cognitive functions other than memndit is accurate prediction of
the future, more so than accurate memory of thé persse, that conveys adaptive
advantages” (Suddendorf, 2006, p. 1007). Howevexdigtions are likely to be

wrong. We cannot be accurate in imagining our fitur
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If the sky that we look upon

should tumble and fall

and the mountains should crumble to the sea
| won't cry, | won't cry, no | won't shed a tear
just as long as you stand, stand by me
(“Stand by me”, Ben E. King)

How can he be so sure? “Trying to predict the fitigrlike trying to drive down a
country road at night with no lights while lookirmgit the back window” (Peter F.
Drucker). Also Dom Cobb, in Christopher Nolan’s éption, warns Arianna against

using her memories to construct new scenarios:

Dom: Never re-create places from your memory. Alsvayagine
new places.

Arianna: You draw from stuff you know, right?

Forecastings “tend to over-represent the momerds ¢wvoke the most intense
pleasure or pain” (Gilbert and Wilson, 2007, p. 338nd do not take into account
many real features, as the capacity of adaptafbrihe end of Frida, a movie that
recounts the harsh life of Frida Kahlo, compelleduhdergo countless medical
operations after a car accident, the Mexican pargalizes that “at the end of the
day, we can endure much more than we think we ¢@ndla, Julie Taymor). It is

possible that in the future we will see “things yoeople wouldn’t believe” (Blade

runner, Ridley Scott).

Indeed, it has been noticed that [...] in any cabke, record of
forecasters in the past thirty or forty years, what their
professional qualification as prophets, has beegpsatacularly bad

that only governments and economic research itesitstill have, or
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pretend to have, much confidence in it. It is epessible that it has
got worse since the Second World War. (Age of Eres: The Short
Twentieth Century 1914-1991, Eric J. Hobsbawm, lamdJichael
Joseph p. 5-6)

People cannot use the “pensieve”, with the helwloich one “siphons the excess
thoughts from one’s mind, pours them into the haamd examines them at one’s
leisure” (Harry Potter and the Goblet of Fire, J&WANQ).

“At the end of the day, all these things were gtllhappen! It was
the future - Kees Popinga’s future, which, in areremg of a
December Wednesday, at 8 o’clock, could not yeguressed” (The
Man Who Watched Trains Go By, Georges Simenon, taansl.,

Adelphi, p. 12).

Aiming at predicting the future, we use cognitivmdtions, not crystal balls. Mental
simulations might be “the means by which the brdiscovers what it already
knows” (Gilbert and Wilson, 2007, p. 1354). The eqghthat we hold in our hand
reflects us, like the Escher lithograph, “Hand witkflecting sphere” (1935).
Therefore, our forecasts cannot be more precise dhsibylline statement with no
commas Ipis redibis non morieris in belfy. So, people can “mentally time travel”
from past to future passing through the presenltv(ig, 1985). Even the mother of
all the muses, Mnemosyne in the Ancient Greek mgtho “has a Janus face,

looking to both time past and time future” (DudadaCarruthers, 2005).

I'll sing my songs in the streets
and I'll live my life hard-nosed
like a homeless warrior without sword

with my foot in the past

2 The sibylline statement might translate as folloiwe will go, will come back, will not die
in war. In Latin the hon” could be yoked torédibis” (i.e., He will go, will not come back, will die
in war), or with ‘morieris”(i.e., He will go, will come back, will not die iwar). Therefore, the Latin
statement is ambiguous unless one puts a commeehafafter therion”.

22



and my gaze to the future
(“A muso duro”, Pierangelo Bertoli, own transl.)
My own future lies in my past and in my present

(“Prendi in mano i tuoi anni”, Litfiba, own trangl.

Thinking about the future can take numerous fonasying from planning actions to
foreseeing possible scenarios by means of knowledge informed guesses, or
speculations and intuitions, or imagination andatiwy. Different cognitive
processes are needed for each of these differpes tgf future thinking. In this
divertissement we mentioned episodic memory, orclvioiur previsions are built;
executive functions, which allow flexible searchingide memory storages; working
memory that provides a workspace in which to mdateuand reassemble planning
details; semantic memory, from which we draw serifiir postulating alternative
scenarios; and temporal orientation that is vitabtder the sequence of foreseen
events. It has been maintained that “The best wayddict the future is to invent it”
(Alan Kay, 1971). Perhaps, instead, the best wathioking about the future is to
use our imagination to remodel and re-create tlst. ppa order to plan the future,
which is what memory is about, we need a systersmesentations rather than mere
recordings of events. The price that we pay is enarg system, which is fallacious
and prone to errors (Schacter and Addis, 20071)it miworthwhile.
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3. Introduction

3.1 Mechanisms of future-oriented cognition

Pietro Paladini, who has just been widowed, is safjdto make a vital decision.

One of his dearest friends, Jean-Claude, has beshdnd Pietro is asked to take
over his job of chairman. Pietro is to choose weetbr not to become rich and

powerful, betraying Jean-Claude. In such a sitnatioe finds advantageous to
consider a future scenario, based upon what he &nawpersonal past experience,
and an event that he read.

I’'m now living an event similar to one that | haldeady experienced
in the past, and that's the reason why I'm quiathwowered eyes,
looking at his shoes’ “screen”, where it has sthlieing projected a
movie full of opulence and pomposity that | wouldve never
thought to desire: fabulous salary, power, permanentract, stock
options, private plane, works of art, vintage caexclusive
apartments, chauffeur, any kind of benefits. [...]

It's obvious that I'll end up refusing the offer.], and nonetheless,
in the meantime, I'm here, looking at a twenty-tweetres boat
slowly flashing before my eyes, with myself at ttedm and Claudia
sunbathing on deckC@os Calmonovel by Sandro Veronesi, UTET:
Torino, 2005, own transl., p. 179)

Thierry, who is requiring the resolution, suggdsta not to answer in that moment.
“You're facing a difficult situation”, he says, ‘@ might hamper your future

thinking”.

These citations encapsuldte idea of episodic future thinking, encompassitthe

involved cognitive processes mentioned in the janevichapter:
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* Episodic memory. Thierry’s offer reminds Pietro oén
autobiographical past situation, which could haweilarly changed
the course of his life;

« Semantic memory. Pietro remembers a SchnitZletisracter who in
a few minutes has the opportunity to lose everginto gain much
money;

» Executive functions. He explores different memariesking for the
details he is interested in, to evaluate pros amts.cThus, he is to
deal with planning, checking, and binding togetki®® converging
inputs to come to a decision;

* Working memory. Pietro mentally works to combinedé details to
the point of extending an unprecedented meanitigeim;

* Temporal orientation. He has to recognize the evémit come up
into his mind and to attribute a temporal orderisTprocess avoids
confusing past episodic with semantic memories, anth the

hypothetical future development he is depictinthatmoment.

Moreover, Thierry supplies the intuition temponarignored by Pietro, i.e., the
essential role likely to be played by the presé@oaton on his resolution.

Each step of episodic future thinking is likely lte affected by a distinct cortical
brain damage. Given the complexity of the conseui@xperience task, Berryhill et
al. (2010) raised the possibility of possible céigei consequences (concerning

future thought) of a lesion iany brain region.

The present thesis aims at investigating the cogniinderpinnings of foresight,
“because humans may need to get better at it ifaveeto continue to survive”
(Suddendorf, 2006, p. 1007). Accordingly, we witsf provide a critical review of

the current knowledge regarding this fundamentaitaieability.

3 Arthur Schnitzler is a writer. In particular, ke the author of “Traumnovelle” and “Night
Games”.
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3.2 Conceptual development

The aptitude to imagine personal future episodesah&ays received a considerable
amount of attention, not only from neuroscientidisf also from philosophers,
singers, poets, painters, writers, sculptors, anovien directors, as formerly
elucidated. However, only recently, researchersehlhegun to experimentally

investigate the cognitive processes underlyingdhisty.

A long standing debate in the literature concerether this ability should be
considered separately from or in conjunction wittenmory. Moreover, when
considered straight in conjunction with memoryfetént kinds of relation may be

taken into account.

Haith (1997) distinguished four relations:

a) “continuation of a repeating past”, which is thenglest future-
oriented cognitive performance based upon the eapec that
cycling events will replay, like repeating and aoaotng phone rings;

b) “projection of past trends”, anticipated by Wolff the eighteenth
century as theexpectatio casuum similiynalso quoted in Kant's
“Anthropology from a pragmatic point of view” (17p8ee previous
chapter). In this case, people do not expect theesavent to reply
verbatim But, on the basis of observed past events, thegsight
similar facts, extrapolate a trend without distipéinowing the link of
causes and effects;

c) “induction from observation”, which allows to constt future from
analogy not only with own direct past experiencat hlso with

indirect experience, i.e. experience of others xpedence drawn
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from a general knowledge of the world. “We haveeradied, but we
know we will” (p. 33), consequently we can envis#gg moment;

d) “imagination and invention”. This fourth relatioaises the possibility
of release from events occurred before to us oersttand from
reiterating past trends, imagining novel episodest thave never

happened, like a hypothetical trip on Mars.

The preceding taxonomy entails the potential ingotent of two memory systems:
episodic and semantic memory. Tulving proposed fingt formulation of a
distinction between these two memory systems in219his early differentiation
was hinged on the diverse typologies and sourcés-bé-remembered information.
That is, individual experiences in the former casel general knowledge of the
world in the latter. These concepts have evolved, aventually, Tulving (2002)
argued that episodic memory bears a unique rekdtiprwith time, a relationship of
which semantic memory system is devoid. Episodianorg “allows people to
consciously re-experience past experiences” (Tglva®02, p. 6). Perhaps, the lack
of such a special connection with time is the reasdy the semantic memory
system has mostly been ignored in the studies comce future thought. The
literature has mainly focused on exploring the trefabetween thinking about the

future and episodic memory.

And in fact, Szpunar (2010) has noticed that eVenheterogeneous nomenclature
adopted to identify forethought depends on whetrenot it was thought to be in

relation with episodic memaory.

Some studies have highlighted a close linkagepagh for different roots, between
remembering personal past and envisaging persataef To those we shall turn
next. Cursive script will be adopted to underlihe definitions coined within each

work.
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3.3 Episodic memory and future thinking

Atance and O’Neill (2001) have built their defiomi of episodic future thinking
upon Tulving’s most recent conceptualisation ofsedic memory. Indeed, the two
researchers have formulated a distinction betwemmastic and episodic future
thinking, which mirrors Tulving's categorization rfgpast memories. Whereas
semantic future thinking concerns the projectioto ithe future of a general
knowledge of the world and, consequently, of reabbn good scripts, episodic
future thinking “refers to an ability to projectethself forward in time to pre-
experience an event” (p. 537). In line with Tulvetheory, they maintained that it is
the episodic memory system to underlie the capagityast personal events into the

future.

Likewise, Suddendorf and Corballis (1997) have ted, from Tulving’s theory,
the idea of a close linkage between the skills ehtally travelling back to the past
and of casting own minds forward. More precisdtgythave provided a key account
for this linkage, referring to the ability to trduaentally in time as “a prime mover
in human cognitive evolution” (p. 165). A furthexptanation of this evolutionary
perspective suggests that natural selection wank&lmat episodic memory does for
our survival. And one of the ways it may work instllirection is to inform about
potential future scenarios (Suddendorf, 2010). paeicularity of what Suddendorf
(2010) labelsepisodic foresighimplies the production of novel representations

through combinations of pieces of information.

Schacter and Addis (2007a) have broadened thisestigg. Theirconstructive
simulation hypothesibas suggested that the mechanism lying behinepisodic
memory evolved as constructive rather than reprdgicto allow individual
simulations of future episodes. This selection pesrpeople to collect elements from
different memories, and to combine them in an utipted manner to shape a unique
scenario. Thus, the researchers have speculatdtedanctions of episodic memory
thought to prepare us for the future. What theyehswv mind when talking about

episodic simulation of future eventsthe ability of “drawing on elements of past
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experiences in order to envisage and mentallydtrty one or more versions of what
might happen” (Schacter et al., 2008, p. 4cording to this view, Dudai and
Carruthers (2005) have reminded that Mnemosynepéngonification of memory in
ancient Greek mythology, had two heads facing {h@osite directions of past and
future. Morewedge and colleagues (2005) have argi@dwhen people simulate
their reactions to future episodes, they spontasigaely on memories of similar
events which were already experienced in the pastddition, Gilbert and Wilson
(2007) have noticed that “we naturally imagine owxt dental appointment by
remembering our last one” (p. 352). And also ire@ent review Schacter, Addis and
Buckner (2008) have observed that a crucial functé the brain is to use past

experiences to anticipate future events.

D’Argembeau and Van der Linden (2004; 2006) havppeued the idea of an
intimate relation between remembering the past@eeexperiencinghe future. In
two different studies, they have demonstrated tblaénomenal characteristics
associated with both past and future representatiught be similarly influenced by
the same factors (the findings of these studie$ el further analysed in the
following session). Thus, they have suggested that abilities of travelling

backward and forward rely on similar mechanisms.

Bar (2007) has posited that episodic memories maytrbnslated into novel
predictionsthrough associative activations. Thus, memories'te building blocks
of predictions” (p. 280). That is, the linked stbrelements activate associations
which are relevant in a specific situation. Praditd are generated by these
associations, which is why they so often go awrgcdkding to the idea that
simulations are based upon memories, inaccuratepiesent the past, Gilbert and
Wilson (2007) have suggested that simulations calp@@ccurate in representing the
future. Furthermore, such inaccuracy is exacerbdigdthe fact that, when
constructing future simulations, people often usaraple of the most memorable, as
well as unrepresentative, memories (Gilbert ands@vi] 2007). This concept can be
clearly illustrated using the example of the deatish of the Twin Towers in New

York on September 11, 2001, the worst terrorisickttAmericans ever endured: a
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highly atypical event that, for this reason, migbine very easily to mind. People
who made their predictions and plans accordinglguch a memorable happening,
were likely to be in danger of making mispredicsoAnd indeed, in the last months
of 2001, the decrease of commercial airline passsndetermined an increase in
automobile traffic, which killed more people thare tattack itself (Morewedge et al.,
2005).

3.4 Similarities between past and future thought

The surge of evidence, which has shed a light ercimmonalities linking episodic
memory and episodic foresight, encompasses newbpkgical and

phenomenological studies, and brain imaging rekearc

Parallel impairments in episodic past and futureutits have been uncovered in
many patients studies.

The earliest observation of an amnesic patient, wae also unable to imagine the
future, was provided by Lidz (1942). Lidz reportead the case of O.S., a 30 years
old man, who was admitted to the hospital seventesns after a suicidal attempt by
inhalation of carbon monoxide and suffered fronueepamnestic disorder. O.S. was
tied to others for simulations and he had no sefismntinuity of events. In fact,
since he could not completely rely on his past, fatsre remained “hazier, more
vague and more confused” (p. 596).

However, the pioneer of the above-mentioned susgeonsidered Endel Tulving
(1985), who has reported on the case of K.C. (aM.B.), aged 36, who suffered
dense anterograde and retrograde amnesia followingosed-head injury that
damaged several areas in the brain, including tbetdl and medial lobes. His
awareness of subjective time was also highly inggaiHe seemed mentally trapped
in a permanent present. When asked what he wag goido the day after, K.C.
smiled faintly, and then answered, “I don’'t knowi/hen encouraged to describe

how was his state of mind like while trying to tkiabout his future, he just said,
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“Blank, | guess”; “It’s like being in a room withathing there and having a guy who
tells you to go to find a chair, and there’s noghthere”; and “It's like swimming in
the middle of a lake. There’s nothing there to hgtdor do anything with” (Tulving,
1985, p. 4).

The famous amnesic patient, H.M., interviewed albisifuture plans by Sue Corkin
in 1992, provided an as brief as eloquent answagrréflected his incapability to cast
himself even in the most immediate future (S. Qmrkpersonal communication,

01/26/11; see previous chapter).

Dalla Barba and his colleagues (1997) have destitiie case of GA, a 52-years-old
housewife, with no history of psychiatric disease#o developed an amnesic-
confabulatory syndrome consequent to a subarachmmdiorrhage and ischemia.
GA is the first case of an experimentally documeérenfabulation, which embraced
the whole personal temporality (past, present aatlird). The impairments
concerned her performances in episodic memoryntiien in time and place and
personal future planning tasks. Her case was deepégtigated, with two tasks. At
the first task, GA scored equally poorly to theseplic memory questions concerning
her personal past and future, reporting the sameeptage (60% for past and 60%
for future) of confabulatory answers. At the secaask, a future version of the
Crovitz test, requiring a detailed account of aidglkaphical episodes related to a
specific cue-word, GA confabulated when reportingeasonal past event and even

more when providing a future episode.

Amnesic patient D.B., a 78 years old man, was &smd to be impaired in his
ability to think about his personal future (Kleirt al.,, 2002). The authors
administered a questionnaire about past and fueuents (i.e., What did you do
yesterday? What are you going to do tomorrow?)which D.B. was severely
impaired (with respect to both past and future tjoes). Interestingly, his deficit for
future thinking was constrained to his personalifeitand he was able to imagine
future public events, such as political eventsywali as control subjects. However,

Rosenbaum et al. (2009) noticed that the quespored to allow the construction of
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public events did not seem to promote the prodonatiodetailed narrative responses.
For example, the question “Can you tell me what gaok might be some of the
most important issues facing the environment olierrtext ten years?” elicited the
response “Threat that weather and rainfall pattanesgoing to change because of
industrial pollution” (Klein et al., 2002, p. 367).

On the contrary, five patients with bilateral hippmpal damage, who were
examined by Hassabis et al. (2007), were encourggenerate “as many sensory
and introspective details as they could” aboutttibus event, imagined from short
verbal cues (i.e., “Imagine you are lying on a wh#andy beach in a beautiful
tropical bay”). The authors have reported an exampln event they produced: “As
for seeing | can't really, apart from just sky.dnchear the sound of seagulls and of
the sea... um... | can feel the grains of sand betwegrfingers... um... | can hear
one of those ship’s hooters... um... that's aboufre you actually seeing this in
your mind’s eyes®o, the only thing | can see is blugo if you look around what
can you seeReally all | can see is the colour of the blue akg the white sand, the
rest of it, the sounds and things, obviously I'mstjhearing..Can you see anything
else? No, it's like I'm kind of floating...”. As we can &, the scenarios they
depicted were poor in detail and lacked in spat@ierence. Consequently, their

scores fell definitely below the range of controls.

Klein’s ‘Lived Future’ Questionnaire (2002) was@ksdministered to M.C., a young
woman suffering from a severe impairment of episademory and topographical
orientation deficits, as results of status epiaithat could have caused an ischemia
in both hyppocampi (Andelman et al., 2010). Theeotbognitive functions were
within normal limits. ‘My memory did not return tme... | take each day one at a
time... | don’t see past today and tomorrow... aad’t picture myself in anything
beyond the immediate present... that's why | dbiate any aspirations or wishes’,
she said (p.432). This case underscores once dfaincritical role of the
hippocampus in envisaging future events other ttien patient’s “affective de-
compensation” (p.431), which came along with hdl &wareness of the severe

problems in remembering and foresight.
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Lastly, patients suffering from mild Alzheimer's séase presented with clear
difficulties at generating autobiographical elensemelated to past and future
episodes (Addis et al., 2009).

The association between episodic memory and fuhunking has been highlighted
also in clinical studies, which did not involve igaits with impaired memory.

Twenty-four people with depression, hospitalizetgragelf-poisoning, provided less
specific autobiographical past and future evemtggesponse to cues. In addition, a
correlational analysis has showed an associationele® past and future specificity
in both suicidal and control groups (Williams et., all996). Furthermore,
D’Argembeau et al. (2008) have showed schizophreaitents’ failure in casting
themselves into the future, suggesting a relatemveen this deficit and the failure
in retrieving past memories. The patients presergezhounced difficulties in
producing specific past and future events, if comgato controls, as well as a

disorder of the sense of subjective time.

Moreover, the activation of particular brain aréas been showed to considerably
overlap in backward and forward mental time trav@kuda et al. (2003) have
measured brain activity with Positron Emission Tgnaphy (PET) in healthy
participants thinking and orally reporting past esences and future prospects in a
naturalistic setting. Future and past thoughts estearcommon cerebral network,
which encompasses the superior frontal, medial teatpand medial occipito-
parietal areas. Their findings have also showetigpecific areas in the frontal pole,
including Brodmann Area 10 (BA 10), and the med&hporal lobes were more
activated during future thinking task. The authbave hypothesised that a greater
amount of activation of past episodes might be s&ag to gain insights into the
future and that additional cognitive processesrageiired to select the information

needed to construct future prospects.
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Addis et al. (2007) have used functional Magneteséhance Imaging (fMRI) to
further investigate participants’ brain activity rthg past recollections and future
reports. With this aim, they have distinguished @nStruction phase” (i.e.,
generation of the event) and an “elaboration pliiese production of as much detail
as possible to describe the event). In the fornmasse, the findings have revealed a
common activation of left hippocampal, and of postevisuospatial regions, for
both past and future events, while the right higpopgus was engaged uniquely by
future thoughts, along with the right fronto-potartex (BA 10). On the contrary, a
considerable overlap between past and future eventsoaching upon left medial
prefrontal, bilateral parahippocampal, and retreisill cortices, the posterior
cingulate and the precuneus, characterized ther Ipttase. This overlap has been
attributed to the common cognitive processes thigihtrbe primarily prominent

during the elaboration, e.g., self-reflection, extiial and episodic imagery.

Likewise, Szpunar et al. (2007), using fMRI, haeerfd that episodic memory and
episodic foresight commonly engaged various braigions, including the medial
prefrontal cortex, the posterior cingulate cortidye medial temporal cortex and the
occipital cortex. At odds with the semantic comgani tasks adopted in the two
previous studies, the researchers compared therigvgueal performances with a
task requiring the imagination of Bill Clinton pafpating in an every-day life event

(like a barbeque), thus, with neither temporalneriee nor self-projection.

Studies on clinically normal people suggest furtt@mmonalities. Such similarities
have been documented, in particular, by the phenological richness reported in
past and future events. D’Argembeau and Van Deddnn(2004) asked participants
to describe some positive and negative events guastfuture), which occurred in
one of two time frames, a recent and a remote ®heir results revealed that the
sense of experiencing both past and future eveassmore strongly associated with
positive, than with negative episodes. Furthermdine, most recent events were
imagined or remembered with more contextual detarld a stronger feeling of
experiencing than the distant ones. Another rekeass carried out by the same
authors (D’Argembeau & Van der Linden, 2006) andas found that, both for past
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and future reports, one’s ability of visual imagemyrrelated with the amount of
visual and sensorial details experienced, andthiiefaptitude to regulate emotions
via suppression was associated with fewer sensac@itextual and emotional

details.

Finally, Addis et al. (2008) have observed thatnger adults produced a greater
amount of details mainly related to the core ofekent (“internal”) than older adults
for both past and future events, implying that ggmight affect future thinking

similarly to how it affects memory. These resultspmorted once again the

constructive simulation hypothesis.

3.5 The debated role of episodic memory in episodic
foresight

Suddendorf (2010) has pointed out that basically iwerpretations concerning the

above-mentioned links have been addressed intdratlire.

One argues that episodic memory is a fundamental gfafuture thinking, as it
provides the “raw material” (p. 100) to envisagwaiions likely to occur in the
future. These are essentially the kinds of relati@t Haith (1997) has identified as
“continuation of a repeating past” and “projectminpast trends” (see above): one is
inclined to predict a reoccurrence in the future wdiat happened in the past
(verbatimor through a details recombination). The secope tyf relation is close to
Tolman’s “theory of expectancy”, that illustratedvi rats can flexibly recombine
their prior experience to deal wigx novosituations. The use of memory may be
instrumental in the development of adaptive respsnthat extend beyond the
stereotyped recurrence of reinforced sequencesn@okt al., 1946). However, there
is another possibility, that Haith (1997) calledn&gination and invention”, which
contemplates the hypothetical trip of Mars nevgregienced. In this case, “episodic
memory (together with other memory systems) maycé@emovide the vocabulary
for episodic foresight. Humans can recursively commband recombine basic
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elements into novel scenarios and evaluate thestrins of their likelihood,
desirability and so forth” (Suddendorf, 2010, p.101

On the other hand, episodic memory is not to beessarily considered as a
“building blocks of predictions” (Bar, 2007, p. 286r a “vocabulary” of elements

which to draw on to foresee. The other theory, WtBaddendorf (2010) has referred
to, accounts for these links in a different mannerargues that both episodic
memory and future thinking share the same neurattegmesources. They can draw
on a widespread range of specific abilities, likpaaticular type of consciousness
(autonoetic consciousness; Tulving, 1985), theitgbaf binding details, executive

functions, self-projection (Buckner and Carroll,0ZQ and related capacities, like
conceiving others’ viewpoint (theory of mind) anavigation (Buckner and Carroll,

2007). That is, a number of cognitive functionseotthan episodic memory might
play an integral role when constructing sceness Taiter theory accounts for a
consistent body of research, already mentionedhap€r 2, that we shall further

explore next.

3.6 Cognitive functions, aside from episodic memory , at work

The role played by episodic memory in the constoncbf future prospects is still
controversial. Recently, it has been suggestedittimagy not be aondicio sine qua
non in simulations of future scenarios. Such an intmithas been corroborated by
several criticisms to the studies mentioned aboxkansequent research, aimed at
further disentangle this issue. Some of the studtiestioned earlier, do not detail the
lesion location of the amnesiacs (O.S. and D.B.pther cases (K.C. and Hassabis’
patients) the information that has been providedicates an extensive damage,
including impairments encroaching upon areas beybedhippocampus (Squire et
al., 2010). These observations downsize the impogtaf episodic memory and the
hippocampus in future imaging, rendering the hypsit of a crucial part played by
episodic memory in future thinking arguable. In iidd, some of the latest studies,

using fMRI, have provided no evidence of a hippogahinvolvement in subjective
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time travel. Nyberg et al. (2010) required welltied participants to imagine
walking in a familiar environment in past, presand future. Thus, they were not to
create an episode content, but were solely tomejéct in a standard situation
recurring in different temporal frames. The taskhickh held constant the
informational content, did not recruit the hippogeah region. The authors
interpreted their findings suggesting a closerti@abetween the hippocampus and
the content, rather than between the hippocampdighen“conscious temporality of
the experience” (p. 22357). Likewise, Squire e(20.10) reported on future thinking
performances in five patients with a well-charast bilateral hippocampal lesion
and one patient with extensive medial temporal dgmapresenting with a
subsequent, respectively, moderate and marked imeat in recent personal
memories. The study aimed at casting a light on dWthe key components of the
past-future core network, embracing the medialrpreél cortex, posterior regions in
the medial and lateral parietal cortex, the latéeahporal cortex, and the medial
temporal lobe including the hippocampus (Schadtat.e2007). The intact ability of
these patients in future thinking sharply contrdstéth their striking impairment in
recalling recent past episodes. Consequently, tlikoes have suggested that a
selective hippocampal damage, which spares theofdbe core network proposed,
is not sufficient to affect future imaging. Maguaad Hassabis (2011) have assumed
that the patients could have supplied reports nsereantic in nature, prompted by
the single-word cue, likely to cause a semantis.bi#owever, Squire et al. (2011)
have noticed that also one of the patients (PO4¢rdeed by Hassabis et al. (2007),
albeit the marked amnesia, was successful at catisty scenes, elicited by full
sentence descriptors. This demonstrates that aanpesisedoes not necessarily

affect the ability of simulating scenes.

Consistently with this idea, it has been proposédoader theoretical interpretation
for the data concerning the age-related reductiapecificity for episodic memories
(Levine et al., 2002), for those showing a pargikgiern in future thinking (Addis et
al., 2008) and for the strong correlation betwegopdcampal activity and the
amount of details produced in past and future evéatdis et al., 2009). At odds
with what Levine et al. (2002) and Addis et al. @pPmaintained (i.e., that this kind
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of age deficit entirely reflects an impairment bEtconstructive episodic memory
system underling both past and future thoughts)es&ar et al. (2011) have
documented that age-related decline in reportingildesxtended also to a condition,
that does not require episodic memory, e.g. a palescription task. These findings
uncovered a non-episodic source of age differemcpast and future thinking tasks,

a source which is unrelated with memory itself.

3.7 Executive functioning and episodic future think ing

Obviously, the ability of future thinking is relaéo the capacity to produce specific
personal details, mediated by executive controthSabservations were instrumental
in the development of other studies that have lusigned to explore the possible
causal link between executive functioning and feitprospects, in the attempt of
gaining greater control over the simulation of &senThis new branch of research
takes into account that the extensive damages igdhilby the amnesic patients
described above include also areas that play aatrtme in executive functions
(e.g., see Samarasekera et al., 2007). The georerati detail-rich descriptions
requires reconstructive mechanisms for the binduiginformation. Deficits or
decline of these mechanisms might hamper the geoeraof details and,
consequently, may account for impairments in a wiglege of conditions, from
episodic future thinking to the picture descriptitesk (Gaesser et al., 2011).
Rosenbaum et al. (2009), for instance, view a ngereeral construction deficit as a
plausible, alternative root of K.C.'s impairment future simulations. Aiming at
testing this possibility, K.C. was required to puwod fictional episodes and to
retrieve or identify elements of semantic narraiyeamous fairy tales and bible
stories). Also in these conditions, the patientsrss fell well below the control
range. These results stand in stark contrast Wwelepisodic constructive simulation
hypothesis. If future simulations must rely on tleformulation of past personal
memories, then K.C. should have presented withrenalorecollection of semantic
narratives, albeit his severe impaired autobiogcgbrepisodic memory. However,
this was not the case. Indeed, even when the ifoom that he necessitated was

available, he failed to construct detailed andgrdée narratives.
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Similar results have been obtained by Addis e(24110), who documented an age-
related reduction in specificity also under a reboration paradigm, simply

requiring healthy older adults to reformulate vasoelements into a cohesive
episode. In line with this evidence, Addis et @&08) noticed a close linkage
between tasks involving executive performances &easks requiring episodic

elements generation. In the study they carriedtbetamount of episodic details
provided in past and future reports correlated it Backward Digit Span task,
which measures the executive control and engageddtsolateral prefrontal cortex
(Hoshi et al., 2000).

Accordingly, a number of neuroimaging studies hallewn a greater frontopolar
activation, including BA 10, during future thoughtBan during past recollections
(Okuda et al., 2003; Addis et al., 2007; Summaetfid al., 2010). Interestingly, the
greater was the activation of BA 10, the larger Wesamount of elements provided
in future constructions (Addis & Schacter, 2008).

Consistently with these observations, Summerfieid @&olleagues (2010) have
showed, using fMRI, which components of the corevoek (Schacter et al., 2007)
are variably engaged and disengaged during theussteps of a scene construction
task. The participants were instructed to combiesingle scene elements they were
provided with in a cohesive scenario. The detadseapresented one at a time with
no context. fMRI documented a significant activatiof the hippocampus and the
dorsolateral prefrontal cortex during the presemtaof the first element. However,
the introduction of the second element did notui¢he hippocampus, but required
an increasing activation of the dorsolateral pratbcortex, perhaps to maintain two
elements in working memory. The addition of thedhelement up-regulated several
regions (i.e., the medial parietal cortex), dowgtilated in both the previous phases,
and increased the activation of the hippocampuss,;Tthe hippocampus might not
be invariably required in a construction scene @ssc On the contrary, frontally
based executive functions are likely to be an irglegart of the episodic elements

reformulation mechanism.
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3.8 Self-projection

When addressing the idea of prospection, some euitieessed the importance of a
specific frontally-based function, of which futurthinking is considered a
“prototypical example” (Buckner and Carroll, 2047, 50): self-projection. Self-
projection is a striking feature of our cognitivesgeem that allows us to shift personal
perspectives from the immediate environment torrdtive situations. Thus, this
ability is considered crucial when we conceive haotindividual’'s viewpoints
(theory of mind) and imagine ourselves in episodefore they occur. The brain
network engaged in self-projection embraces frofdaks and medial temporal-
parietal lobes, which are also up-regulated in saging the future, episodic
remembering, theory of mind and navigation (Buclared Carroll, 2007). Therefore,
Buckner and Carroll (2007) considered these aduliths single components of a
“larger class of functions” (p. 55). By this viewheir hypothesis is that self-
projection relies upon memory system, since passomal details serve as the
foundation to guide possible future simulationscéwingly, self-projection itself is
to be viewed as a crucial part of episodic remembeand imagining. They
suspected, in line with the constructive episodimusation hypothesis, that “the
adaptive value of episodic memory is not solelyitg ability to afford mental
reconstruction of the past but rather in its ctntiion to build mental models —
simulations — of what might happen next or otherspectives on the immediate
environment, such as what others are thinking”5p). However, some answers
provided by K.C. stand in stark contrast with wtiety maintained. When asked, in
more than one occasion, to describe what he fednwthying to imagine a future
scenario, the patient, as previously mentionedmed, “It's like being in a room
with nothing there and having a guy tell you gdital a chair, and there’s nothing
there” or “it's like swimming in the middle of aka. There’s nothing there to hold
up or do anything with” (Tulving, 1985, p. 4). Tleesentences uncovered his ability
to project himself in different situations. He mgad to imagine swimming in the

middle of a lake, while being interviewed by thepexmenter. Although he did not
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provide much detail, he was able to “shift perspectrom the immediate present to
alternative perspectives” (Buckner & Carroll, 2007 49). And, indeed, many years
later, Rosenbaum and his colleagues (2007) docwaethiat K.C. preserved his
ability to infer other people’s thought, presentiagth no difficulties in tasks

assessing theory of mind (strictly related to getfiection). Therefore, it may be
argued that theory of mind’s abilities, which astated to self-projection, can be
uncoupled from severe impairment of episodic memagd autonoetic

consciousness (Rosenbaum et al., 2007).

3.9 Autonoetic consciousness

Autonoetic (derived from the ancient Greek woedlséc, which means “own self”,
andvoéwm, which means “l think”) consciousness gives a ciuctatribution in the
discussion of episodic future thinking and mightchesely related to the capacity of
projecting themselves into the future. This selbeamess allows us to recognise an
event, which comes into our mind, as a memoryjrfstance, avoiding to confuse it
with a dream or a simple thought. We make use aé tibility whenever
remembering past experiences or envisaging novehasms. When a person
remembers an event from his own past, this kincdcarisciousness confers the
awareness that the event is actually a veridicel gfahis personal past experience
(Tulving, 1985). Thanks to autonoetic consciousnesdividuals can be aware of
their subjective experience throughout time, bycpming the present situation not
solely as a continuation of their past but alscagzrelude to their future. As the
narrative mode of the “stream of consciousnesst thas used by Joyce, the
awareness of subjective time confers us the cogo&af a unique sense of time,
which extends from the past to the future, passimgugh the present moment
(Wheeler et al., 1997). “If we could somehow shikdhat we had learned about the
temporal structure of the world, what would our ex@nce be like? Perhaps we
would inhabit a dreamlike region, devoid of causahnections, of a past, present,

and future, of a sense of place in time” (Friedmi&®90, p. 85). K.C.’s awareness of
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subjective time was highly impaired and also GA&sporal consciousness was still
working but not in the proper way (Dalla Barba let }997).

The concept of autonoetic consciousness is clasthted to that of chronestesia.
The distinction between the two notions lies inithemphasis. The concept of
“autonoetic consciousness” stresses awarenesseds ealf existence in subjective
time. The concept of “chronoestesia” stresses aware of the subjective time in
which one’s self existence unfolds (Szpunar, 20RBL)similar concept has been
formulated by Dalla Barba et al. (1997) and hasnb&belled as “temporal
consciousness”. Temporal consciousness usuallyatitewith less stable, and thus
more vulnerable, modifications in the long-termrage system. This work allows
quick and steady updates in present orientationiramgture planning. For instance,
GA's temporal awareness was able to use only ntaldesmodifications of the long-
term storage system. The result was that the pagemembered “another” past and
planned “another” future. She mistakenly involvest habits and personal semantic
information in a personal temporal workspace. Harbal statements were
unintentionally incongruous to her history, herkground and present situation. She
was living one and half hours from the hospital amce her disease she never
cooked. Nonetheless, when asked, “What are youwggoido in a few minutes?”, she
did not hesitate to answer, “I will go home to cdabk supper”.

Damage to the prefrontal cortex may crucially coonpise the capacity of travelling

backward or forward in time, as consistently denvasd in neuropsychological
studies.
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3.10 Exploring future prospects in healthy people a  nd groups
of patients

The present work stems from the interest to analyskepth the intriguing ability of
future thinking in healthy participants and peoptégh different kinds of brain

damage.

It begins with three chapters investigating norpedple.

In Chapter 4 future prospects are elicited withfedént cues in the attempt of
evaluating the characteristics of the prompts that will then adopt in further

experiments, especially with patients. In particulia this study we are interested in
understanding which type of cue makes the futusk taore challenging, which one
encourages the production of more detailed desmniptand which cue might

enhance the dependence on semantic memory.

In Chapter 5 we aim at ascertaining whether orthetsimulations of the future

might be based on reproductions of events that hlready occurred. Participants in
our future tasks are always instructed not to te@ tautobiographical memories or
any part of them to envisage their future. Nonetb®l we suspect that, on some
occasion, it is inevitable that participants migivbke events already experienced
rather than constructing truly novel events. Twperknents are reported in Chapter
5, which probe this possibility empirically. In Imotof them, young adults are

required to mentally re-experience and pre-expedaemporally close and distant
autobiographical episodes and to perform a deléyskl scored as remember-know

judgments on new, old-remember, and old-imaginedg.or

Two further experiments, reported in Chapter 6, aan investigating the
contributions of familiarity of setting, self-relamce and self-projection in time to
future thinking. The role of familiarity of setting explored in the first experiment,
by contrasting future thoughts with autobiographitaure episodes supposed to
occur in unfamiliar settings. The role of self-nedace is assessed in the second
experiment, by comparing future thoughts to futewents involving familiar others.
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The role of self-projection in time is evaluated,both experiments, by comparing

episodic future thoughts with autobiographical ¢gehat are timeless in nature.

The second part of the dissertation focuses oaghessment of different populations

of patients performing future thinking tasks.

The goal in Chapter 7 is to investigate whether esitmMild Cognitive Impairment
(aMCI) affects episodic future thinking. AmnesticQWis a high-risk factor for
Alzheimer’'s disease and is characterized by a Seteémpairment of episodic
memory, likely reflecting hippocampal malfunctioginrhese patients present with a
reduction of episodic specificity for past event8e are interested in observing
whether such reduction extends also to future msp To this end, we assess

fourteen aMCI patients and their respective costrol

In Chapter 8 we investigate whether the performawfcpeople with Parkinson’s
disease (PD) on future simulation tasks is depearalsn on executive control rather
than solely on memory. Thus, we study patients authmemory problems, to
ascertain whether they might still present withfidifities future thinking. Should
this be the case, we will explore the charactesstif those who failed in this task.
Thirty-one PD patients and their matched controks asked to imagine plausible

future scenarios.

In Chapter 9 we discuss the hypothesis that patieptesenting with

impairments out with the domain of memory, sucleascutive dysfuctions, might
perform poorly not only on a future task, but algleen describing current settings
while physically present in them. We investigates thypothesis by assessing
fourteen PD patients and matched controls. Thesipigtiwere recruited from the

sample reported in Chapter 8.
Chapter 10 stems from a debate concerning the fuseo@articular types of cue in

testing amnesic patients (see Maguire & Hassabit];2Squire et al., 2011). Here

we further investigate the amount of details pradpiy two types of cue (namely a
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short sentence descriptor, Hassabis-like vs. desingrd cue, Squire-like) in future
descriptions in two cases of patients with amné&Si&,. and M.D. The main question
addressed in this study is which cue encouragesherrvisualization avoiding

semantic biases.

Chapter 11 reports on a single case, patient Twho confabulates when
remembering past personal episodes. We aim at sasgesvhether or not
confabulations regarding the past might extend &dsthe future and to a scene

construction condition.

We finally discuss the findings reported in thissdirtation taken together in Chapter
12.
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4. The role of the cues in eliciting future

thoughts

4.1 Introduction

The present study sprang from the attempt of utal®lsg the properties of the
different cues prompting future constructions. Hegeneous cues have been used in
the various studies of future thinking. Severalhaws have acknowledged that the
type of cue used is a crucial factor to be takdén actcount when interpreting the
results (Race et al., 2011; Hurley et al., 2011gMee & Hassabis, 2011). Indeed,
the difference in cues has been considered theneas having obtained different
outcomes, hence leading to different conclusiong.,(®aguire & Hassabis, 2011;
Hurley et al., 2011). Nonetheless, the issue ofitif@ortance of cue has never been
addressed directly in studies exploring the abiliy foreseeing. Knowing the
properties of particular kinds of cue might allaweschew biases or to recognize and
interpret them in the appropriate way should theguo. Some authors have used
single cue-words (i.e.,coffe€, Kwan et al., 2010; Squire et al., 2010), someeat
preferred short verbal sentences (i.amdgine you are lying on a white sandy beach
in a beautiful tropical bay; Hassabis et al., 2007; oidnfagine catching your
grandchild getting into trouble twenty years fromwi, Race et al., 2011). In the
former case, the cue is generic and usually ppeits are told that the cue is just a
prompt to imagine a particular scenario, whichyefare, is not framed by the cue.
In the latter cases the cues are more specifiqgoamdde a setting (as in Hassabis et
al.) or a template (as in Race et al.’s). When Blaisset al. (2007) investigated the
ability of constructing fictitious scenarios in pigcampal amnesiacs, they stated that
they adopted the specific short sentence descripoy “lmagine you are lying on a
white sandy beach in a beautiful tropical bayd increase the probability that their
patients relied on generic memory representations treducing the effect of

retrieving from episodic memory. However, whethenot a specific cue allows one
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to access to more “semanticized” memories remamtsemof debate (see Maguire &
Hassabis, 2011 and Squire et al., 2011).

Kwan et al. (2010) have reported that the motherHd€., a patient with
developmental amnesia, resulting from a bilateqapdcampal atrophy, considered
many of her daughter’s past memories (elicitedhairtstudy by means of the single
cue word) as “stories that had been retold over ybars and may have been
‘semanticized’ to some extent” (p. 3184). To avtid bias, i.e., to minimize the
description of stories frequently retrieved or lét&Race et al. (2011) adopted a more
specific short descriptor cue. Maguire and Hass@iti$1) have ascribed to Squire et
al.’s (2010) study a semantic bias related to geeaf the single-word cues. Maguire
and Hassabis (2011) have noted that the single-veoes could have elicited
descriptions based on semantics. This objectiomsde contrast with what they
themselves had stated in their previous study, eviieey said to have used short
sentences descriptor with the aim of enhancing dbpendence on semantics
(Hassabis et al., 2007).

The debate acquired particular relevance sincesdhse patient, H.C., was found to
be impaired at imagining future thinking when tlesctiptions were prompted with a
single-word cue (Kwan et al., 2010) and unimpaivdten prompted with short
descriptions (Hurley et al., 2011). A possible angnt that was suggested to explain
this difference was that a specific cue (short-dpgmr) might somehow help patients
in generating specific scenarios (Hurley et al1D0However, this was not true for
Hassabis et al.’s (2007) patients, who were founblet impaired although they were
tested with short sentences as cues. In additignijré& et al. (2010) reported on
hippocampal patients who exhibited a preservedityabdf constructing future

experiences in response to single-word cues.
Digging into the debate regarding the different scuencovers a number of

inconsistencies leaving open the question as telwlype of cue might facilitate the

construction of plausible future scenarios.

a7



We aimed at partially disentangling this issue,cbynparing two different kinds of
cue, i.e., a generic cue, i.e. common objects,(&able, appl¢, and a cue that
characterized a specific setting (emarket, kitchen Both cues were presented as
single words, to minimize the differences betwdss procedures. The prompts did
not differ in length, but in the level of specifizi According to Hassabis et al. (2007)
and Hurley et al. (2011), patients with brain iggrshould find it less challenging to
perform a future task in response to a setting-€C@@mmonplace, everyday
scenarios were specifically selected to increasedégpendence of constructions on
generalized semantic memory representations forrfredn numerous prior
experiences, and thus minimize any possible carttab of recent or even remote
episodic memories” Hassabis et al., 2007, p. 17@9gn that, in this way, they are
prone to generate more semantic descriptions With,a greater amount of external
details) On the contrary, Maguire and Hassabis 1pdnd Race et al. (2011)
maintained that an object-cue is more likely t@iek semantic bias, than a setting-
cue. Indeed, Race et al. (2011) stated that theg heed a cue representing a context
to discourage participants from reporting frequentkcalled and retold event
information and Maguire and Hassabis (2011) arghat“participants did not have
vivid and coherent scenarios in mind but may, mdtehave supplied descriptions
that were more semantic in nature, and recall feemantic memory is spared in
patients with damage to the hippocampus. This sehbias is likely caused by the
single word cues used by Squire et al. comparel thi¢ full sentence descriptors
used in other studies, which specifically encouragk visualization”. We aim at
contrasting these two hypotheses.

In particular, our goal is to compare the futurergs elicited using two different

types of single word cue: a cue defining an objeet, object-cue) versus a cue
defining a setting (i.e., setting-cue). We will qoamne the future events on the basis
of a priori parameters: the richness of internahiig the richness of external details,
the perceived phenomenological characteristics,thadime of response needed to
construct the events. In line with Conway (2001);, bypothesis is that participants
will produce more internal and less external dstail response to the setting-cues
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than in response to the object-cues, and that Wikytake longer to generate an

event elicited by an object-cue than with a setting.

4.2 Method

4.2.1 Participants

Forty young adults (20 males and 20 females) ppatied in this experiment as
volunteers. The average age and education was(28.7) and 15.8_(3.25) years,
respectively. None of the participants had anyolnysof neurological or psychiatric

disorders.

4.2.2 Materials and experimental procedures

The experiment was carried out in one session.iciamts were required to
remember and imagine autobiographical episode®sponse to eight cue-words.
Four of these cue-words were objects (e.g., tadyple) and four of them were
settings (e.g., church, market). Participants wastructed to retrieve or imagine
specific events (which had to take place at a §ipenine and in a specific place),
that had happened to them in the past or that nlighpen to them in the future,
related to a specific cue-word. When asked to imaduture events, they were
instructed to avoid retrieving memories of pastrgéser parts of them, but rather to
imagine events that could happen to them in theréugiven their current plans and
goals. They were given the following example: “kwstance, if | ask you to imagine
any event that might happen to you during the mext years, which involves the
wordtable you should try to imagine a particular conversatia particular meal or a
particular moment occurring while sitting at a gbthat could last from a few

minutes up to an hour”.
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Each trial started with a slide presented on a aderpscreen, and with the task
instructions concerning the temporal direction (@ember or imagine) and the cue
word. An example of the instruction given to thet#pants in the object-cue
condition was Imagine an episode that might happen to you imt years which
might involve an apple”(for the future task) andRemember an episode that
happened to you in the past which have involvedpote” (for the past task). In the
setting-cue condition participants were promptedolewing “Imagine an episode
that might happen to you in the next years at akefar(for the future task) and
“Remember an episode that happened to you in pastratrket (for the past task).
There was no time limit for imagining or retrievitge event. Participants were
solely required to say “STOP” when they had re&tkwr imagined the event. A

stopwatch was used to register each participainmt’s of response.

Once they stated that they had remembered/imagiree@vent, they were asked to
describe it in as much detail as possible, and castxeexperience it as vividly as
possible, including aspects such as setting, tdbjec people present, what had
happened, as well as any emotions, colours, sntali$es, or sounds which was

elicited.

Recollections and simulations were digitally re@atdo enable later transcriptions
and subsequent scoring of the participants’ regmnéfter the transcription, a
trained rater systematically parsed the detailegead in the past and future events
using the standardized scoring procedure develbgedevine et al. (2002). Thus,
first she segmented the main event (i.e., the nakked about, with a brief
timeframe) into details and then distinguished leetv (a) internal details (i.e.,
episodic information pertaining to the main evepigcific to time and place) and (b)
external details (general knowledge related tcetrent). Internal details were further
categorized into: (a) event (happenings, individuptesent, physical/emotional
actions and reactions, weather), (b) place (inféionmaabout the environment where
the event occurred), (c) time (date, season, malay of the week, time of day), (d)
perceptual (sensory information, body position) d&ef emotion (emotional state,

thoughts). External details were further categarizeo: (a) external event (specific
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details from other incidents, from all of the abmagegories, external to the main
event), (b) semantic (general knowledge or faatgomg events, extended states of
being), (c) repetition (unsolicited repetition oetdils), and (d) other, such as
metacognitive statements, or editorializing. Fumiare, a second rater, trained for

this purpose, was asked to score 20 protocols.

Following the description of each event, the pgénts were asked to rate the
phenomenological characteristics of the mentalesgnmtation they had just formed
on a 7-point scale, using a modified version of ME€Q questionnaire (see
D’Argembeau & van der Linden, 2004). The modifiedrsion of the MCQ
guestionnaire that we used has been reported iedgp A.

4.3 Results

4.3.1 Ratings of phenomenological characteristics

The ratings of visual details, sounds, smells, etasivere averaged, for each
participant, to form a general “sensorial detailslex”. Likewise, the ratings of
clarity of location, clarity of spatial arrangemeftobjects and people were averaged
into a “clarity of location index” (D'Argembeau & an der Linden, 2004).
Furthermore, the scoring included a “temporal iridedicating the temporal details
included in each representation), a “structural exid (indicating how clear
participants considered their representations), amdindex of intensity” (which
indicated how strong was the feeling of re-expeaiileg or pre-experiencing the
event). The main ratings, with the respective sdamhcerrors, are showed in Table
4.1.
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Index Future
Object-cue Setting-cue Object-cue Setting-cue
Sensorial | 4.27 (1.1) 4.50(4.2) 4.34(4.2) 4.26(4.3)
Location 5.48(+0.9) 5.34(4.1) 4.86(4.4) 4.35(41.4)
Temporal 5.39(+1.3) 5.24(4.5) 4.19(4.7) 4.50(4.9)
Structural 5.46(+.1) 5.85(-0.8) 5.05(4.5) 5.09(4.4)
Intensity 5.06(+1.3) 5.35(4.1) 5.25(4.2) 5.06(4.3)

Table 4.1 - Mean ratings (+standard errors) as a function of temporal directon

of the event (past vs. future) and of typology ofue (object vs. setting).

* Future episodes were related to a higheclarity of location index when the

prompt was an object, rather than a settingt(39) = 2.36p = 0.02.

Separate 2 (temporal direction: past vs. futur@) (type of cue: object vs. setting)

analyses of variance were carried out for each @inenal characteristid@ he results

showed no difference between past and future evaidised with object-cues or

with setting-cues, as regard to gensorial details index

Two main effects were observed for tarity of location index:

temporal directioni-(1, 38) = 21.15p < 0.001, indicating that overall
participants rated past events as spatially cle@ver 5.41; SD =
1.06) than future events (M = 4.61; SD = 1.42);

type of cueF (1,38) = 4.84p = 0.03 (with Bonferroni adjustment for
multiple comparisons), indicating that overall spladrrangement and
clarity of location were better defined in eventsmppted by object-
cues (M =5.17; SD = 0.31) than in those promptedditing-cues (M
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= 4.85; SD = 0.17). This difference was particdylaelevant for
future episodes. Post-hoc t-tests revealed nordift between the
clarity of location indexin past episodes prompted either with a
setting or with an object cue. On the contraryufetepisodes were
related to a higheclarity of location indexwhen the prompt was an
object (M = 4.85; SD = 1.42), rather than a set{iMg= 4.35; SD =
1.38),1(39) = 2.36p = 0.02.

Overall, thetemporal connotatiorappeared clearer to participants for past episodes
(M = 5.31; SD = 0.14) than for future episodes (M}.34; SD = 0.14)F(1,38) =
24.34,p < 0.001. No differences were observed on the luddise different types of

cue.
The same pattern was observed forgtractural index whereby, despite the lack of
differences between the cue type, participantdratest events (M = 5.66; SD =
0.22) as being better than future events (M = 53IB;= 0.02)F (1,38) = 10.21p <
0.005.

No differences were found concerning théex of intensity.

The results of the statistical analyses are digglay Table 4.2 and 4.3.

53



Index Past Mean| Future Significance of the

Mean differences between Past

and

Future Means

Sensorial 4.38(+1.6) 4.3(4.8) n.s.
Location 5.41(+#1.06) | 4.61(#1.42)| F(1, 38) =21.15p < 0.001
Temporal 5.31(#0.14) | 4.34(40.14) | F(1,38) = 24.34p < 0.001
Structural 5.66(40.22) | 5.06(#0.02)| F (1,38) = 10.21p < 0.005

Intensity 5.2(#1.1) | 5.15(4.1) n.s.

Table 4.2 - Mean ratings (+standard errors) as a function of temporal directon

of the event (past vs. future) and the results ohe ANOVASs.

Index Object-cue | Setting- Significance of the differences
Mean cue Mean between Object- and
Setting-cue
Sensorial | 4.3(+1.1) 4.3(4.1) n.s.
Location 5.1(#0.3) 4.8(0.1) F (1,38) =4.84p=0.03
Temporal 4.7(+0.2) 4.8(0.2) n.s.
Structural 5.2(#0.1) 5.4(0.1) n.s.
Intensity 5.1(#1.1) 5.2(4.1) n.s.

Table 4.3 - Mean ratings (+standard errors) as a function of typology of cue
(object vs. setting) and the results of the ANOVAS.
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4.3.2 Scoring of internal and external details

The inter-rater reliability r) between the two raters who scored the descrigtion
calculated on a subset of 20 randomly selectedpots, was .94.

An overall ANOVA 2 (temporal direction: past vs.tite) x 2 (detail: internal vs.
external) x 2 (type of cue: object vs. setting)icated the main effects of temporal
direction ¢ (1,38) = 16.65p < 0.001), detailsK (1, 38) = 259.57p < 0.001), and
cue type F (1, 38) = 5.27p < 0.05). Furthermore, two interactions were sigiaifit,
i.e., the interaction between details and cue ti@,38) = 23.29p < 0.001, and the
interaction between temporal direction and det&ild,,38) = 10.62p < 0.005.

The three main effects showed that overall
* more details were generated in past events (M =S¥ = 3.6)
than in future events (M = 6.4; SD = 2.4);
» participants produced more internal (M = 12.6; SDB1.9) than
external (M = 1.5; SD = 1.2) details;
* more details were generated in response to settiagM = 7.3;
SD = 3.3) than to object cue (M =6.8; SD = 2.7).

Post-hoc t-tests were carried out to further amatiie two interactions (i.e., detail x
type of Cue and temporal direction x detail). THests showed that the amount of
internal details generated was greater in resptmaesetting-cue (M = 13.35; SD =
5.7) than in response to an object-cue (M = 11H7;= 4.5),t(39) = -3-65,p <
0.005. Furthermore, less external details were ygmed when the prompt was a
setting-cue (M = 1.34; SD = 1.2) compared to ajeatbcue (M = 1.75; SD = 1.5),
t(39) = 2.89,p < 0.01 (see Figure 4.1) (see Table 4.4). For wiwaicerns the
interaction between temporal direction and detéhils,t-tests suggested that a greater
amount of internal details were generated in pashts (M = 13.8; SD = 6.3) than in
future events (M = 11.42; SD = 4.18(39) = 3.75,p < 0.005. No differences were

observed as regard to external details.
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Typology of cue Details
Internal External
Object 11.87(#4.5) 1.75¢1.5)*
Setting 13.35(45.7)* 1.34(+.2)

Table 4.4 - Mean number (+ standard deviations) of internal and external
details prompted with object vs. settin-cues.

* The mean ofinternal details elicited with the setting cuas significantly higher
than that of internal details prompted with the object cue and the mean c
external details prompted with the object cue is sigificantly higher than that of

external details prompted with the setting cue

20
15
10 - W Internal Details
W External Details
5 -
O -
Object-cue Setting-cue

Figure 4.1 -Mean number of internal and external details promped with object
vS. settingeues. Error bars indicate standard deviations

Two separate 2 (detail: internal vs. external) type of cue: setting vs. objec

ANOVAs were conducted in the past and in future conditions
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The 2 (detail: internal vs. external) x 2 (type afe: setting vs. object) ANOVA
conducted in the past condition showed a significitail x type of cue interaction,
F(1,38) = 7.83,p < 0.01. Post-hoc tests showed no significant diffiee in the
amount of external details produced with the sgttine or with the object-cue. On
the contrary, the number of internal details praduim response to setting cues was
significantly greater (M = 14.76, SD = 8.27) thdre tnumber of internal details
produced in response to object cues (M = 12.845=%15),t(39) = -2.27p < 0.05.

The separate 2 (detail: internal vs. external) &ype of cue: setting vs. object)
ANOVA conducted solely in the future condition raled a significant detail x type
of cue interactionf(1,38) = 4.27p < 0.05. Post-hoc t-tests showed no significant
differences in the number of internal details gatet with the two different types of
cue. However, more external details were generateglsponse to object cues (M =
1.69; SD = 1.56) than in response to setting ches (.28; SD = 1.18)(39) = 2.28,

p < 0.05.

Finally, we analysed the time of response (in sdsprthat elapsed between the
presentation of the cue-word and the moment wherpérticipant started reporting
his description. An ANOVA 2 (past vs. future) x 8bf{ect-cue vs. setting-cue)
revealed a main effect of the type of c&€],38) = 4.93p < 0.05, indicating that
participants took longer to retrieve or construastpand future episodes when the cue
was an object (M= 20.57; SR.c= 18.51) than when the cue was a setting.{M
15.73; SRec = 10.71) (see Figure 4.2). Post-hoc t-tests redealo significant
difference in time of response of past recolledi@ticited with setting or object
cues. The difference was, instead, significant egand to the future episodes.
Participants took longer to imagine future eventemprompted by an object cue (M
= 21.15; SD = 25.21), than by a setting cue (M =98 = 11.59){(39) = 2.48p <
0.05.
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Time of Response

40
35

30
25

15 -

10 -

Object-cue

Setting-cue

B Timeof Response

Figure 4.2 -Mean of time of responses expressed in seconds. &rbars indicate

standard deviations

4.4 Discussion

The findingsthat have beereported in this chapter reveal that participamsisegatec

more details in response to the sercues than in response to the ol-cues. In

particular, more internal details and less extedwethils were generated when

prompt was a setting ratt than when it was an object. Furthermore, partidg

took longer to generate an event elicited with bjed-cue than with a setti-cue.

However, the perceiveclarity of location indexgiven by the spatial arrangement

people and objects and thearity of location, washigher in episodes elicited |

objecteues than in those prompted by sek-cues.
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In particular, future events elicited with objectes were richer in semantic
(external) details, required more time to be camséd, and were related to a

stronger clarity of location index, if comparedhose elicited by setting-cues.

The present study adds a valuable contributiohéa¢cent debate regarding the use
of the cue in future thinking literature. Indeedshows, first, that the generation of
future reports as that of past recollections magyend on the type of cue used, and
that a more specific cue, representing in our @asetting, might more easily elicit
past and future constructions with more episodiatee and less semantic details. At
odds with what Hassabis et al. (2007) suggestediesults imply that a setting-cue

might increase the dependence on less semantic n@smo

The specificity of the cue is a matter of particufderest considering that, according
to Conway (2001), “autobiographical memory knowledigase is highly sensitive to
cues” (p. 1377). The cue-driven retrieval procass.,(the process of retrieving
memories when there is a voluntary intention ofndoso) usually starts from a
search of episodes at a general level. Most ofcthes activate different general
events or lifetime periods. For this reason, théivason is often weak and,
consequently, it fades rapidly. “Direct access ardgurs when a cue maps on to and,
consequently, highly activates episodic memoryhéita single or set of episodic
memories) and activation spreads from here to glesigeneral event and to an
associated lifetime period” (Conway, 2001, p. 13#8)wever, as the author has
noted, this occurrence is atypical, given thas itdre that a cue exactly matches the
content of an episodic memory. Therefore, an inbeat retrieval mechanism
usually involves the elaboration of the cue, thenmmey search and the evaluation of
the output obtained. When the outputs are notfgaigs they are further explored
and another memory search initiates. Thus, the ngereeral the cue, the more
complex the activation of a specific episodic meynd/hen a general prompt is
presented by the experimenter, the activation sgexific memory takes longer, as it
requires a number of steps. Conway (2001) consgiddre case in which the cue-
word chair is provided to the participant in the attempt ofrppting the retrieval of

an episodic past episode. The first step is toecaunélize the object, putting it in an
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environmental reference frame. Thus, for instattoe participant thinks of the chair
he has got in the kitchen at home. Then, he willtdrfurther elaborate on the cue,
asking himself where he bought that chair, for epl@ntrying to remember an
episode in which this object appeared. The derimémmation produced a number
of further searches more and more specific whiohllfy allow the person to access

the specific episodic memories and the relatedasgnserceptual details.

Our findings support Conway’s model, which suggektst generic memories are
more likely to be activated by a generic word, ldkair. In line with that model, the

activation of generic memories is the first steghef retrieving process, in light of a
hierarchical organization of autobiographical meynex healthy person would find

it easier to access specific memories with theohid specific prompt, because this
would bypass the process of further elaborationghef cue in the attempt of
contextualizing it. Therefore, according to thiswj people are more likely to report
generic memories in response to a general cue éegingle word cue indicating an
object) rather than to a more contextualized cug,(a short description of a setting,
or a single word cue representing a setting). @ntyil they would find it easier to

construct “semanticized” future episodes (poorverg-related details) in response
to a generic cue word rather than in responsenora specific cue.

The perceivedlarity of location indexvas higher in episodes elicited by object-cues
than in those prompted by setting-cues. This figadmght be due to the fact that the
process of constructing events prompted with aratijue took longer than that
required when the prompt was a setting-cue. Whenctle was an object, in fact,
participants had to search the details neededtta seenario and recombine them.
Thus, they had more time to mentally experiencduhee event and to organize the
setting where the scenario would take place. Thaggss might have increased the
perceived clarity of the spatial arrangement ofgbe@nd objects present and the

clarity of location.

The longer time of response that we have found wherprompt was an object-cue

rather than a setting-cue suggests that greateitoegdemands might be associated
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to the former cue rather than to the latter oneerdtore, our results corroborate a
number of previous observations (Race et al., 20urley et al., 2011; and
Maguire and Hassabis, 2011) and stand in strikorgrast with what Hassabis et al.
(2007) stated. In line with Hurley et al. (2011) wuggest that an object-cue might
be more challenging than a setting-cue, becaugdades a greater demand on
strategic searching rather than on the event amigin. And indeed, Hurley et al.’s
patient (H.C.) was unimpaired at the constructibmavel scenarios prompted by
short verbal descriptions of settings, whereas whe impaired in a future task

prompted by object cues (Kwan et al., 2010).

Some researchers (e.g., Race et al., 2011) préfésreise a very specific cue to
decrease the probability that their patients rely generic autobiographical
knowledge when constructing future experiencedighit of the current findings, we
opted instead to use in our experiments more geonees (the object-cues), which
load on both strategic searching and event conginjcmaking the task more
challenging, and, thus, more sensitive to deteopairments at each single step of
episodic future thinking. Moreover, our findingsveal that object-cues might be
associated to a stronger feeling of perceivedtglafi location, which measures the
spatial coherence and vividness of the constrisehario. The strength of such
feeling and the number of internal details preserhe future episodes testified the
contiguousness and the consistency of each futeserigtion. That is, although
reports prompted by object cues might rely moresemantics, as Maguire and
Hassabis (2011) suggested, this does not imply ttheyt are less vivid and less
coherent than those elicited by setting-cues, ds @dth what Maguire and Hassabis
themselves argued. However, it is worth specifyirag we did not use a short verbal
description in the present experiment. Our aim wakeed to follow two similar
procedures and not to introduce other variables\liko add confusion. Therefore,
the setting-cue that we used was only partly coaiparto the short-sentence
descriptor adopted by Hassabis et al. (2007). Bbtthem represent a setting, but
Hassabis et al.’s cue was more detailed and digposdess any temporal indication
(“Imagine you are lying on a white sandy beach ireautiful tropical bay’); ours
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instead did (Imagine an episode that might happen to youhe next years on a
beach”).
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5. The role of past in the simulation of

autobiographical future episodes  *

5.1 Introduction

As we have seen in the introduction, many investigahave begun to approach
episodic memory in a broader context that considess only the ability of
individuals to re-experience past events but disocapacity to envision oneself in a
specific future scenario (Schacter & Addis, 2003addendorf & Corballis, 2007).
The role that episodic memory plays in simulatimgspnal future events has been
formally stated in the aforementionednstructive episodic simulation hypothesis
(Schacter & Addis, 2007a), which suggests that mesoence and future thinking are
the expression of the same neurocognitive systems Aypothesis states that the
constructive nature of episodic memory allows ooedtaw on the past and to
flexibly extract and recombine elements of previexperiences. The constructive
episodic simulation hypothesis has received gensugport from evidence of
cognitive and neural overlap between past anddutuents. For instance, it has been
shown that the phenomenal characteristics assdondth projecting oneself into the
past and into the future are influenced by suctofacas the temporal distance from
the present (D’Argembeau & van der Linden, 2004 atso Addis et al., 2008;
D’Argembeau & van der Linden, 2006; Spreng & Levin2006). Three
neuroimaging studies have highlighted a commonaiewatwork, including bilateral
frontopolar and medial temporal regions, when rebyeng past and imagining
future events (Addis et al., 2007; Okuda et alQ30Szpunar et al., 2007). This
common network of regions showed greater activattben participants envisioned

their personal future or recollected their past@wmpared with control tasks, such as

* Gamboz N, Brandimonte MA, de Vito S (2010). “Thader of past in the simulation of
autobiographical future episode&xperimental Psycholog: 1-10.
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imagining another person participating in spec#éients (Szpunar et al., 2007).
These results indicate that these brain areas m@erentially engaged in self-
referential mental activity. Not surprisingly, tmetwork is remarkably similar to the
network consistently involved in the retrieval opisodic memories of past

autobiographical events (Maguire, 2001).

Most recently, this network of regions has beengssted to belong to an

anatomically defined brain system (default netwotkpt is activated when

individuals engage in internally focused tasks udotg autobiographical memory

retrieval, envisioning the future, and conceivihg perspectives of others (Buckner
et al., 2008). The idea that thinking of the futiseclosely related to retrospective
memory is also strengthened by evidence indicahiatgamnesic patients are highly
impaired on both retrieving past and imagining fatwautobiographical events
(Hassabis et al., 2007; Klein & Loftus, 2002; Tulyj 1985).

Taken together, these results are generally cemsigiith the view that reminiscence
and future thinking are closely related activitiasd involve similar processes.
However, we believe that there is an important tioeshat should be addressed
before any further theorizing on the common neugodove substrate of thinking

about the past and of thinking about the futureatTis, is it possible to spot a
boundary between past and future thinking? We reabahat, although both

processes draw on elements of previous experieasestated by the constructive
episodic simulation hypothesis, envisioning futwseenarios is unquestionably
cognitively more demanding than recollecting pagtegiences. Namely, mentally
travelling forth to the future, more than travedliback to the past, involves both the
retrieval of elements of past experiences and ¢mstcuction of new representations
of what might plausibly occur in the future. Accmgly, it has been observed that
the ability of future thinking necessitates a geeateural activity (Okuda et al., 2003;
Addis et al., 2007). Specific frontal polar regiaare more active when thinking and
verbally describing future prospects, than whenkimg and reporting past events.
Furthermore, infinite elements within the autobaygrical episodic memory might

be taken into account with the aim of contrastinfyitare simulation. Thus, future
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thinking might be considered more effortful thamesmbering (Anderson et al., in

press).

It seems, therefore, legitimate to wonder whetimelividuals who are engaged in
imagining future events actually produce novel ac@s or whether they rather rely,
more or less deliberately, on some alternativetesjas. As a matter of fact, earlier
studies concerned with episodic future thinkindefhito acknowledge that people
can employ different strategies to comply with teguirements of envisioning
personal future experiences. Furthermore, partitgpavere explicitly asked to
imagine novel (i.e., not previously experiencedjufa events in some previous
studies (e.g., Addis et al., 2007, 2008), wheréas request was not specified in
other studies (e.g., D’Argembeau & van der Lind&04; Szpunar et al., 2007).

In the present study we aimed at assessing whethmat participants, who engage in
episodic future thinking, are likely to retrieve,l@ast occasionally, events that have
already taken place and adjust them to fit in Wit test requirements. We believe
that this may represent a suitable strategy, easyplement in those cases in which
envisioning future episodes does not appear eashyjevable, as when participants
are experimentally cued to imagine future event$ &i single word, maybe under
time pressure (e.g., Addis et al., 2007, 2008).a8dressing this issue we do not
question human’s ability to simulate future everist we rather advocate the
necessity to disentangle the construction of tralgvel scenarios from the
reproduction of real, though impoverished, pastne&evhen measuring future

thinking.

To this end, in the present study, participantsewequired to mentally re-experience
and pre-experience temporally close and distambaagraphical episodes and rated
their phenomenal characteristics. In particular,asldressed the issue as to whether

participants’ future representations were really m&ents in two ways.

First, we explicitly asked participants to indicate novelty of a future event by

rating how often they experienced in the past #mesor a very similar event. This is
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the most straightforward way to explore whethetipigants’ future representations
resemble memories of events that had already tplase, rather than being true
simulations of novel events. However, one importrisideration is in order. The
constructive episodic simulation hypothesis (Satractt al., 2007) states that
imagination of future scenarios is formed by refng and flexibly recombining

elements of previous experiences in novel ways reate new and plausible
representations. This process plausibly leadsgpaattits to think about events that
are similar to previous experiences even when askéoink about events that have
never happened before. It follows that, even wharigpants rate an imagined
event as occurred very often, there is no diredtdemce that indicates that
participants simply remembered a past event anddked” it. That is, an event can
be very similar to past experiences but might séllolve around a totally novel

scenario. However, when participants rate an inefjievent as never occurred
before, this provides an unquestionable evident¢beohovelty of that event. It is the
comparison between past events and imagined exagpt$ as never occurred before
and between past events and imagined events ratedcarred very often that can
shed some light on the main issue of whether tlaeee significant differences

between past and future thought.

Second, participants performed a delayed recognidsk on new, old-remember,
and old-imagine words which also included remenkmaw judgments. This
delayed recognition task was included to ascertamw successfully participants
could discriminate between what they experiencedth@ past and what they
imagined could happen in the future. The worsedikerimination, the more likely
that participants reproduced past experiences as mBpisodes, somewhat
impoverished or distorted in their phenomenal duesli Accordingly, we predicted
that participants should falsely attribute old-inmegwords to remembered episodes.

Our goal, in the present study, is to assess whetheot participants, when asked to
perform future thinking tasks, are likely to rettgeevents that have already occurred.
Our hypothesis is that, at least occasionally,igipents engaging in episodic future

thinking, might retrieve past events instead ofstarcting new future events, and
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alter them to comply with the requirements of theestion. This might be an
effective strategy to avoid the difficulties assted with the creation of a future

scenario.

5.2 Experiment 1

5.2.1 Method

5.2.1.1 Participants

Twenty-eight young adults from Suor Orsola Beniacamiversity participated in
this experiment as volunteers. The average ageedandation were 25.0 (SD = 4.0)
and 15.6 (SD = 1.8) years, respectively. All pgraots had no history of

neurological or psychiatric disorders.

5.2.1.2 Materials and procedure

The experiment was conducted in two sessions. Quha first session, participants
mentally re-experienced and pre-experienced twqoeally close (few weeks) and
two temporally distant (few years) autobiographeaisodes in response to eight cue
words. The procedure was adapted from D’Argembemuvan der Linden (2004)
and from Addis et al. (2007). Participants wereoemaged to retrieve and imagine
temporally and contextually specific events. Futevents had also to be plausible,
given the participant’s plans, and novel, thatnist previously experienced by the
participant. Sixteen words were selected from theaBi et al. (2001) Italian norms
and were assigned to two sets of eight words eaelched for words’ familiarity,
frequency, imageability, and concreteness.
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Fourteen participants saw one set of cue worddewhe other fourteen participants
saw the other set of cue words. Within each setctle words were cycled through
conditions obtained by combining temporal directipemember or imagine) and
temporal distance (few weeks or few years). Eactiggzant was then assigned to a
counterbalanced version of the task with the caidtrthat half participants
performed the past task first, followed by the fattask, and the other half received
the opposite sequence. Any one trial started wituang slide presented on the
computer screen providing task instructions conogrithe temporal direction
(remember or imagine), the temporal distance (feegks or few years), and the cue

word.

Once an event had been retrieved or imagined (thageno time limit for retrieving

and imagining an event), participants were givers &0 retrieve or imagine as many
details as possible. Then, participants rated, €uoifit scales, the phenomenal
characteristics of each event using a modifiediwrrsf the MCQ questionnaire (see
D’Argembeau & van der Linden, 2004). More relevemtthe purpose of the present
research, we also included a question asking paatits to indicate the novelty of a
future event by rating how often they experiencedhe past the same or a very
similar event. This question was aimed at assediagparticipant’s tendency to

retrieve an event that had already taken placeaalpast it to fit in with the test

requirements, rather than imagining truly novelnseces. We included three further
questions investigating how rich the representatiba specific future episode was
with respect to familiar objects, places, and peofVe do not expect that people
imagine new elements — at least when they are @tplrequired to think about

plausible events, as in our experiments (but s@enga & McDermott, 2008) - but

we rather expect that imagined future events vififedwith respect to the number of
familiar elements included in them. It is likelyatithe lower the novelty (high rating
on frequency of occurrence), the more likely futenents are rated as rich of

familiar elements.

At the end of the first session, which lasted appnately 90 min, participants were

asked to come back to the Laboratory a week |aiéparticipants agreed to do so.
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Therefore, in the second session, an unexpectedmion task (createdd hocfor
each participant) was administered. The test ctawbisf 12 old-remember and 12
old-imagine words and 28 distractor items presenteca random order. Old-
remember and old-imagine words were the four cuelsvplus eight words selected,
for each participant, from the responses he/sheiged when describing the four
past and the four future episodes generated inonsgpto the cue words. More
precisely, two naive students, unaware of the mepaf the study, listened to the
recordings of each past and future event desciilyeglach participant and selected
the five words they evaluated as the most repraseatof each specific event. Then,
for each event, the experimenter selected the tamsvthat both naive students had
evaluated as the most representative. The 28 ciistriems, equivalent for each
participants, were selected from the Burani e{(2001) Italian norms and matched
the 8 cue words for words’ familiarity, frequenayageability, and concreteness. In
the recognition task, each word was presented enctimputer screen and the
participant was asked to make one of three posgildgments, that is, old-

remember, old-imagine, or new.

Participants were instructed:

(a) to give an old-remember response, when they rezegra word
as one of the cues used to prompt recollectionpEsh event or as
a word they produced when describing a past event;

(b) to give an old-imagine response, when they recegh& word as
one of the cues used to prompt imagination of aréuevent or as
a word they produced when describing a future e\amd

(c) to give a new response, when they recognized a a®uhrelated
to the previous task.

We have also investigated the subjective experieviceecognition by asking
participants to assign (by key press) their oldesrber and old-imagine responses
as either Remember (R), Know, (K) or Guess (G)arsps. The G response was

added in order to prevent participants from ushmgK option in case of uncertainty
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(Gardiner et al., 1996). Namely, participants wiegructed to make an R response
if they retrieved specific information relating titem to a previously retrieved or
imagined event, a K response if they recognizedttme on the basis of familiarity
without recollection, and a G response if they wameertain about whether or not

the item was related to the event. This secondsekssted approximately 30 min.

5.2.2 Results

5.2.2.1 Ratings of phenomenal characteristics

For both past and future events, the ratings ofwlrenear and the two distant events
were averaged into a single value for each phenamemaracteristic, for each

participant.
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Past Events

Future Events

Near Distant Near Distant
Sensorial details 4.4 (.19) 4.5 (0.20) 4.1 (.23) 4.0 (.21)
Structure 4.9 (.26) 4.5 (.24) 4.1 (.26) 4.4 (.30)
Clarity of location 5.6 (.19) 5.2 (.26) 4.8 (.28) 4.3 (.31)
Temporal 5.2 (.28) 4.9 (.32) 3.3 (.38) 3.4 (.39)
information
Valence 4.9 (.28) 4.6 (.29) 5.1 (.30) 5.5 (.25)
Intensity 4.7 (.30) 4.7 (.34) 5.1 (.25) 5.3 (.26)
Visual perspective 1.9 (.06) 1.9 (.05) 1.9 (.04) 1.9 (.06)
Richness / / 4.8 (.21) 4.1 (.29)
(of familiar objects,
people and places)
Frequency of / / 3.4 (.51) 3.1(.33)

occurrence (novelty)

Table 5.1 - Mean ratings (and standard errors) as &unction of event type (past

and future) and temporal distance (near and distantfor Experiment 1. Note.

Structure = My memory for this (the image of this titure) event is: 1 = sketchy/7

= very detailed. Novelty decreases proportionatelpas frequency of occurrence

increases, that is, the lower the rating, the highiehe novelty.

In addition, the ratings for visual details, sousdhell, taste, and tactile details were

averaged, for each participant, into a general@aisdetails index. Similarly, the

ratings for clarity of location, clarity of spatiafrangement of objects, and clarity of

spatial arrangement of people were grouped intmgles clarity of location index

(D’Argembeau & van der Linden, 2004). Finally, tlmatings for richness of

representations of future events with respect moilfar objects, places, and people

were grouped into a single richness index. The nmaings are presented in Table

5.1.
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Ratings Experiment 1 Experiment 2

Near Distant Near Distant
1 32.1 39.3 20.0 36.7
2 7.1 10.7 10.0 13.3
3 3.6 7.1 3.3 16.7
4 8.9 12.5 23.0 36.7
5 12.5 12.5 13.3 6.7
6 14.3 5.4 13.3 10.0
7 214 12.5 16.7 10.0

Table 5.2 - Frequency distribution of ratings conceing the novelty of future
scenarios as a function of temporal distance (neand distant) for Experiments
1 and 2. Note. The numbers indicate the percentage of events thatceived
ratings from 1 to 7 (out of 56 near events and 56istant events in Experiment 1

and of 30 near events and 30 distant events in Exjpaent 2).

Separate 2 (event type: past vs. future) x 2 (tealpdistance: near vs. distant)
analyses of variance were carried out for each @nenal characteristic. Results
indicated that memories for past events containemensensorial details than
representations of future events, F(1, 27) = §088,0.01, and were richer in internal
details than representations of future events, E{},= 5.47,p < 0.02. As regards

clarity of location, memories for past events wemere clearly represented than
representations of future events, F(1, 27) = 18%b¢, 0.0001, and both past and
future near events were more clearly representad distant events, F(1, 27) = 9.05,
p < 0.01. Concerning temporal information, memories fjast events were also

clearer than representations of future events, FH{()Ll= 26.19p < 0.0001.
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With respect to the richness of future represemtatiresults showed that near future
events were rated as more rich of familiar elemétigects, places, and people) than
distant future events, t(27) = 2.63,< 0.01, that is, the novelty was significantly
higher for distant future events than for near feitavents, t(27) = 2.1% < 0.05,

that is, envisaged distant future events were ratedess frequently experienced
before. The remaining rating scales did not difetween past and future events or

between near and distant events.

With respect to the novelty of future representatjowe hypothesized that, to the
extent that participants envisage truly novel sdesa the novelty of their
representations should be rated as high, thatnasaged future events should be
rated as never happened before. The inspectioreqéiéncy distribution of ratings
(Table 5.2), however, suggests that this was neayd the case. In fact, less than

40% of near and distant future events were ratethasl.

Next, we assessed to what extent past eventsetiffeom both future events rated as
high in novelty and future event rated as low irveity, with respect to their
phenomenal characteristics. To this aim, from thgirmal sample of 112 events (56
near and 56 distant) we selected only those ewbatshad been assigned either a
rating of 1 (never happened; 18 near and 22 distaents) or a rating of 7 (happened
very often; 12 near and 7 distant events). Whererhaghly novel events (either near
or distant) belonged to the same participant, thaimgs for each phenomenal
characteristic were averaged into a single valiee Jame procedure was used for
future events rated as low in novelty. In so doihgp samples of 19 and 11
participants, respectively, were obtained, who poed future events that were rated
as high and low in novelty. In order to compare pihenomenal characteristics of
past and future events that were high and low wrehy, for each participant in each
group the ratings of the two near and the two digtast events were averaged into a

single value for each phenomenal characteristic.

The results of repeated measure t tests indichtchighly novel future events were

less clearly represented than the correspondentepasts, with respect to location,
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t(18) = 2.83,p < 0.01, and temporal information, t(18) = 3.22< 0.005. No such
difference emerged between past and future evehtshwwere rated as low in

novelty.

5.2.2.2 Recognition memory

Mean proportion of participants’ responses (oldeerher, old-imagine, and new)
per word type are presented in Table 5.3. To exanparticipants’ ability to
discriminate between old and new items, a recagmitindex was calculated
separately for old-remember and old-imagine iteramgi the [P(old response) -
P(false alarm)] formula. These measures were baseall correct “old” responses
irrespective of whether these were associated watburate source attribution.
Results of repeated measure t tests indicatedhbatiscrimination accuracy for old-
imagine items was marginally higher than the disgration accuracy for old-
remember items, t(27) = 2.02 = 0.05 (see Table 5.3).
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Participants’ responses
Remember | Imagine | New Recognition | Correct
index source

Experiment 1

Old-remember 77(.04) .07(.03)| .18(.03 .74(.03) .87(.06)
Old-imagine .18(.04) .71(.05)| .11(.02 .80(.02) .57(.09)
New .05(.01) .03(.01)| .91(.01

Experiment 2

Old-remember .78(.04) .04(.02)| .18(.03 .75(.03) .90(.04)
Old-imagine .18(.04) .65(.05)| .11(.03 .76(.03) .56(.11)
New .02(.01) .05(.01)| .91(.02

Table 5.3 - Recognition memory as a function of wdrtype (old-remember, old-
imagine, and new) and source attribution for Expemments 1 and 2. Standard

errors are in parentheses.

To analyze participants’ ability to identify theroect source of recognized items, a
source-monitoring index (Johansson et al., 200% gaculated separately for old-
remember and old-imagine items using the followfogmula: [P(correct source

attribution) - P(wrong source attribution)]/[P(cect source attribution) + P(wrong

source attribution)]. Results of a Wilcoxon Matchedirs Test indicated that old-
remember items were attributed to their correctremwat a higher rate than old-
imagine items, T = 31.59 < 0.01 (see Table 5.3).
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Item type Remember Know

Experiment 1
Correct source attribution
Old-remember (254) .90 .10
Old-imagine (238) .89 A1
Incorrect source attribution
Old-remember (23) .83 17
Old-imagine (62) .79 21
Experiment 2
Correct source attribution
Old-remember (141) .94 .06
Old-imagine (117) .99 .01
Incorrect source attribution
Old-remember (7) 1.0 .00
Old-imagine (32) .97 .03

Table 5.4 - Mean proportion of Remember and Know rgponses as a function of
word type (old-remember, old-imagine, and new) andsource attribution
(correct and incorrect) for Experiments 1 and 2.Note. Parentheses indicate the
total number of participants’ old responses (out 0f336 in Experiment 1 and out
of 180 in Experiment 2); incorrect source attribution = old-remember and old-
imagine items attributed to the wrong source (i.e.,old-remember items
recognized as old-imagine items and old-imagine ites recognized as old-

remember items).

With respect to the subjective experience of rettagn (see Table 5.4), more R
responses than K responses were assigned to bothcttyp recognized old-
remember (R = 0.90, K = 0.10) and old-imagine itéRs 0.89, K = 0.11). None of

the participants provided a G response. Most ingmbrtmore R responses than K
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responses were also assigned to old-remember (B3:K = 0.17) and old-imagine
items (R = 0.79, K = 0.21) attributed to the wrosgurce, suggesting that the

incorrect source attribution was also based onaiouns recollection.

5.2.3 Discussion

Our goal in this experiment was to explore whethmarticipants’ future
representations may sometimes reproduce memoriegeots that had already taken
place, rather than being true simulations of n@wents. As regards the phenomenal
characteristics associated with mental time trawedrall, our results have replicated
previous findings (e.g., Addis et al., 2008; D’'Angigeau & van der Linden, 2004,
2006), indicating that real events contained mdrenpmenal details than imagined
events, in line with the reality monitoring framewkde.g., Johnson et al., 1988). In
addition, our findings that near future events wated as richer of familiar objects,
places, and people than distant future events dit with the temporal construal
theory of Trope and Liberman (2003), which sugg#sas representations of distant
future events are more abstract and decontextdatizen representations of near
future events. Most important for the purpose @& present research, the results
concerning the novelty of episodic future eventidated that some future events
that have been evoked by participants were ratdthaisg had already occurred or
very similar to past events. It is interesting menthat the rating of frequency of
occurrence (the higher the rate the lesser theltypwa distant future events was
significantly smaller than the rating of frequerafyoccurrence of near future events.
To date, future events with a low novelty were stidiguishable from past events

with respect to their phenomenal characteristics.

Results from the delayed recognition task have piswided important information
on future events evoked by participants. We assumd the more past experiences
are reproduced as new episodes, the harder it dshmmulto correctly discriminate
between past and future events. Discrimination r@ogufor old-remember and old-

imagine items was very high and almost equivalétdwever, in line with our

77



hypothesis, participants falsely attributed old-gm& words to remembered episodes
at a higher rate than the opposite (though the gotigm of incorrect source
attribution was quite low). Furthermore, both cotreand incorrect source
attributions were based on conscious recollectias, indicated by the larger
proportion of R responses than K responses assddiatboth correctly recognized
old-remember and old-imagine items and to old-rebwmand old-imagine items
attributed to the wrong source.

The results of Experiment 1 therefore indicate,tbatsome occasions, participants
reproduce events already occurred in the past r sienilar to past events, rather
than envisioning truly novel events. However, tlesults of the recognition task
should be taken with caution because the wordsctesl ad hoc for each participant,
may have contained idiosyncratic references thatdchave reminded a person of
one of the several events he/she experienced ipabkeassociated with that word.
Namely, participants may have mistaken more fretiyéine source for old-imagine

than for old-remember words because, in their tiey accumulated many different
experiences associated with a particular word. pibears therefore essential to
replicate Experiment 1 by checking whether paréiniis® responses in the

recognition task correspond to the original eveeported during the first part of the

task.

5.3 Experiment 2

5.3.1 Method

5.3.1.1 Participants

Fifteen young adults from the Suor Orsola Beninddsaersity participated in this

experiment as volunteers. The average age andvérage education were 27.5 (SD
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= 5.1) and 14.4 (SD = 3.0) years, respectively. gdtticipants had no history of

neurological or psychiatric disorders.

5.3.1.2 Materials and procedure

The experiment was conducted in two sessionsniasipproximately 90 min each.
The first session was the same as in Experimeirt the second session, a week
later, participants performed the unexpected reitiogrtask, which was the same as
in Experiment 1 except for the inclusion of theuest to indicate, after each old
response, the event related to the item recograsedither old-remember or old-
imagine. More precisely, after classifying theird-oemember and old-imagine
responses as either Remember (R), Know, (K) or &(@3% responses, participants
were instructed to shortly describe the event,eeittmembered or imagined during
the first part of the experiment, that was relatecthat particular item that was
recognized as old. This debriefing procedure waduded to check whether
participants’ responses in the recognition tasklapped the original events reported

during the first part of the task.

5.3.2 Results and discussion

5.3.2.1 Ratings of phenomenal characteristics

The analyses of the ratings for the phenomenalachernistics were the same as in
Experiment 1. The mean ratings are presented iteTab. As in Experiment 1, and
in line with earlier studies (e.g., D’Argembeau &rvder Linden, 2004, 2006),
results indicated that, overall, past events casthimore phenomenal details than
imagined events. In particular, as regards thatglaf location, memories for past

events were more clearly represented than repiegssmg of future events, F(1, 14) =
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32.3,p < 0.0001, and both past and future near events mere clearly represented
than distant events, F(1, 14) = 6.85 0.05.

Past Events Future Events

Near Distant Near Distant
Sensorial details 4.5(.24) 4.1 (.22) 4.2 (.28) 4.0 (.20)
Structure 4.7 (.40) 4.7 (.21) 3.9 (.49) 3.8 (.38)
Clarity of location 5.7 (.26) 5.2 (.24) 4.6 (.29) 3.9 (.32)
Temporal 4.7 (.51) 4.5 (.32) 3.3(.34) 2.5 (.37)
information
Valence 4.8 (.35) 4.4 (.38) 5.03 (.31) 4.8 (.37)
Intensity 4.9 (.25) 4.9 (.34) 4.9 (.41) 5.7 (.26)
Visual perspective 1.8 (.08) 1.7 (.09) 1.7 (.08) 1.7 (.09)
Richness / / 4.7 (.38) 3.7 (.26)
(of familiar objects,
people and places)
Frequency of / / 4.1 (.49) 2.9 (.46)
occurrence
(novelty)

Table 5.5 - Mean ratings (and standard errors) as &nction of event type (past

and future) and temporal distance (near and distarntfor Experiment 2. Note.

Structure = My memory for this (the image of this titure) event is: 1 = sketchy/7

= very detailed. Novelty decreases proportionatelas frequency of occurrence

increases, that is, the lower the rating, the highiehe novelty.
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Concerning temporal information, memories for pagtnts were also clearer than
representations of future events, F(1, 14) = 14180 .01. Experiment 2 replicated
results of Experiment 1 in that the rating of rieka of familiar objects, places, and
people for near future events was significantlyhkigthan the rating of richness for
distant future events, t(14) = 2.6¥< 0.02.

The novelty of distant future events was marginailyher than the novelty of near
future events, t(14) = 1.9p¢,= 0.054 (i.e., envisaged distant future events weeed
as less frequently experienced before). The remginating scales did not differ
between past and future events or between neadiataht events. The inspection of
Table 2.2 illustrating future events’ frequency atcurrence reveals that, as in
Experiment 1, participants imagined novel scena&i¥o and 36.7% of near and
distant future events, respectively, were ratechagel), but they also produced
representations of events that were rated as gl@adirred. As in Experiment 1, we
compared the phenomenal characteristics of pastuane events which were rated
as high or low in novelty. Two samples of, respaadti, 11 and 5 participants were
obtained, who produced future events that weredrasehigh (6 near and 11 distant
events) or low (5 near and 3 distant events) ineligv In line with results of
Experiment 1, highly novel future events contaifes$ sensorial details, t(10) = 4.3,
p < 0.001, were less complex, t(10) = 315 0.01, and less clearly represented with
respect to both location, t(10) = 5f8,< 0.001, and temporal information, t(10) =
3.1, p < 0.001, than past events. As in Experiment 1, rah glifference emerged
between past and future events which were ratémlras novelty.

5.3.2.2 Recognition memory

Mean proportions of participants’ responses (oldember, old-imagine, and new)
are presented in Table 5.3 as a function of wopk.tyResults from the delayed
recognition task in Experiment 2 replicated resoft&xperiment 1, indicating that,
although the overall discrimination accuracy fod-ctmember and old-imagine

items was very high and equivalent, participaniselfs attributed old-imagine words
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to remembered episodes at a higher rate than thex atay round, T = 96.5 <
0.001 (see Table 5.3). With respect to the sulveatkperience of recognition (see
Table 5.4), as in Experiment 1, more R responsas khresponses were assigned to
both correctly recognized old-remember (R = 0.94; B.06) and old-imagine items
(R=0.99, K=0.01).

Item type Same Different

Correct source attribution

Old-remember (141) .99 .01

Old-imagine (117) 1.0 .00

I ncorrect source attribution

Old-remember (7) 14 .86

Old-imagine (32) 1.0 .00

Table 5.6 - Mean proportion of correct (same) andnicorrect (different) matches
between the events recognized as old and the originevents described during
the first part of the experiment, as a function ofword type (old-remember and
oldimagine) and source attribution (correct and inorrect) for Experiment 2.

Note. Parentheses indicate the total number of participats’ old responses (max
180); incorrect source attribution = old-remember ad old-imagine items
attributed to the wrong source (i.e., old-rememberitems recognized as old-

imagine items and old-imagine items recognized asderemember items).

82



Furthermore, more R responses than K responses alsce assigned to old-
remember (R = 1.0, K = 0.00) and to old-imaginendge(R = 0.97, K = 0.03)

attributed to the wrong source.

Finally, and most important, in Experiment 2 we gamed participants’ responses to
the recognition task with the events rememberedimagdined in the first part of the

experiment. As it is illustrated in Table 5.6, ihetpresence of correct source
attributions, the events described by the partidpaduring the recognition task

overlap those remembered and imagined during tsiepart of the experiment.

However, the most interesting result refers to ¢hasises of incorrect source
attributions. In fact, for the few cases in which ald-remember item was
erroneously recognized as an old-imagine itemjgpants described an episode that
was remarkably different from that reported in tingt part of the experiment. To the
opposite, when an old-imagine item was erroneorestggnized as an old-remember
item, participants described the same episode prtesl in the first part of the
experiment, with the difference that, now, theyared the episode as being really

occurred in the past.

5.4 General discussion

In real life, projecting oneself forward in time poe-experience an event is generally
motivated by personal goals. In experimental sgs$tifnowever, self-projection into
the future may appear much more difficult and maysequently lead the participant
to rely, more or less deliberately, on some altiégvaastrategies. On the basis of this
considerations, in this chapter we aimed to assbgther participants, who engage
in episodic future thinking, produce genuine newnsgios or they rather might
retrieve, at least occasionally, events that hiready taken place and adjust them to
fit in with the test requirements. We believe iais important issue to ascertain how
people comply with the task requirements of envisig personal future experiences
if we wish to fully understand the mechanisms ulyiley this important function of
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everyday life. In the two experiments reported heéhe analyses of the ratings
indicated that the future events evoked by a nunobgrarticipants were rated as

being already occurred in the past or very simdgrast events.

Notably, in both experiments, future events thatenmated as low in novelty were
indistinguishable from past events with respecthir phenomenal characteristics.
To directly compare highly novel future events dotlire event rated as low in
novelty with respect to their phenomenal charasties, we run an additional
analysis by collapsing results from Experimentsid 2. More precisely, we selected
those participants who rated at least one futuenteas never occurred and at least
one future event as occurred very often (six paditts in Experiment 1 and three
participants in Experiment 2). When more eventhéeinear or distant) high or low
in novelty belonged to the same participant, tlraings for each phenomenal

characteristic were averaged into a single value.

In comparison to future events rated as low in hgyéighly novel future events
contained less sensorial details, t(8) = -p.% 0.05, were less clear with respect to
temporal information, t(8) = -3.& < 0.001, and were less rich of familiar objects,
places, and people, t(8) = -5.p, < 0.001, (for similar results see Szpunar &
McDermott, 2008).

An important result of this study concerns the ekte which participants reproduce
specific memories when simulating future eventsc8ally, the data suggest that
participants were more likely to be relying upomso@al memories when simulating
near future events than distant future events.uth st is interesting to see that near

future events were rated as more vivid and lesglntban distant future events.

These findings stimulate further hypotheses thabeyond the idea that people may
occasionally adopt alternative strategies to comyth instructions. They, indeed,

suggest that the tendency to remain “stuck” ialrepisodes that occurred in the past
may be a general heuristic that stems from theioelship between direct experience

and knowledge about an event, rather than a bydotaaf the procedure. Typically,
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people expect near future events to resemble viiegt are currently experiencing,
while distant future situations are much more arbnto transformations (Trope &
Liberman, 2003). Therefore, it seems plausible thlaén we think of near future
episodes, we not only engage in concrete processiegtation, which, in turn, leads
us to construct more detailed representationsyggested by the temporal construal
theory (Trope & Liberman, 2003), but we may evenigage future scenarios that
reproduce what we have already experienced. Thosthegsis is strengthened by our
results showing that, in both experiments, nearré&uevents were rated as more rich
of familiar objects, places, and people than distature events. On the other hand,
when we imagine distant future events, we are rpavae to approach the task with
an abstract processing orientation and we are i@y to disengage from direct
experience. It is relevant to note that the rathdrequency of occurrence and the
rating of richness of familiar elements (collapsentoss Experiments 1 and 2 and
averaged across near and distant events) sigrtiffcemrrelated (Spearman’s rho =
0.40,p < 0.01). This result supports our hypothesis thatltwer the novelty, the

more likely that future events are rich of famileements.

These findings highlight an important caveat: whewvestigating episodic future
thinking, it seems most appropriate to test pgréiots on distant future events rather
than on near ones, to make it less likely that feeopproduce past personal

memories.

With respect to the delayed recognition tasks wmdothat, although overall correct
recognition rates were — not surprisingly — quiighh participants falsely attributed
old-imagine words to remembered episodes at a higlhe than the other way round,
both in Experiments 1 and 2, in line with predioBo The incorrect source
attributions were based on conscious recollectias, indicated by the larger

proportion of R responses than K responses.
Additionally, in Experiment 2, in which participantvere invited to shortly describe

each event associated to the items they had resagyais old, when an old-imagine

item was erroneously recognized as an old-remeniigen, most participants
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described the same episode as reported in thephirstof the experiment, with the

difference that, now, they reported the episodeally occurred in the past.

Overall, results concerning recognition memory daegely in line with our
predictions. It is, however, important to acknovgedthat our results may be
accounted for by addressing issues different frauarce attribution errors. For
instance, test items were not fully under experimecontrol. Only the four cue
words could be counterbalanced, but the other dmggit words in each condition
were derived from subjects’ study responses antdamat be counterbalanced. One
might, therefore, raise the concern that the dfiees between the old-remember
and old-imagine items were, at least partially, tugem differences. However, the
analyses of recognition memory for the cue wordby qoollapsing results from
Experiments 1 and 2) revealed a pattern of reggjtsvalent to the main pattern of

results obtained in Experiments 1 and 2.

Another concern refers to the fact that imaginingeaent negatively affects one’s
ability to discriminate between recently perfornad planned actions (e.g., Goff &
Roediger, 1998; Mammarella, 2007; Thomaset al.32@dd there is evidence that
imagination might induce people to falsely remendieldhood memories that never
happened (e.g., Mazzoni & Memon, 2003). One migbtdfore object that, in the
present research, participants may have sometimpfised future events with
experienced events due to imagination inflationoTimportant considerations are,
however, in order. Confusions between recently imedyand experienced episodes
emerge only when events consist of simple, discaetons such aflip the coin,
open the book, polish the spofg., McDaniel et al., 2008), which lack all tkos
phenomenal, spatial, temporal, and emotional dethdt characterize more complex
autobiographical events, such as those investigatéite present research. As long
as false childhood memories are concerned, theapility of falsely remembering
childhood memories that have never happened seerbe strictly related to the
pressure at imagining such events. Multiple imatpmatrials, combined with other
suggestive procedures (e.g., Hyman & Pentland, 1296 indispensable elements in

order to increase the likelihood that people fgisemember childhood memories. In
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our paradigm, participants imagined only once #itavents and their recognition
memory was tested relatively soon, afterwards. s|t therefore, unlikely that

participants’ larger difficulty to attribute the rcect source to old-imagine items was
determined by the experimental procedure adoptethisnstudy. Nevertheless, the
possibility remains that at least some envisiongtdré events reflected situations
which participants thought of quite often (e.g., ewhenvisioned future events

incorporate wishes and goals).

In conclusion, we believe that these new findingsyrhave implications for the
theory of episodic future thinking. Although thessults are not at odds with what
the constructive episodic simulation hypothesis nt@ans, they suggest that
intending at investigating future thinking, in thext chapters, we should always take
into account that participants may occasionally,rehore or less deliberately, on
some alternative strategies, when invited to ptojeemselves into their personal
future and that it may be misleading to assume tpatticipants’ future
representations are always truly novel events withfirst obtaining relevant

empirical evidence.
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6. What does differentiate episodic future

thinking from complex scene imagery?  °

6.1 Introduction

Episodic Future Thinking (EFT) refers to our dlilio pre-experiencéhe future by
simulating it in our minds. Until recently, most thfe research on EFT focused on
better characterizing the similarities and theeddhces between EFT and memory.
Converging evidence from cognitive, neuropsychalalyiand neuroimaging studies
indicate that these two processes rely indeed omum psychological and neural
processes (for reviews, see Buckner & Carroll, 208&ssabis & Maguire, 2007;
Schacter, Addis, & Buckner, 2007, 2008; Szpunaf,120Yet, there has been little
consideration of what makes EFT a distinct prodbss differentiates it from the
related concept of complex scene imagery. Bothstaskolve, indeed, the process
of “scene construction” which refers to the generatmaintenance and visualization
of a complex spatial setting in which an eventl(mgaimaginary) can be mentally
experienced (Hassabis & Maguire, 2007). Note thet kind of complex "scene"
imagery differs markedly from "object" imagery (g.fpr faces or single objects) in
that it requires the binding of disparate (possimlyltimodal) elements of a scene
into a coherent whole (Hassabis, Kumaran, & Magué®7). Hassabis and Maguire
(2007) hypothesized that scene construction isr@ pacess that underlies a host of
cognitive functions that crucially rely on constiing, maintaining and visualizing
complex scenes such as, for example, autobiogralpmemory, EFT, imagination,
spatial navigation, and that this can account flarge proportion of the overlapping

network found in neuroimaging studies of these fions.

Given that EFT and autobiographical memory aretlgintertwined, our quest for

the key aspects differentiating EFT from complegngcimagery should start from

® de Vito S, Gamboz N, Brandimonte MA. What doededéntiate episodic future thinking
from complex scene imagergdnsciousness and Cognition,press
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considering what differentiates a retrieved autgtaphical event (i.e., remembering
my last summer barbecue on a Greek beach) froomagined complex scene (i.e.,
imagining to walk in a tropical jungle).

Almost all would agree that is it the subjectivese of time, the connection to the
self, the feelings of familiarity and a special dirof consciousness, termed
autonoetic consciousness, that enables one to aeea# the self in subjective time
(Tulving, 2002). These elements may be presentangined fictitious experiences
either to a much lesser extent or not at all (Haissat al., 2007). Similarities and

differences between complex scene imagery and agi@phical memory are well

documented in the neuroimaging study of Hassabial.e(2007). These authors
showed that a distributed brain network involvinghet hippocampus,

parahippocampal gyrus, retrosplenial cortices, qyast parietal cortices, and

ventromedial prefrontal cortex, was recruited dgrooth autobiographical memory
recall and recall of previously constructed fictits experiences that were well-
matched for difficulty, age, detail and vividne$bese specific conditions have been
investigated because the comparison between thHemea to partial out the effects

of scene construction, and to ask which brain mgionderpin the special properties
of autobiographical memory. Activation of specibicain areas, i.e., the posterior
cingulate cortex, the anterior medial prefrontaltex, and precuneus, was indeed
observed only during episodic memory recall, sutjggsthat these regions may
support functions most likely reflecting self-prcien in time, self-relevance and
sense of familiarity that are specific to autobaygrical memory over and above

scene construction (Tulving, 2002).

As noted by Hassabis et al. (2007), the pattern aofivation specific to
autobiographical memory resembles the network faonsuipport EFT (e.g., Addis,
Wong, & Schacter, 2007). One may therefore argae ribcalling past experiences
and thinking about plausible, autobiographical fetevents share the same key,
defining processes. Indeed, when individuals reneenpast or simulate future
events, they imaginatively place themselves ingrgjg settings that are temporal in

nature (settings that pertain to their past andher future). Furthermore, when

89



envisioning events that will occur in the futurespecially in the near future,

individuals imagine themselves in the context ohifear settings (see Chapter 5).
This is not to say that familiarity of setting isdafining feature of EFT, as it is for

autobiographical memory. We can indeed pre-expegi@m event expected to occur
somewhere we have never been before and, stilhescenstruction is surely not
restricted to events represented in unfamiliairsgdt However, empirical evidence
indicates that familiarity of setting is indeed amportant modulator of the

characteristics of EFT (e.g., Szpunar & McDerm2d08).

The specific contribution of self-projection in gnand self-relevance over and above
the role of scene construction in EFT is currem#ther speculative. For instance,
does mentally projecting an imaginary event inte thture make it any different
from imagining it in the present (e.g., “Imaginevtalk in a sunny garden next year”
vs. “Imagine to walk in a sunny garden”)? Similailythere any difference between
imagining oneself doing an activity and imaginiragniliar others doing the same
activity (e.g., “Imagine to walk on the beach nesar” vs. “Imagine Silvio
Berlusconi walking on the beach next year”)? Sodaty few studies have provided
initial insights into this issue. With respect ke trole of the temporality of imagined
events in EFT, it is important to refer to the org patient study on imagination of
Hassabis, Kumaran, Vann, and Maguire (2007). Tteegbors reported on five
memory-impaired patients with a bilateral hippocasmplamage having troubles in
constructing novel events. Their imagined experenwere deficient in spatial
coherence, relative to controls, resulting in tlw@instructions being fragmented and
lacking in richness. Hassabis et al. (2007) tesiatients and controls on both
episodic future thinking scenarios (e.g., imaginmngossible Christmas event) and a-
temporal imagined scenarios (e.g., “Imagine you stemding in the middle of a
bustling street market”). No difference in desaaps was found (so the results were
presented collapsed across scenario type. Thidt sggests that a-temporal and
future imagined events may be represented in a sienjar way. The opinion of
Hassabis and Maguire (2007; 2009) is that the 8taaip of an event, imagined or
remembered, should not be elevated to the stataskaefy property of recollection

and prospection, as some have suggested (e.g.n&uék Carrol 2007; Tulving,
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2002), but it should rather be considered as aepésemantic knowledge that might
or might not be included or logically deduced & fgoint an event is remembered or
imagined. This view is surely quite radical butyeeheless, it draws attention to the

need to clarify the status of the temporal natdineental representations of events.

Concerning the contribution of self-relevance toTEM a neuroimaging study
(Szpunar, Watson, & McDermott, 2007) the core breetwork common to past and
future thinking was found to show greater activatishen participants envisioned
their personal future (or recollected their past) ammpared with a control task
requiring participants to imagine a familiar indlual participating in life-like events
with no explicit temporal reference (Bill Clintort his birthday). This result thus
highlights a neural differentiation between enuisng a personal future experience
and imagining the experience of someone else. Herygwen that the two types of
mental representations included in Szpunar et @0€7) study differed also with
respect to the temporality of the imagined evertse unique and specific

contribution of selfness to EFT still remains todadined.

As for the role played by the familiarity of setsim EFT, it is clear that humans can
mentally simulate virtually infinite future posdibies, up to the extreme situation of
imagining or even daydreaming about unlikely everti®wever, as noted by
Szpunar (2010), episodic future thoughts generaklyolve around the short-term
concerns of participants (D’Argembeau, Renaud, & dar Linden, 2011; Spreng &
Levine, 2006). Accordingly, the contents of episofliture thoughts are typically
characterized by familiar contextual informatioedSChapter 5). When participants
are prompted by the experimenter to imagine augwhphical future events
occurring in unfamiliar settings (e.g., Jungle, thdPole, Great Wall of China), their
representations are rated as containing less seahdetails, as occurring in a less
clear context, and as having a weaker subjectiyenreence as compared to when
they engage in episodic future thought occurringaimiliar contexts (e.g., home,
friend’s apartment, pub; Szpunar & McDermott, 2008has also been shown that
the regions within the posteromedial parietal codad the medial temporal lobes,

typically engaged when individuals imagine themeghmn familiar contexts (or
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retrieve personal memories; e.g., Szpunar et @072 exhibit relatively little neural

activity when participants generate personal fugpesodes occurring in unfamiliar
contexts (Szpunar, Chan, & McDermott; 2009). THesdings thus indicate that the
familiarity of setting can modulates the charast&s of EFT and substantiate the
prominent claim that past and future thoughts botfolve the reinstatement of

familiar context from memory (e.g., Schacter et2008).

In the present study we aimed at further investigabn the specific contribution
that the temporality of imagined events (i.e. wietin imagined event is considered
to occur in the future or it is timeless), the gelevance of imagined events (i.e.,
whether imagined events involve ourselves of famibthers) and familiarity of
settings (i.e. whether an imagined event occur ifarailiar or in an unfamiliar
setting) makes to EFT over and above scene cotisimucTo this purpose we
conducted 2 behavioural studies in which phenomasalell as other characteristics
of imagined events differing with respect to theaperality of imagined events, self-
relevance and familiarity of settings were analyz&d stated earlier, although
episodic future thoughts are, in theory, orthogdnalvhether the setting is familiar
or unfamiliar, empirical evidences indicate thadivmduals tend to imagine
themselves in the context of familiar settings. édingly, we decided to consider
the representations of autobiographical future esveacurring in familiar settings as
the index of EFT against which to compare the otbeperimental conditions
included in our Experiments differing from the eqa& future thoughts with respect
to their temporality, self-relevance and familiariff settings.

6.2 Experiment 1

In this Experiment, participants were asked (ajrtagine themselves carrying out an
activity in the future in familiar settings (thismdition corresponds to EFT), (b) to
imagine themselves carrying out an activity in thieire in unfamiliar settings, and
(c) to imagine themselves carrying out an activityfamiliar settings with no

reference to any specific time. In this Experimesslf-relevance was maintained
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constant. The comparison between the first two itimmd was thought to assess the
role of familiarity of settings in EFT, whereas tb@mparison between the first and
the third condition intended to assess the roleenfporality of imagined events in
EFT. On the basis of earlier findings (Szpunar &Dédomott, 2008) we expect the
images of future events occurring in familiar sejt to be more clearly represented
than images of future events occurring in unfamiattings. Furthermore, to the
extent that the temporality is a specific compon@EFT over and above scene
construction, as it is the case for episodic memionggined future autobiographical
events should significantly differ (as having eitlégher or lower subjective and

objective details ratings) from imaged a-tempovarngs.

6.2.1 Method

6.2.1.1 Participants

Thirty young adults (18 females) from Suor OrsoenBicasa University participated
in this experiment as volunteers. The average adeeducation were 31.34 (SD =
4.61) and 17.13 (SD = 2.18) years, respectively.patticipants had no history of

neurological or psychiatric disorders.

6.2.1.2 Materials

A pilot study was conducted in order to select appate familiar and unfamiliar
settings. A list with 40 familiar settings belongito common everyday experiences
(e.g., home, friend’s apartment, pub, shop) andidf@miliar settings belonging to
unlikely experienced events (e.g., jungle, NortHeP&reat Wall of China) were
presented to 40 young adults (mean age = 30.3% 3B2), who did not participate
in Experiment 1. Participants were instructed te each setting on a 5-point scale
(1= not familiar at all; 5 = very familiar). Theri4 scenarios chosen by the

participants as being highly familiar (Home, Schdadcture Hall, Beach, Kitchen,
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Friends’ Home, Supermarket, Living Room, Restayr@iriema, Mall, Church, Pub,
Relatives’ Home) and 14 chosen as being no famaliall (Cuba, Thailand, Hawaii,
Polynesia, Madagascar, Nile, Brazil, Savannah, nlaanya, The Great Wall of
China, North Pole, Mount Everest, South Pole) veslected for proper testing. The
selected familiar and unfamiliar settings reportednean score of 3.8 and 1.8,
respectively. The selected familiar and unfamibattings were used equally often

across participants.

6.2.1.3 Procedure

Participants imagined two future events occurringfamiliar settings, two future
events occurring in unfamiliar settings, and tweéemporal events occurring in
familiar settings in response to short verbal cuesecisely, participants were
presented with 6 sheets of paper, each displahi@gnistruction to imagine an event
occurring in a specific setting (familiar or unfdiaw). For future events, the
instruction also indicated the time period (nextiye An example of the three
conditions included in this Experiment is as folkowa) future familiar setting:
“Imagine to walk in a sunny garden next year”; (ojure unfamiliar setting:
“Imagine to walk in a tropical jungle next yeart)(a-temporal familiar setting:
“Imagine sitting in your preferred coffee shop”. riR@pants were instructed to
imagine temporally and contextually specific eveiisture and a-temporal events
had also to be plausible and novel, that is, n&vipusly experienced by the
participants. The experimenter further explaineat the events had to be imagined
in as much detail as possible. The order of presient of experimental conditions

was fully counterbalanced across participants.

Once an event had been imagined (there was nolimtefor imagining an event),
participants were asked to verbally describe trene(responses were recorded using
a digital audio-recorder for later transcriptiofthen, participants rated on 7-point
scales the characteristics of the mental representdney had just formed (Szpunar
& McDermott, 2008). Specifically, each event watedaon three measures that were
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summed to form a sensorial details index (visudhitse sounds, smell/taste; 1 =
none, 7 = a lot), three measures that were summér a clarity of context index
(clarity of location, clarity of spatial arrangemeaf objects, clarity of spatial
arrangement of people; 1 = vague, 7 = very clear), an index of the subjective
experience associated with the mental image (fgafrexperiencing the event, 1 =
none, 7 = a lot). Furthermore, participants alsdicated the novelty of each
imagined event by rating how often they experienicethe past the same or a very
similar event (1 = never; 7 = very often). This sjien was aimed at assessing
whether participants retrieved an event that heshdly taken place and adjusted it to
fit in with the test requirements, rather than imagy truly novel scenarios (see
Chapter 5).

The quality of imagined events was estimated udimg standardized scoring
procedure developed by Levine, Svoboda, Hay, Winamud Moscovitch (2002) in

the Autobiographical Interview. More precisely, feach event produced by
participants, the central event was first identifiefhen, the transcription was
segmented into (a) internal details, i.e. episomiiformational bits indicating

happenings, places, time, perceptual details, em&thoughts pertaining directly to
the main event, and (b) external details, i.e.,-@pisodic informational bits that

were not uniquely specific to the main memory evbaing described and not
anchored to the time and place of the main evert) ss general facts/knowledge
related to the context of the event, details camogr unrelated events, and
metacognitive statements. The detail subtypes mighich category were summed to
form, for each event, an internal and an exteretdidcomposite score, which were
the primary measures of interest. The transcrigtivare segmented into internal and
external details by a single trained rater, who Wwhsd to the hypotheses of the
study. This rater scored events in a manner thathighly reliable with the ratings

provided by the experimenter. The inter-rater keliy (r), calculated on a subset of
30 randomly selected events, was 0.70 and 0.77nfernal and external details,

respectively.
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6.2.1.4 Statistical analysis

Mean rating on sensorial details, clarity of comtexd feeling of experiencing
indexes, as well as the number of internal andreatedetails were analysed by
means of separate one-way repeated measures anafysariance (ANOVA) with
Type of Imagined Event (future familiar settingtute unfamiliar setting, a-temporal
familiar setting) as the dependent variable. Alech ANOVA planned comparison
contrasted future events occurring in familiar igttto future events occurring in
unfamiliar setting and to a-temporal events ocagrin familiar setting in order to
assess, respectively, the role of familiarity atisgs and the role of temporality of
imagined events in EFT. In order to correct for tiplé comparisons, significance
was set ati=0.02. With respect to the novelty of imagined dsehoth future events
occurring in unfamiliar settings were rated as mexceurred before. Therefore, only
the ratings of frequency of occurrence for futune a-temporal events occurring in
familiar settings were analyzed by means of attftegelated measures.

6.2.2 Results

6.2.2.1 Ratings for phenomenal characteristics

The mean ratings on sensorial details, clarityarftext, feeling of experiencing and
novelty of imagined events indexes are presentefialsie 6.1. With respect to the
number of sensorial details, clarity of context dedling of experiencing results
showed main effects of Type of Imagined Evegt(Z: 58) > 5.9, p< .Ol,fﬁ,s > .17.
Planned comparisons indicated that future everdardag in familiar settings were
rated as containing more sensorial details, t €8)92, p < .01jf = .23, as being
more clearly represented, t (29) = 3.57, p <10%,.16, and as being associated to a
stronger feeling of experiencing t(29) = 3.01, P05, 1f = .24 than future events
occurring in unfamiliar settings. However, futur@erts occurring in familiar
settings were indistinguishable from a-temporalnéy®ccurring in familiar settings

with respect to all these indexes (sensorial dgtai29) = 0.81; clarity of context t
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(29) = 1.06; feeling of experiencing, t (29) = 0.9%/ith respect to the novelty of
imagined events, in the previous Chapter (5) it Wwgsothesized that, to the extent
that participants envision truly novel scenaridg hovelty of their representations
should be rated as high, that is, envisaged ewdrdald be rated as never having
happened before. As can be seen in Table 6.1, angdumprisingly, future events
occurring in unfamiliar settings were rated as mexeurred before. The rating of
frequency of occurrence for future and a-temporagnés occurring in familiar
settings were generally very low and not signifibamlifferent from each other, t
(29) =1.0.

Sensorial Clarity of Feeling of
Detaif Context Experiencing Novelty
FFS 5.5 (.23) 5.3 (.26) 5.6 (.32) 2.0 (.28)
FUS 3.8 (.27) 4.4 (.36) 4.30) 1.0 (.00)
AFS 4.4 (.26) 5.1 (.30) 5.38) 1.6 (.20)

Table 6.1 - Means (and standard errors) of ratingsfor phenomenal
characteristics of imagined events in Experiment 1for the FFS (Future
Familiar Setting), FUS (Future Unfamiliar Setting) and AFS (A-Temporal
Familiar Setting). Note: Novelty decreases proportionately as frequency of
occurrence increases, i.e., the lower the ratingh¢ higher the novelty.

& Significant contrasts between future events occuimg in familiar settings and

future events occurring in unfamiliar settings, p < 0.01.
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6.2.2.2 Number of internal and external details

The mean number of internal and external detailsrésented in Figure 6.1. With
respect to internal details, results showed a maligi significant effects of Type of
Imagined Event, F (2, 58) = 2.7, p =.(§f‘Z,= .10. Planned comparisons showed that
future events occurring in familiar settings con& more internal details than future
events occurring in unfamiliar settings, t(29) 8,2p <.01,1 = .21, but that they
were indistinguishable from a-temporal events agegrin familiar settings, t(29) =
1.2. As regards external details, results showedagginally significant effects of
Type of Imagined Event, F (2, 58) = 2.9, p :ﬁG,: .10. Future events occurring in
familiar and in unfamiliar settings did not différom each other, t (29) = 1.14.
However, future events occurring in familiar segncontained less external details

than a-temporal events occurring in familiar sesirt (29) = 2.54, p < .0f = .18.
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Figure 6.1 - Mean number of internal and external @tails for future events
occurring in familiar and unfamiliar setting and a-temporal events produced in

Experiment 1. Error bars are standard errors of themean.
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6.2.3 Discussion

The results of this Experiment indicate, in linethwearlier findings (Szpunar &

McDermott, 2008), that imagined future events ogogrin familiar settings were

rated as being more vivid (as indicated by highéing on sensorial detail and clarity
of context indexes) and as being associated twagsr feeling of experiencing than
imagined future events occurring in unfamiliar ipeft Imagined future events

occurring in familiar settings also contained muorernal details than future events
occurring in unfamiliar setting. Furthermore, oasults show that imagined future
events occurring in familiar settings are compietetlistinguishable, with respect to
the rating on sensorial details, clarity of contantl feeling of experiencing indexes,
as well as the number of internal details, fromemioral events occurring in

familiar settings. These findings are open toedéht interpretations. First, the lack
of differences between future and a-temporal evenéy have arisen because
participants’ future and a-temporal representati@mwoduced memories of events
that had already taken place, rather than beiregdimulations of novel events. This
may occasionally occur in experimental settingsndgated in Chapter 5. However,
the results concerning the novelty of imagined &v@mdicated that all participants
constructed novel experiences. Second, one may tlggiae that participants

envisaged future scenarios even when they weralaskanagine experiences that
were not explicitly temporal in nature. To thispest, it is important to note that the
short verbal sentences used to cue participaniiagine a-temporal events were
equivalent to those used to cue future events withtemporal reference. It may,
therefore, be the case that cueing a person togimeato sit in his/her preferred

coffee shop” or “to imagine to walk in a big sunggrden next year” does not make
any difference in terms of mental time travel ie toture, i.e., the inclusion of a time
period in the cue sentence does not seem cruciafger prospection. It may occur
that, as far as a person is engaged in imagininggdsomething plausible in a

familiar context, he/she spontaneously projects Imis/her personal future.

Interestingly, Moulton and Kosslyn (2009) recerghgued that the primary function

of all imagery, even of the most trivial form of agery, i.e., object imagery, is to
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allow us to predict the imminent or distant futursiternatively, it may have
occurred that, in the present Experiment, partitipdailed to project into the future
even if they were deliberately instructed to dolsoorder to assess whether future
and a-temporal events imagined in the present lHrpet were both characterized
by self-projection in the future, we analyzed wieettheir descriptions differed in
terms of mean number of temporal statements (ssch aill be”, “I plan to” and
“I'm going to” and presence of future tense; seesddhis, Kumaran, & Maguire,
2007 for a similar procedure). Results of a Wilaoxdatched Pairs Test indicated
that the descriptions of future events containegniBcantly more temporal
statements (M = 2.9, SD = 2.3) than the descriptmima-temporal events (M = 0.1;
SD = 0.3), T = 4.5, p < 0001. The implications thé results concerning the
equivalence between future and a-temporal evedtdiconsidered in the General

Discussion.

6.3 Experiment 2

In this Experiment, participants were asked (ajragine themselves carrying out an
activity in the future (this condition corresponds,in Experiment 1, to EFT), (b) to
imagine familiar others (i.e., self-irrelevant) igang out an activity in the future, and

(c) to imagine themselves carrying out an actiwtth no temporal reference. In this
Experiment, the familiarity of settings was maintd constant. The comparison
between the first two conditions was thought toeasghe role of self-relevance in
EFT, whereas the comparison between the first laadhird condition was intended,
as in Experiment 1, to assess the role of tempgrafi imagined events in EFT.

When individual envision future autobiographicaleeis they are, most likely,

guided by self-referential processes strictly catee to the content of their memory
(D’Argembeau et al., 2010). Therefore, if self-k&rce is a specific component of
EFT over and above scene construction, and if EBFbased upon the contents of
memory, as suggested by the constructive episidialation theory (e.g., Schacter
et al.,, 2008), then future autobiographical evesiteuld be expected to be more

richly imagined (as indicated by higher subjectaral objective details ratings) that
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future events involving familiar others. As for thesults concerning the comparison
between future and a-temporal events, our expectatare as indicated in
Experiment 1: to the extent that the temporalityt specific components of EFT over
and above scene construction, imagined future &godphical events should
clearly differ (as having either higher or lowerubgective and objective details

ratings) from imaged a-temporal events.

6.3.1 Method

6.3.1.1 Participants

Twenty-six young adults (17 females) from Suor CasBenincasa University
participated in this experiment as volunteers. @lierage age and education were
27.46 (SD = 5.05) and 16.46 (SD = 2.26) years,aesgely. All participants had no

history of neurological or psychiatric disorders.

6.3.1.2 Materials

A pilot study was conducted in order to select appate familiar individuals to cue
participants to imagine self-irrelevant events.igt bf 80 famous individuals from
the current political national and internationahtext and from the cultural Italian
environment (literature, TV, cinema) were preserted0 young adults (mean age =
30.35; SD = 2.62), who did not participate in eitBgperiment 1 or 2. Participants
were instructed to rate the popularity of eachvidtlial on a 5-point scale. Then, 8
famous individuals chosen by the participants amdodnighly familiar (Silvio
Berlusconi, Paolo Bonolis, Bill Clinton, Dario Agladonna, Barack Obama, Nicolas
Sarkozy, Roberto Saviano) were selected for progsting. The selected famous
individuals reported a mean score of 3.8. The esglécted famous individuals were
used equally often across participants. Note thdExperiment 2 participants were
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cued to imagine events occurring in familiar sgiginThe familiar settings were the

same as in Experiment 1. These were randomly cydeass conditions.

6.3.1.3 Procedure

Participants imagined two future self-relevant d@seriwo future self-irrelevant
events, and two a-temporal self-relevant eventsegponse to short verbal cues.
Precisely, as in Experiment 1, participants wers@nted with six sheets of paper,
each displaying the instruction to imagine an e\satf-relevant or self-irrelevant)
occurring in a specific setting. For future evetite instruction also indicated the
time period (next year). An example of the threexdittons included in this
Experiment is as follows: (a) future self-relevahinagine to walk in a big, sunny
garden next year”; (b) future self-irrelevant: “Ignae that Silvio Berlusconi will
walk on the beach next year”; (c) a-temporal selévant: “Imagine to lie on a
sunny, crowded beach”. The rest of the procedurexperiment 2 was the same as
in Experiment 1. With respect to the number of imé and external details, the
inter-rater reliability (raters were the same asExperiment 1), calculated on a
subset of 30 randomly selected events, was .79.&hdor internal and external

details, respectively.

6.3.1.4 Statistical analysis

Mean rating on sensorial details, clarity of comtexd feeling of experiencing

indexes, as well as the number of internal andreatedetails were analysed as in
Experiment 1. With respect to the novelty of imaginevents, future events not
relevant for the self were rated as never occureddre. Therefore, only the rating of
frequency of occurrence for future and a-tempogHtrelevant events were analyzed
by means of a t-test for related measures. Afteh @NOVA, planned comparisons

contrasted future self-relevant events to fututéigelevant events and future self-

relevant events to a-temporal self-relevant evantsder to assess the role of self-
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relevance and of role of temporality of imagineecmg in EFT. In order to correct

for multiple comparisons, significance was sai=Q.02.

6.3.2 Results

6.3.2.1 Ratings for phenomenal characteristics

The mean rating on sensorial details, clarity aftegt, feeling of experiencing and

novelty of imagined events indexes are presentdchte 6.2.

Whit respect to the number of sensorial details @adty of location, the effect of
Type of Imagined Event was not significant, (E,58) < 3.2, indicating that future
self-relevant events were indistinguishable fronthbeelf-irrelevant future events, t
(29) = 2.1, and self-relevant a-temporal events29) (= 1.5. Concerning the
subjective experience associated with imaginingabents, results showed a main
effect of Type of Imagined Event, F (2,58) = 2208<.0001,17%, = .48. Planned
comparisons showed that self-relevant future everdse associated to stronger
feelings of experiencing than self irrelevant fetavents, t (29) = 6.90, p < .00G{,
2= 69. Self-relevant future events were howeveistimguishable from self-relevant
a-temporal events t(29) = 1.53. With respect tortbeelty of imagined events, as
indicated in Table 6.2, future events not releviantthe self were rated as never
occurred before. The rating of frequency of ocauresfor self-relevant future and a-
temporal events were generally very low and nomiSaantly different from each
other, t (29) = 1.7.
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Sensorial Clarity of Feelgof
Detail Context xBeriencing® Novelty
FSR 4.9 (.23) 5.4 (.30) 6.0 (.21) 1.6 (.2)
FSI 4.3 (.26) 4.8 (.33) 342) 1.0 (.00)
ASR 4.6 (.21) 5.3 (.21) 5.30).2 2.1 (.30)

Table 6.2 - Means (and standard errors) of ratingsfor phenomenal

characteristics of imagined events in Experiment 2for FSR (Future Self-
Relevant), FSI (Future Self-Irrelevant) and ASR (ATemporal Self-Relevant)

events. Note: Novelty decreases proportionately as frequency obccurrence

increases, i.e., the lower the rating, the higheht novelty.

& Significant contrast between self-relevant futureevents and self irrelevant

future events, p < 0.0001.

6.3.2.2 Number of internal and external details

The mean number of internal and external detailsrésented in Figure 6.2. With

respect to internal details, results showed sicguifi effects of Type of Imagined
Event, F (2, 58) = 19.3, p <.000ﬁ2p = .43. Self-relevant future events contained

more internal details than self-irrelevant futuvers, t (29) = 5.2, p < .000f= .47.

Self-relevant future events were however indistisigable from self-relevant a-

temporal events, t (29) = 1.35. As external detailconcerned, self-relevant future

events, self-irrelevant future events and selfwahe a-temporal events did not
differentiate from each other, F (2,58) = 1.3.
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Figure 6.2 - Mean number of internal and external @tails for self-relevant and
self-irrelevant future events and a-temporal eventsproduced in Experiment 2.

Error bars are standard errors of the mean.

6.4 Discussion

The results of Experiment 2 indicated that futuedf-selevant and self-irrelevant
events were indistinguishable with respect to sealsdetails and clarity of context
indexes. This is not an unlikely result if we calesithat the events contained in both
mental images occurred in familiar settings. Pguéicts may have therefore
experienced equivalent feelings of contextual \neiss when they were imagining
themselves as well as when they were imagininglfanathers doing something in a
familiar context. Conversely, as it was likely twpect, self-relevant future events
were associated to stronger feelings of experignchan self-irrelevant future
events. The number of internal details was alsoifstgntly larger for self-relevant
than for self-irrelevant future events. The resaftExperiment 2 replicated results of
Experiment 1 indicating that imagined self-relevantire events and self-relevant a-
temporal events were completely indistinguishabiéh wespect to the rating on
sensorial details, clarity of context and feelirigexperiencing indexes, as well as the
number of internal details. Furthermore, as in Expent 1, the descriptions of

future events contained significantly more tempastatements (M = 0.8, SD = 1.2)
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than the descriptions of a-temporal events (M G50SD = 0.2), T = 2.0, p < 01.
The implications of the results concerning the eagl@nce between future and a-
temporal events will be considered in the Generstiksion.

6.5 General discussion

Episodic future thinking has always been concestedlas the process that allows
individuals to imaginatively place themselves igpecific settings that are temporal
in nature. So far, however, only few studies hamestered the specific contribution
that self-projection in time and self-relevancevides to EFT. The main purpose of
this study was, therefore, to assess whether Effdrslirom imagined future events
involving familiar others and from imagined a-temgloevents. In addition, we
assessed the role played by familiarity of settimygnvisioning autobiographical
future events by comparing autobiographical futewents supposed to occur in
familiar settings to autobiographical future evestpposed to occur in unfamiliar
settings. As stated in the Introduction, familiardf setting is not considered as a
measure that discriminates between EFT and scerstraotion. In fact, the original
definition of EFT refers to the ability of pre-exmmcing a personal future event
and, as such, it is orthogonal to whether the rggetts familiar or unfamiliar.
However, episodic future thoughts are typicallyreloterized by familiar contextual
information and some empirical evidence indicatest ttamiliarity of setting is

indeed an important modulator of the charactessticEFT.

With respect to familiarity of setting and selfeeance, the results of our
Experiments are quite straightforward. The imagedguture events occurring in

familiar settings are “richer” than the images wiiuire events occurring in unfamiliar
settings: they are perceived as more vivid (agatdd by higher rating on sensorial
detail and clarity of context indexes) and as beisgociated to a stronger feeling of
experiencing (for similar results, see Szpunar &danott, 2008), and the verbal
protocols provided by participants to describe thema richer of episodic details.

Similarly, the images of future events involvingreeives are, overall, “richer” than
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the images of future events involving familiar athethey are perceived as being
associated to a stronger feeling of experiencirdytha verbal protocols provided by
participants to describe them are richer of episoéiails. Two theories account for
these results: the constructive episodic simulatgpothesis (Schacter & Addis,
2007), which states that future events are gereetayereassembling and flexibly
recombining stored event details, and the realipnitoring theory (e.g., Johnson,
Foley, Suengas, & Raye, 1988), which posits that tiental images based on
personal experience are more vivid that the memages based on imagination. It
is, therefore, plausible that mental representatioh future events created by
sampling from past experiences are perceived ase mavid than mental

representations of future events based on imagmati

The comparison between future and a-temporal evemtaled however that future
autobiographical events are completely indistingaide from a-temporal
autobiographical events with respect to the ratmgsensorial details, clarity of
context and feeling of experiencing indexes, as agethe number of internal details.
The possibility that participants reproduced mes®rof events that had already
taken place rather than simulating novel eventaosa factor of concern in the
interpretation of this result. The results conaegnihe novelty of imagined events
indicated that all participants indeed constructem/el experiences. One may
therefore hypothesize that either participants saged future scenarios even when
they were asked to imagine experiences that werexmicitly temporal in nature
or, alternatively, they failed to project themsealuato the future even if they were
deliberately instructed to do so. However, thesssimilities seem unlikely for two
reasons. First, Experiment 1 and 2 involved diffeparticipants but nevertheless we
obtained the same pattern of results in both Erpents. It is therefore unlikely that
both groups of participants did not accomplish taskuirements. Second, the
descriptions of future events contained signifiganiore temporal statements than
the descriptions of a-temporal events, suggeshiaggarticipants engaged in mental

time travel, at least, when instructed to do so.
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Thus, our results suggest, in accordance with Hiéssand Maguire’s (2007; 2009)
opinion, that future and a-temporal events, as lasghey are plausible (as in the
present Experiments) are mentally represented simédar way. There is indeed a
need for future research to further analyze sintigsr and differences between
episodic future thoughts and imagined events tissel® nature from different
angles. For instance, it could be that the diffeeslbetween these two kinds of events
lies in the temporal progression of the activatadndifferent kinds of knowledge
structures (personal semantic information, gererahts, specific events) during the
construction process (D’Argembeau & Mathy, 2011)nhy also be of indubitable
relevance focusing, in future research, on assgsainether there is a neural
differentiation between future and a-temporal eisdhoughts matched for both
subjective and objective details ratings. In a méceeuroimaging study (Nyberg et
al., 2010), aiming at highlighting the neural ctates of mental time travel into “non
present” times (future and past), a set of regiwas found to be more active while
envisioning the future than while imagining a-tergl events, suggesting that these
two types of mental representation are indeedngjgtshable. In this study, however,
participants were instructed to imagine doing apsendiscrete action, i.e., taking a
short walk from point A to point B in a familiar tdag, that likely lacked all those
phenomenal, spatial and temporal details that cheniae more complex

autobiographical events, such as those charactgrepisodic future thoughts.
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7. Episodic future thinking in amnesic mild

cognitive impairment °

7.1 Introduction

As we have seen in the introduction, in recent gjean increasing number of
cognitive, neuropsychological, and neuroimagingdietsi have suggested that
remembering the past and imagining the future oelycommon psychological and
neural processes. For instance, it has been shwatthie phenomenal characteristics
associated with both projecting oneself into thst jma into the future are influenced
by similar factors, such as the temporal distamomfthe present (D’Argembeau &
van der Linden, 2004; see also Addis, Wong, & Seva2008; D’Argembeau & van
der Linden, 2006; Spreng & Levine, 2006). Recentroenaging studies have
demonstrated that remembering past events andnimggiovel scenarios that might
happen in the future rely on a common network afrakeregions (e.g., Addis, Pan,
Vu, Laiser &Schacter, 2009; Addis,Wong,& Schact2®07; Okuda et al., 2003;
Szpunar, Watson &McDermott, 2007). This common ekwof prefrontal, medial
temporal lobe, and posterior regions, including tpesterior cingulate and
retrosplenial cortex, is remarkably similar to thetwork involved in the retrieval of
episodic memories of past autobiographical eventg,(Cabeza & St Jacques, 2007,
Maguire, 2001). Most recently, this network of @wg has been suggested to belong
to an anatomically defined brain systedefault network that is activated when
individuals engage in internally focused tasks udotg autobiographical memory
retrieval, envisioning the future, and conceivihg perspectives of others (Buckner,
Andrews-Hanna, & Schacter, 2008). There is als@exnde that amnesic patients
highly impaired on retrieving past events may o aimpaired in imagining future

autobiographical events (Hassabis, Kumaran, VannM&guire, 2007; Klein &

® Gamboz N, de Vito S, Brandimonte MA, Pappalard&8leone F, lavarone A, and Della
Sala S. Episodic future thinking in amnesic mildywitive impairment.Neuropsychologia48(7):
2091-2097, 2010.

109



Loftus, 2002; Tulving, 1985). In light of such fimgs, it has been proposed that the
constructive nature of episodic memory allows ooedtaw on the past and to
flexibly extract and recombine elements of previeyperiences (Buckner & Carroll,
2007; Hassabis & Maguire, 2007; Schacter & Add&)7a). This conceptualization
is often referred to as theonstructive episodic simulation hypothe§fshacter &
Addis, 2007).

One key outstanding issue that still needs to laifidd concerns the precise
relationship between future event simulation andsagic memory in patients

suffering from episodic memory impairments. As nmmtd above, in the

neuropsychological literature, two amnesic patiesuffering from total loss of

episodic memory, K.C. (Tulving, 1985) and D.B. (iKle& Loftus, 2002), were

described as being highly impaired on both retrigvpast and imagining future
autobiographical events. K.C. suffered from an msitee brain damage, affecting
medial temporal, prefrontal and other brain regionkile little information was

provided concerning the location of D.B.’s lesidviost recently, Hassabis et al.
(2007) have found that imagined experiences of piagents with amnesia deriving
from bilateral hippocampal damage were deficienspatial coherence, relative to
controls, resulting in their constructions beinggimented and lacking in richness. In
this study, however, participants were requirecc@astruct seven common place
scenarios and only three episodic future eventscdndeaving open the possibility
that patients with hippocampal damage suffer fromagie general event simulation
deficit in constructing novel scenes, irrespectweime period (Schacter, Addis, &
Buckner, 2008). Therefore, these studies do nadwalbne to draw precise

conclusions concerning the basis for the patidatsire events simulation deficit and
its relation to their episodic memory problems. Tdies that thinking of the future is
closely related to retrospective memory receivednst support by recent evidence
indicating that healthy older adults (Addis et 2008) and patients with Alzheimer’s
disease (AD; Addis, Sacchetti, Allyc, Budson, &Sciiea, 2009) show impairments,
although different in severity, in autobiographica@mory as well as in future event

simulation.
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As far as healthy aging is concerned, studies dob#&graphical memory have
demonstrated that, compared to young people, @dalts tend to recollect fewer
details about happenings, locations, perceptiams tlroughts, whereas they produce
an equivalent, or larger, number of semantic detéiat are not connected to any
particular time or place (e.g., Levine, Svoboday,H&inocur, & Moscovitch, 2002;
Piolino, Desgranges, Benali, & Eustache, 2002). s€hepecific age related
differences in the qualities of autobiographicalolkections have been accounted for
within recent models of autobiographical memory.(eConway, 2001; Conway &
Pleydell-Pearce, 2000). Such models distinguistvéxeh the episodic component of
autobiographical memory, providing lower level evespecific sensory and
perceptual episodic information, which is affectbg healthy aging, from the
semantic component of autobiographical memory, aoimtg a more abstract
autobiographical knowledge base and the concepseifl which is preserved in
healthy aging. Recently, Addis et al. (2008) denvaesd that the age related
reduction of episodic specificity, evident for pastents, extends also to future
events. In particular, when probed to generatebaogoaphical events from the past
and the future, older adults produced fewer inteem@sodic details and more
external non episodic details, as assessed byctrag procedure of Levine et al.’s
(2002) Autobiographical Interview. Furthermore, thember of internal event
specific details and external semantic details wereelated across past and future
events, and the number of internal details for haabt and future events correlated
significantly with a measure of relational memopgifed associate learning) that is
known to be dependent on the hippocampus (Giowan&thnyer, &Verfaellie,
2004). This pattern of results suggests that bettering past and imagining future
detailed autobiographical events rely on relations@mory, i.e., the ability to
recombine and integrate details from various eptsodemories. The pattern of
decreased internal and increased external detilpdst and future events likely
reflects an increased reliance on external semdatails when people are unable to
generate internal episodic details (Addis et @08).

With respect to AD, in addition to episodic memawypoblems, which are the
hallmark and the earliest manifestation of thisrodagenerative disease, there are

also major semantic memory dysfunctions (e.g., tRber & Bub, 1990; Hodges &
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Patterson, 1995). This conjoined pattern of defjaithich is clearly detectable by
traditional laboratory and neuropsychological tesitso affects the content of
autobiographical memory. In general, there have Isegeral studies, using a variety
of methods, showing a deficit in the retrieval otabiographical memories with a
shallow temporal gradient indicating more succdssdtrieval of earlier memories
(e.g., Hou, Bruce, Kramer, & Kramer, 2005; Ivandiigoper, Shanks, & Venneri,
2006; Kopelman, Wilson, & Baddeley, 1989; Nestoraliam, Bozeat, Simons, &
Hodges, 2002; Piolino et al., 2002; Snowden, Ghij & Neary, 1996). As far as the
integrity of the episodic and semantic componeffitautobiographical memory is
concerned, most studies documented some level mdirment in one or both types
of memory. However, results of recent studies tisad different memory tests, such
as the Autobiographical Memory Questionnaire of &apan, Wilson, and Baddeley
(1990) and the Autobiographical Interview of Leviet al. (2002), converged in
showing severe deficits in AD patients in both ¢#pésodic and semantic component
of autobiographical memory (e.g., lvanoiu et aDO@; Leyhe, Millera, Miliana,
Eschweiler, & Saura, 2009). In a very recent stulydis, Sacchetti, et al. (2009)
tested the ability of AD patients and age matchaurols to generate past and future
autobiographical events. Results showed that Aeptst exhibited deficits in both
remembering past events and simulating future syg@enerating fewer internal and
external episodic details (as estimated by the isgorprocedure of the
Autobiographical Interview) than healthy older coitg. In line with the results of
Addis et al. (2008), the internal and external dleteores were strongly correlated
across past and future events. The authors atdbilte semantic autobiographical
deficit evident in AD (for both past and future et® to the progression of the
atrophy of the hippocampus, beyond the medial teaipegions to larger portions
of the neocortex supporting semantic memory (Leghal., 2009). The results of
Addis, Sacchetti, et al.’s (2009) study therefarggest a close association between
future thinking and retrospective memory. Howevsild AD patients participating
in this study may have been impaired on cognitwections other than episodic
memory that may have contributed — to some extéottheir future event simulation
deficits. Neuropsychological testing indeed revéademe impairment in executive

functioning (as assessed by the Trial Making Test B). The supposed symmetry
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of past and future episodic deficits should beh®rtinvestigated in populations

affected by selective memory impairment.

The aim of the current study is to assess theioal@ietween past and future thinking
in patients suffering from amnesic Mild Cognitivengairment (aMCI). The term
MCI has become widely used to describe a conditioold people whose memory
and/or other cognitive abilities are below the naktevel, but who do not meet the
accepted criteria for dementia. Clinically, diffetesubtypes of MCI have been
recognized, with the amnesic subtype having anag&del risk of progressing to
Alzheimer’s Disease (AD; rate of conversion to AD10-15% per year; Gauthier et
al., 2006; Petersen & Negash, 2008; Petersen gt2@01). Amnesic MCI is
characterized by a selective and isolated impaitro€episodic memory, while the
other cognitive functions and the ability to deakhwdaily living activities are
relatively preserved. Patients with aMCI typicadlyow atrophy of the hippocampus
and other medial temporal lobe regions (e.g., &&k., 2000; Killiany et al., 2002).
The isolated impairment of episodic memory, dudifgpocampal malfunctioning,
renders aMCI a clinical condition particularly suiote for a direct assessment of the
relation between past and future thinking. If, aggested by the constructive
episodic simulation hypothesis, people use episodemnory to imagine future
autobiographical events, and as aMCl is consideréa a transitional stage between
healthy aging and AD, and given that both theseeexts of the aging process show
some form of impairment in autobiographical memasywell as episodic future
thinking, aMCI patients should show an impairmenautobiographical memory and
episodic future thinking somehow intermediate tat thf normal aging and AD. In
this respect, it is important to note that theres@ne evidence showing that
autobiographical memory is indeed impaired in aMEbr example, using the
Autobiographical Interview (Levine et al., 2002),uNdhy, Troyer, Levine, and
Moscovitch (2008), found that, although aMCIl andalttey controls generated
protocols of similar length, the aMCI group proddidewer episodic, event specific
details and an increased number of semantic detailtheir recollections, as
compared to controls. This pattern of reduced esdut elevated semantic

autobiographical memory in aMCl as compared tothgadontrols magnifies finding
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with healthy older adults relative to younger aslfitir past events.

The study described in the present Chapter, whaclhk first time assesses episodic
future thinking in aMCI, will help track the coursé the deficit in past and future
thinking, thus providing potentially important imfoation on the relation between

these two supposedly associated cognitive processes

7.2 Method

7.2.1 Participants

Fourteen old adults affected by aMCIl and 14 heaftbgtrols participated in this

experiment.

The patrticipants with aMCI were selected from a@éarpanel at the Laboratory of
Neuropsychology of Aging of the Department of Geita (ASL Napoli 1). The
diagnosis of aMCI was reached according to thersitproposed by Petersen et al.
(1999), including (a) exclusion criteria for deman{DSMIV, APA, 1994); (b)
memory complaints documented by the patient or bgokateral source; (c) a
performance of at least 1.5 standard deviationswbelge and education matched
controls on at least one of the measures assespiagdic memory included in the
Mental Deterioration Battery (MDB — Carlesimo, @ajirone, & Gainotti, 1996); (d)
no evidence of significant deficits in other cogrétdomains explored by means of
the Mini Mental State Examination (MMSE; Folsteifolstein,&McHugh, 1975;
Italian norms in Measso et al.,, 1993), the MDB (€simo et al., 1996), and the
Frontal Assessment Battery (FAB — Dubois, Slachgvéktvan, & Pillon, 2000;
Italian norms in lavarone et al., 2004); (e) a eauirat least 26 on the MMSE; (d) no
evidence of difficulties in everyday activities;) (ho history of stroke or other
cerebrovascular disease; (g) no evidence of matabehdocrine, or nutritional

deficiencies.
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Healthy older adults were members of different, mosademic, local associations.
Individuals assuming psychoactive pharmacologicedtiment able to alter normal
memory skills, with a history of neurological angyphiatric disorders and the
elderly with a score less than 26 on the MMSE vexauded from the study.

There were no significant differences (adl > 0.05) between aMCI and controls on
demographic variables related to age (aM&+, 74.7, SD = 7.4; control$/= 73.5,
SD = 8.0), education (aMCM= 12.8, SD = 5.1; control$/= 13.0, SD = 2.0), and
on the MMSE scores (aMCM= 24.8, SD = 2.8; controldyl= 26.3, SD = 1.3).
Elderly with aMCl and controls gave informed wniteconsent prior to the
commencement of the study and did not receive @Gncompensation for

participation.

The study procedure was approved by the local @thmmmittee and was performed
in accordance with the Declaration of Helsinki.

7.2.2 Materials and procedure

The experiment was conducted in one single ses$tanticipants mentally re-
experienced and pre-experienced four autobiographépisodes (occurred or
occurring within the past or next year) in responseeight cue words. More
precisely, two sets of eight words, matched forilanity, frequency, imageability,

and concreteness, were selected from Italian ngBuosani, Barca, & Arduino,

2001). Within each set, the words were randomlyezy/through temporal direction
(remember or imagine). Each participant was thergaed to one of these two lists
of words. Half participants performed the past tis, followed by the future task,
the other half received the opposite sequence. eé}perimental procedure was
adapted from D’Argembeau and van der Linden (2@04) from Addis et al. (2008).
Participants were encouraged to retrieve and ineatggmporally and contextually
specific events. Future events also had to be lieyugiven the participant’s plans,

and novel, that is, not previously experiencedhwy garticipant. Each cue word was
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displayed on the computer screen together with taskuctions concerning the
temporal direction (remember or imagine) and timeetiperiod (last year or next
year). Once an event had been retrieved or imagjtege was no time limit for
retrieving or imagining an event), participants &given 60 s to retrieve or imagine
as many details as possible. Participants thenribdesc their past and future
representations (their responses were recorded asitigital audio recorder for later
transcription) and rated each event, using a 7psgate (Szpunar & McDermott,
2008), on (a) three measures that were summedrimo dosensorial details index
(visual details, sounds, smell/taste; 1 = none,a/let), (b) three measures that were
summed to form a clarity of context index (claray location, clarity of spatial
arrangement of objects, clarity of spatial arrangetmof people; 1 = vague, 7 =
clear), and (c) ameasure of the subjective expegieassociated with the mental
image (feeling of experiencing the event, 1 = nores a lot). Furthermore,
participants also indicated the novelty of eachgmed event by rating how often
they had experienced in the past the same or asumilar event (1 = never; 7 = very
often). This question was aimed at ensuring thatigig@ants were imagining truly
novel scenarios rather than retrieving an event biza already taken place and

adjusting it to fit in with the test requiremenseé Chapter 5).

The qualities of the autobiographical recollecti@ml simulations were estimated
using the standardized scoring procedure develbgedevine et al. (2002). More
precisely, for each past and future event produmegdarticipants, the central event
(the event discussed in most detail that occurnezt a brief timeframe) was first
identified. The central event was then segmente idetails, i.e., unique
occurrences, observations, or thoughts (that tilgicecur as grammatical clauses
defined by a subject and predicate, such as “lgkdpny sandwich”). Details were
classified as internal or external, internal detdieing those that were specific to
time and place, and considered to reflect episodior pre-experiencing, and
external details being those that pertained toaeetus information that was not
uniquely specific to the main event being descriaed not anchored to the time and
place. Internal details were divided into furthebsategories: (a) event (happenings,
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people involved, actions, nature of the environmefi) place (information about
where the event occurred), (c) time (date, seaspitime of day), (d) perceptual
(sensory information) and (e) emotion/thought retato the event. External details
were also subcategorized: (a) event (specific defil@m other incidents, from all of
the above categories, external to the main eveaileel or imagined), (b) semantic
(general knowledge or facts, ongoing events, exérstates of being), (c) repetition
(unsolicited repetition of details), and (d) othémeta-cognitive statements,
editorializing). The transcriptions were segmernit&d internal and external details
by a single trained rater, who was blind to thedilipses of the study. It is relevant
to note that this rater scored events in a manmar was highly reliable with the
ratings provided by the experimenter. The inteerragliability () was .82 and .88

for internal and external details, respectively.

7.3 Results

7.3.1 Design of the analyses

Results concerning group differences in the phemameharacteristics of past and
future events will be reported first. Then, grouffedences in the qualities of the
autobiographical recollections and simulations.,(ike the number of internal and
external details) will be examined. Finally, follmg Addis et al. (2008), the
correlations between internal and external detailpast and future events will be

reported.

7.3.2. Ratings of phenomenal characteristics

Separate 2 (Group: aMCI vs. controls) x 2 (Tempd&@uiction: past vs. future)
mixed analyses of variance (ANOVA) were carried dot each phenomenal
characteristic. The mean ratings are presentedabieT7.1. Results indicated that
there were no group differencdq1, 26) = 1.47, or differences between memories

for past events and representations of future sy&il, 26) = 0.14, in terms of
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sensorial details. Analogously, the interactionwaein Group and Temporal
Direction was not significan&(1, 26) = 0.37. As regards clarity of location, rthe
were no group differenceB(1, 26) = 0.24. However, results indicated that roees
for past events were more clearly represented tlgresentations of future events,
F(1, 26) = 5.13p < 0.05. A significant Group x Temporal Directionaraction,F(1,
26) = 4.59p < 0.05, revealed that the difference between pastfaure events was
evident only in the aMCI group.

Past events Future events
C aMCl C aMCl
Sensorial details 4.2 (1.1) 3.6 (1.3) 4.0 (1.3) 3.6 (1.0
Clarity of location 5.1 (1.0) 5.7 (0.6) 5.1 (0.9) 4.8 (0.9
Feeling of experiencing | 6.2 (0.9) 5.1 (1.6) 6.0 (0.9) 4.4 (1.7
Frequency of occurrence - - 1.6 (0.9) 4.2 (1.5)
(novelty)

Table 7.1 - Mean ratings (and standard deviationsas a function of event type
(aMCl, Note:

proportionately as frequency of occurrence increas i.e., the lower the rating,

(past, future) and group control). Novelty decreases

the higher the novelty.

Concerning the subjective experience associated tvé mental image, the control
group showed stronger feelings of experiencingawents,F(1, 26) = 12.91p <
0.001, than aMCI patients. The main effect of Terap®irection,F(1, 26) = 2.05,
and the interaction between Group x Temporal DivecF(1, 26) = 0.72, were not

significant.

With respect to the novelty of future representajan Chapter 5 we hypothesized
that, to the extent that participants envisagey tnolvel scenarios, the novelty of their
representations should be rated as high, thatnigsaged future events should be
rated as never having happened before. Howevemsgection of the frequency

distribution of ratings (Table 7.2) suggests tiéd tvas the case only for the control
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group in this study. In fact, less than 30% of fatevents produced by aMCI
patients were rated as novel. In contrast, therobgtoup rated 66% of future events
as novel. Group differences in the mean ratingrefjdency of occurrence were
indeed significant(26) =—5.48p < 0.0001.

Ratings aMCl C
1 28.6 66.1
2 1.8 26.8
3 3.6 0.0
4 12.5 0.0
5 17.9 5.4
6 12.5 0.0
7 23.2 1.8

Table 7.2 - Frequency distribution of ratings conceing the novelty of future
scenarios in aMCI patients and controls.Note: The numbers indicate the
percentage of events that received ratings from bt7 (out of 56 near events and

56 distant events).

7.3.3 Number of internal and external details

A 2 (Group: aMCI vs. controls) x 2 (Details: intatrvs. external) x 2 (Temporal
Direction: past vs. future) mixed analysis of vada (ANOVA), with Group as a
between subjects factor, and Details and Temporecbon as within subjects
factors, was conducted on the mean number of depabduced by aMCI and

controls (see Fig. 7.1).
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I m aMCl
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Mean number of details

.

Past ‘ Future Past Future

Internal Details External Details

Figure 7.1 - Mean number of internal and external @tails per event generated
for past and future events by aMCI patients and cotrols. Error bars are

standard errors of the mean.

Results showed that, overall, aMCI patiems=(5.33; SD = 3.06) and controlsl€
5.36; SD = 3.31) produced an equivalent number ehit$, F(1, 26) = 0.005,
indicating that both groups produced protocols iofilar length. Given that group
differences in general conversational style magafthe interpretation of the results,
we further analyzed whether there were group diffees in the mean number of
words used to describe past and future events.|Restua 2 (Group: aMCI vs.
controls) x 2 (Temporal Direction: past vs. futun@xed ANOVA showed that there
were no differences between grodps1, 26) < 0.76. The mean numbers of words
used by controls to describe past and future ewsate 105.23 (SD = 40.65) and
103.89 (SD = 34.55) respectively; the mean numlzérsvords used by aMCI
patients to describe past and future events we59@D = 36.64) and 96.03 (SD =
51.36) respectivehA total of 12 controls and 11 aMCI patients papating in the
present study were tested with a scene descripiskh The output of this verbal
description task could be used to further analysemdifferences in conversational
style. The results show that the number of uttesamtid not differ significantly
between the two groups: aMCI patiet4547.10; SD = 22.59), controlME 64.25;
SD =27.02)§(21) = 1.68.
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The main effect of Detail$;(1, 26) = 5.11p < 0.05, was significant, indicating that,
overall, participants produced more internl=(5.89; SD = 3.15) than external
details M= 4.75; SD = 3.12). The interaction between Groogh Betails,F(1, 26) =
35.72,p < 0.0001, and between Group and Directiefi,, 26) = 7.10p < 0.01 were
significant. These interactions showed, respegtjviiat controls produced more
internal details1= 7.42;SD = 1.98) than aMCI patientd=< 4.42;SD = 1.87)t(27)
=4.11,p < 0.0001, whereas aMClI patients produced more reiteletails 1= 6.31,;
SD = 2.26) than controlsvi= 3.23; SD = 1.36)t(27) =—4.37,p < 0.0001, and that
controls producednore details for pastM= 6.14; SD = 1.80) than for futuevents
(M= 4.53; SD = 1.38)t(13) = 3.38,p < 0.005, whereaaMClI patients produced an
equivalent number of details for past< 5.50; SD = 1.85) and for future event$<(
5.58; SD = 1.60)t(13) =-0.67. The interaction between Details andnperal
Direction was also significang(1, 26) = 72.71p < 0.0001, indicating that more
internal details were produced for past=7.48; SD = 3.0) than for future events
(M= 4.35; SD = 2.5)1(27) = 6.50,p < .0001, whereas more external details were
produced for futureM= 5.71; SD = 3.7) than for past event4=3.88; SD = 2.0),
t(27) =-2.77 p < 0.01. Finally, the Group x Details x Temporaldaiion interaction
was also significant=(1, 26) = 28.13p < 0.0001. In order to better describe this
three-way interaction, we conducted two separatlweup Group x Temporal
Direction ANOVAs for internal and external detailshe results of the ANOVA on
internal details showed main effects of both Grand of Temporal Directiorks(1,
26) > 16.83ps < 0.0001, indicating that aMCI patients producesslinternal details
as compared to controls and that, overall, morermatl details were produced for
past than for future events. The difference betwtbemumber of internal details for
past and future events was equivalent in the twaoigg of participants, as indicated
by a non significant Group x Temporal Directionelaiction (see Fig. 7.1). The
results of the ANOVA on external details showed ainmeffect of Group and of
Temporal DirectionFs(1,26) > 15.57ps < 0.0001, indicating that aMCI patients
produced more external details as compared to @entand that, overall, more
external details were produced for future thanpfast events. However, a significant
Group x Temporal Direction interactioR(1, 26) = 28.82p < 0.0001, revealed that
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the difference between the number of external Betar past and future events was
significant only for the aMCI patienti13) =—5.46p < 0.0001 (see Fig. 7.1).

7.3.4 Correlations

We computed correlations between internal and eatedetails for past and future
events across all participants. In line with resuéiported by Addis et al. (2008), we
found a significant correlation between past artdriiinternal detailsr(= .58,p <
0.001) and a marginally significant correlation vibe¢n past and future external
details ¢ = 0.35,p = 0.06). These positive correlations have beenwatded for as
evidence of the striking overlap between the spruifof past and future events
(Addis et al., 2008). However, we also found a #icgnt negative correlation
between future internal and external details<{.55,p < .01). It is important to note
that recently Addis, Sacchetti et al. (2009) foumdegative correlation between
future internal and external details, computed gisiata from healthy old adults and
AD patients, that approached significance when ¢ewariates (MMSE, phonemic
and semantic fluency) were controlled for. The arghsuggested that their finding
might indicate that, when controlling for cognitivkecline and fluency abilities,
those subjects who generate more external det&ts generate fewer internal
details. In the present study, there were no st differences between aMCl and
controls on the MMSE scores. In addition, perforoenf all aMCI patients in the
phonemic fluency task (Carlesimo et al., 1995) wdhin the normal range for age
and education (range = 17-4Bi= 28.1; SD = 6.8; data on controls were not
available).

It seems, therefore, plausible to conclude thageneral, the pattern of decreased
internal and increased external details for pagtfature events, commonly observed
across the aging process, likely reflects an irsgdaeliance on external semantic
details when unable to generate internal episoéiaild, as originally suggested by
Addis et al. (2008).
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7.4 Discussion

In this chapter episodic future thinking in aMClipats is assessed for the first time.

Results revealed that aMCI patients produced fepesodic, event specific details,
and an increased number of semantic details im teeollections and simulation of
past and future as compared to controls. Furthesmmoth groups produced more
internal details for past than for future eventeereas the number of external details
was higher for future than past events only for did&tients.

Differences between controls and aMCI patientsenegal conversational style were
not a factor of concern in the interpretation afgé results. In fact, when describing
past and future events, aMCI patients and conprdgluced, overall, an equivalent

number of details and used an equivalent mean nuailyeords.

These novel results fill the gap in the currengrBiture concerning the ability to
simulate future events in patients with episodiamogy impairments. On the one
hand, it is well known that healthy older adult®duce fewer episodic and more
semantic details, as compared to younger adultshdith past (Addis et al., 2008;
Levine et al., 2002; Piolino et al., 2002) and fat(Addis et al., 2008) events. On the
other hand, it has been recently shown that ADepttiproduce fewer internal and
external details as compared to healthy older adalt both past (Addis, Sacchetti,
et al., 2009; Ivanoiu, Cooper, Shanks, & Venneli0& Leyhe et al., 2009) and
future (Addis, Sacchetti, et al., 2009) events.tlkemmore, there is evidence of
reduced episodic specificity in autobiographicalnmey in aMCI patients (Murphy
et al., 2008).

Recently, Addis, Sacchetti et al. (2009) acknowésbghat “while amnesic MCI

patients exhibit significant declines in memory ifternal episodic details, as do AD
patients, it appears they can still rely on stiage@lso used by older adults when
describing past and future events” (p. 2668). Tdsallts of the present study extend

the impaired episodic spared semantic trend to lating future events in aMCl,
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placing the performance of aMCI patients at anringsliate position between that of
healthy elderly and AD patients. We suggest, ia With Addis et al. (2009), that the
three stages — from healthy aging, through aMCIA® — of the impairments
affecting past and future thinking may reasonal#flect the progress of the
neuropathological changes associated with thesealitaoms, i.e., from initial
functional and structural changes that affect thediad temporal area in normal
aging (Driscoll et al., 2003), encompassing thepbgampus and surrounding
cortical regions, to a more severe, though selectmpairment of the hippocampus
and other medial temporal lobe regions in aMCl.(elgck et al., 2000; Killiany et
al., 2002), to a more extensive atrophy beyondibdial temporal regions to larger
portions of the neocortex (supporting semantic nrgjna AD (Leyhe et al., 2009).

Therefore, the results of the present study, ijuwuarion with the findings of Addis
et al. (2008), Addis, Sacchetti, et al. (2009) afhdviurphy et al. (2008), provide
evidence for the close linkage between remembéh@gast and imagining future.

There are, however, some relevant issues thattodssiconsidered.

One issue pertains to the status of the semantigpepent of autobiographical
memory in aMCI. In line with results of Murphy dt €008), we found a pattern of
reduced episodic but elevated semantic autobiograpimemory in aMCI, as

compared to controls.

However, it is important to note that, in a recstidy, Leyhe et al. (2009) detected
an impairment in both the semantic and the episcalicponents of autobiographical

memory in aMCI patients.

These different results may be due to differencethé experimental task used to
assess autobiographical memory. Like Murphy et (@008), we used the
Autobiographical Interview by Levine et al. (2002phich extracts indices of
semantic and episodic autobiographical informatiom within a single narrative. In

contrast, Leyhe et al. (2009) used the Autobiog@lhMemory Interview by
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Kopelman, Wilson, and Baddeley (1990), which prolegssodic and semantic
memory separately, through the recall of specifastpevents and names, and
addresses, respectively, across the lifespan.

It has been argued that these separate meastifiesaliyt divide these two forms of
autobiographical memory, which co-occur and interam naturalistic
autobiographical discourse, assessing them witkstasmimatched in sensitivity,
content, and psychometric characteristics (Murghal.e2008).

A further relevant issue pertains to our findingmeerning the novelty of imagined
future events. In the present study, almost all &pkZticipants rated their imagined
future events as already occurred, more or lespémtly, in the past. In contrast,
only a small percentage of events produced by colntwere rated as already
occurred in the past. It is relevant to note thatChapter 5 we stated that self-
projection into the future may appear much moréatilt than remembering the past
and may consequently lead the participant to relyre or less deliberately, on some
alternative strategies. In line with this hypotlsesive showed that, occasionally,
people do indeed reproduce events that have al@adyred in the past or that are

very similar to past events, rather than envisigriraly novel events.

Given that, in the present study, aMCI patientsdéelh more than controls, to
produce future events that were rather similarast gvents, it could be posited that
they had difficulty constructing scenarios that imeder happened and therefore fell
back (partially) on old episodic memories. If thvere the case, this finding would
cast some doubt on the accrued wisdom that futhirking and remembering
involve primarily similar processes. One could &gat least on the basis of this
observation, that future thinking involves addiabrognitive processes which are
impaired in aMCI. This hypothesis is indirectly popted by results of neuroimaging
studies. Recently, Addis, Pan, et al. (2009) idextj in healthy young adults, two
subsystems within the network involved in rememiggand imagining events, the
imagining subsysterand the remembering subsysteognsisting, respectively, of

neural regions that responded more strongly to inmag than remembering, and of
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regions showing the reverse pattern. The authoggested that the imagining
subsystem may reflect the increased cognitive ddmaelated to recombining
episodic details into an imaginary scenario, asospg to the recasting of an entire
past event. Future research should therefore fosudentifying the neural correlates
of remembering and imagining in aMCI patients, adlvas in other pathological

conditions.

This approach, associated with the analyses ogstib¢ and objective detail ratings
(i.e., according to Levine et al.’’s procedure) msignificantly improve our

understanding of patients’ ability to simulate gt@vents.

Finally, another result that is worthy of noticetive present chapter is the number of
internal and external details produced by contanld aMCI patients. Healthy older
adults and aMClI patients who participated in endtadies produced a mean number
of internal and external details larger than cdetemd aMCI patients in the present
study. In Levine et al. (2002), in Murphy et alO(B), in Addis et al. (2008) and in
Addis, Sacchetti, et al. (2009) the mean numberitgirnal and external details
produced by older adults during recall of eventstloé previous year were
(appreciatively) 19 and 26, 22 and 14, 35 and 28, 30 and 40. The numbers of
internal and external details produced by oldertadiduring imagination of future
events were 27 and 28 in Addis et al. (2008), &ndril 48 in Addis, Sacchetti, et al.
(2009). For aMCI patients, in Murphy et al. (2088 mean numbers of internal and
external details produced during recall of evenfstlee previous year were

(appreciatively) 13 and 15.

The differences in the number of details seem oditet related to differences in the
participants’ selection criteria, as the groupsaMCl patients and controls were

almost equivalent across the studies with resjpetdan age and education.
Therefore, it appears more reasonable that thassgdint findings are associated

with factors inherent to the specific task usethm different studies. For instance, in

Levine et al. (2002) and in Murphy et al. (2008jtiggpants were asked to choose, in
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the context of the Autobiographical Interview (Leeiet al., 2002), a personal past
memory event that happened at a specific time dacedor specific life periods.
These events were presumably the most accessitherarefore, the most likely to
yield detailed recollections. On the other handhmm studies by Addis et al. (2008),
Addis, Pan, et al. (2009) and Addis, Sacchetti.ef2809) participants were cued to
recollect past events (and to simulate future e)doy means of single words. This
procedure is unquestionably more demanding tharelyfraecollecting past
experiences. However, these authors also usedajgmebes to clarify instructions
and encouraged further description of details.him $tudy by Murphy et al. (2008)
general probes were also given to encourage rewfalbetailed information,
particularly if the participant had trouble coming with a specific detailed memory

or provided a very brief recollection.

In the present study, a relevant aspect of thegohore was that participants were
cued to recollect and simulate past and future tsvieym means of single words and

no general probe was provided.

Apparently, the procedure of the present study idess/the participants with the
lowest support for recollection and simulation eéets, and may thus be responsible

for the overall lower number of details producedcbytrols and aMCI.

Overall, the analysis of extant results in therditare reveals that research in this area
Is still in its infancy and needs to be furtheroimhed in the future by advances in
understanding of both the quantitative and qualgatifferences in the ability of

normal and pathological populations to engage isogjic future thinking.
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8. Future thinking in Parkinson’s Disease:

an executive function?

8.1 Introduction

It has long been posited that an intimate relatinderpins episodic past and future
thoughts: “It may be said that we have no grastheffuture without an equal and
corresponding outlook over the past” (Bergson, 191.369-70). Bartlett (1932)
noticed that remembering is not entirely distimonf imagining or from constructive
thinking, but it has a close linkage with them.11873 it was already “abundantly
clear that human behaviour is active in charadtext it is determined not only by
past experiences, but also by plans and designsaufating the future” (Luria, 1973,
p. 13). Therefore, when people with memory dis@dsannot completely rely on
their past, their future remains “hazier, more v@gud more confused” (Lidz, 1942,
p. 596).

Consistent with these early intuitions, the present a common core network,
which underlies autobiographical episodic remenmgerand future thinking, has
been recently experimentally supported (for a meveee Schacter et al., 2008;
Szpunar, 2010). Certain cortical areas (specificélle medial prefrontal cortex,
posterior regions in medial and lateral parietateoq lateral temporal cortex, and the
medial temporal lobe including the hippocampus)ehbgen shown to be associated
with episodic memory and imagination of the futfeeg., Hassabis et al., 2007,
Schacter et al., 2007; Schacter & Addis, 2009)sTidence has led to the claim
that we need to access past experiences in ordettitbpate future events (Szpunar,
2010; Schacter et al., 2008; Schacter & Addis, 2007

" de Vito S, Gamboz N, Brandimonte MA, Barone P, AmbM, and Della Sala S. Future
thinking in Parkinson’s Disease: an executive fiom@Neuropsychologian press
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Patient studies corroborated this hypothesis. # been noted, for example, that
amnesic patients (O.S., Lidz, 1942; K.C., Tulviag85; D.B., Klein et al., 2002),
seemed almost mentally locked in a permanent preseme the preceding events
were “not available to meet the new” ones (Lidz42,9. 595). The famous patient
H.M., who became amnesic in 1953 after the bilatesection of medial temporal
lobe structures, was interviewed in 1992 by Suzabmekin. When asked "What do
you think you’ll do tomorrow?", he answered "Whaeis beneficial”, since he “had
no database to consult” to respond about his pafldoiture (S. Corkin, personal

communication, 01/26/11).

Similarly, Hassabis et al. (2007) reported on fimemory-impaired patients with a
bilateral hippocampus damage, four of whom hadadiffy constructing detailed and
spatially coherent fictitious scenarios. Lastlytig@ts with Alzheimer’s disease (AD;

Addis et al., 2009) presented impairments in elEANEwW experiences.

However, it is as yet unclear which specific cogmitdeficits play a fundamental
role in determining these observed impairmentspdnticular, it is still debated
whether episodic memory deficits are indeed the selevant factor in determining
difficulties in imaging own future and whether thgoppocampus plays the crucial
role in the construction of future scenes (Squtralg 2010). The findings gleaned
from the literature are controversial. Hassabisalkt(2007) reported that focal
amnesics had troubles in constructing novel evérkewise, patients suffering from
amnestic MCI, a subtype of Mild Cognitive Impairmheharacterized by a selective
and isolated deficit of episodic memory (presumalnlye to hippocampal
malfunctioning), generated fewer details in a fatthinking task than their matched
controls (see Chapter 7). On the other hand, Seuiad. (2010) obtained different
results with patients suffering from a well-chaeaized hippocampal lesion. Despite
their impairment in recollecting recent personahmees, these patients performed
similarly to controls when simulating future epissd The authors concluded that, in
view of these findings, difficulty in imaging thettire is unlikely to be due only to
pure amnesia if the past-future network of braaarpostulated by Schacter et al.
(2007) is largely spared (Squire et al., 2010).

129



Indeed, little information regarding the lesiondtion of some amnesic patients, like
O.S. and D.B., is provided, and when it is, liketive case of K.C., it indicates
widespread damage. Even the patients tested byabiasst al. (2007) apparently
suffered from lesions encroaching upon areas diien the hippocampus (for a
discussion, see Squire et al., 2010 and ensuingspwndence, Maguire & Hassabis,
2011; Squire et al., 2011), including areas assettiaith executive functions (e.g.,
Samarasekera et al., 2007). Equally, AD patientsy show a widespread range of
neuropathological changes, suffer from dysfunctionslving brain areas other than

hippocampus.

Moreover, neuroimaging studies have indicated atéqeolar activation during future
thoughts. Future thinking tasks recruit severaliteaithl regions compared to the
construction of past episodes, such as frontopotatex and left ventrolateral
prefrontal cortex (Addis et al., 2007). Okuda et(2003) demonstrated that specific
frontal polar areas, including Brodmann area 10 (B) were more activated when
imaging the future than when remembering the pagtarticular, the activity of the
right frontopolar cortex (BA 10) positively corréds with the amount of details
comprising the future events (Addis & Schacter,@06urthermore, damage to the
prefrontal cortex can impair the conscious awarenek one’s self continued
experience in a subjective time. This ability, alsmwn as chronestesia, might be
closely related to the capacity of projecting thelwss toward the future (for a

review see Wheeler et al., 1997; Szpunar, 2011).

Thus, Squire and his colleagues (2010) proposeddiffarent cognitive processes
unrelated to episodic memory play a crucial roleinmagination of the future.
Specifically, other functions aside from episodiemory itself are likely to underlie
the episodic future details generation.

According to this idea, some authors noted strawgetations between event-related
details generation tasks and tasks engaging execfithctions. Addis, Wong and
Schacter (2008) observed that the episodic spigib€ past recollections and future

constructions correlates with a standardized measifir executive control, the
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Backward Digit Span task, known to activate thesdtateral prefrontal cortex
(Hoshi et al., 2000). To test this hypothesis, Adaind colleagues (2010) adopted a
novel experimental recombination paradigm, whiclqureed healthy older and
younger adults to recombine details when simulatingevent that might occur in
their future or that might have happened in theistp Interestingly, the authors
documented that the age-related difficulty in prdg episodic details, already
shown by Addis et al. (2008), extended to a coaditinvolving solely the
recombination of different details into an integrapisode. A new task was also
designed by Summerfield, Hassabis and Maguire (ROI® order to better
investigate the process of constructing coheredtvand scenarios. The participants
of this study were instructed to begin the tri@acing their imagination. Then, they
were auditorily presented with single scene eleméinbm three to six) in a serial
manner. They had to imagine the first element ifclaan state” (i.e., with no
context) and, successively, they had to combiné sawle element together with
the previous ones to build up naturalistic scenem@easing complexity. In this
study, fMRI showed the activation of the differeateas of the core network
(Schacter et al., 2007), being engaged and disedgag required during each step.
The hippocampus and the dorsolateral prefrontatexowere both significantly
activated during the oral presentation of the ®isiment. The addition of the second
element required an increasing activity of the dateral prefrontal cortex (maybe
to allow the maintenance of the two elements inkimgr memory, as the authors
suggested). However, crucially, in this phase,hippocampus (together with other
areas of the core network activated during the ftsp) down-regulated. With the
introduction of the third element, the authors obseé a greater activity in additional
regions (i.e., the medial parietal cortex) and onm@@e an up-regulation of many
areas, like the hippocampus, activated during itis¢ phase, but down-regulated in
the second phase. Such observations provide us clihs as to the possible
alternative role played in the scene constructignhippocampus-related memory

functions and by frontally based executive funcdion

Taken together, these lines of evidence suggesteietutive functioning plays an

essential part in the production and recombinatbrvent-related details. Should
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this be the case, an executive dysfunction ougbatse a significant impairment in

the episodic simulation of future events, even wigisodic memory is spared.

We sought to further our understanding of this esday testing people with
Parkinson’s disease (PD). PD is a neurodegenerdiboeder that progresses slowly
and is characterized by degeneration of the dopangim system. The main motor
symptoms are bradykinesia (i.e., slowness whemaimg voluntary movements),
tremor, muscular rigidity and postural instabilith wide range of cognitive
impairments is often associated with PD, the masimment of which is a
dysexecutive syndrome, that resembles the typotdgyognitive impairment found
in frontal lobe patients (Bosboom et al., 2004; RpW®002). The choice of this
particular population, early non amnesic PD, wa®adtly linked to the question
posed in our study, i.e. whether people with nortowemory problems, and who

might have other mild cognitive deficits, could etimless present with FT deficits.

The present study assesses for the first time @jpisature thinking in PD patients. It
aims at casting a light on the alternative roleygth by executive functions in

episodic future thinking, when memory is totallegerved.

8.2 Method

8.2.1 Participants

Thirty-one old adults affected by PD and 31 healtontrols took part in this

experiment.

The participants with PD were selected from a langgnel at the Parkinson and
Movement Disorder Centre, Department of NeuroldgiBaiences (Federico I
University, Naples). The diagnosis of PD fulfillele UK Parkinson’s disease
Society Brain Bank clinical diagnostic criteria fBi & Lees, 1988). All patients

were under anti-parkinsonian treatment at a stahdeoptimized daily dosage during
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the 4 weeks prior to study entry. Twenty of our p&dients were under a treatment
comprising both levodopa (M = 477,5; S[dg= 260,3) and other dopamine-agonists
(Mg = 297,5; SIag= 212,42); 6 of them were taking only dopamine-asfsnMyg

= 321,66; Slag= 63,37) and 5 of them were being treated only wétiodopa (Mg

= 460; Shxg= 178,18).

Exclusion criteria were: (1) dementia accordingctimical diagnostic criteria for
dementia associated with PD (Emre et al., 2007);n{@jor depression according
DSM-IV criteria for current major depression (Anwmn Psychiatric Association,
1994); (3) clinically significant or unstable mealiccondition including serious
cardiovascular or cerebrovascular disease; andariijcholinergic or neuroleptic

treatment.

Our patients were selected for being at the verly edages of the disease. Their
magnetic resonance imaging had to be normal. Aaogrtb Hohen and Yahr' s

classification (1967), our PD patients were to ximum at the second stage of the
Parkinson’s disease. More specifically, 16 of theere at the stage 2; 11 of them

were at the stage 1,5 and 4 of them were at tige dta

Furthermore, specific tests were selected from Ntental Deterioration Battery
(MDB; Carlesimo et al., 1996) in order to recrwtedy people with (a) no deficit in
immediate and delayed recall test (Rey's 15 worthédiate Recall and Delayed
Recall; scores, respectively, above 28.53 and 4.@9)spared logical reasoning
(Raven’s Progressive Matrices’47; scores above6)8#&nd (c) a fluent language
(Phonological Verbal Fluency; scores above 17.3Bdreover, the participants
should have a score of at least 30, i.e., aboveftubn the Attentional Matrices,
which assesses attention by means of timed vigaatk (Della Sala et al., 1992).

There were no significant differences (@ 0.05) between PD patients and controls
on demographic variables such as age (R, 64.4, SD = 6.7; control$] = 67.9,
SD = 8.5) and education (PPl = 11.0, SD = 4.3; control$/ = 11.5, SD = 4.2), or
the MMSE scores (PDM = 27.5, SD = 1.7; control$) = 26.9, SD = 0.9).
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The healthy individuals were members of differgin-academic, local associations.
We did not recruit people under psychoactive phaoiogical treatment likely to
modify normal memory abilities or people with athry of neurological and

psychiatric disorders.

No honorarium was offered to participants. Befaaeteg the testing session, they

were asked to sign an informed written consent.

The study procedures were approved by the locatatbommittee and were carried
out in accordance with the Declaration of Helsinki.

8.2.2 Materials and experimental procedure

Each testing was carried out in one single sessidinparticipants were tested
individually and sat facing the same experimemex quiet testing environment.

The Frontal Assessment Battery (FAB; Dubois et2000) was also administered,
with the aim of exploring, by the means of six &g$, some skills related to frontal
lobe functions, in particular conceptualization, nta flexibility, and inhibitory
control. It should be noted that since the PD p#ieecruited for the study did not
present with deficits in verbal fluency, visual s#aor logical reasoning known to be
associated with frontal activation (Prabhakaramlgt1997), the FAB battery was
meant to identify minor executive disturbances, avel did not expect a large
subgroup being impaired.

Finally, participants were given the experimentaitéry. They were initially briefed
that they would be required to mentally re-expereemnd pre-experience twelve
autobiographical episodes (eight “temporal”, i@gcurred or occurring within the
past or next year; four “non temporal’, i.e., that necessarily are going to occur) in
response to randomly presented cue words (fortdmporal” events) or short verbal

cues (for the “non temporal” episodes).
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Aiming at eliciting the “temporal” (past or futureyents, two sets of eight words,
matched for familiarity, frequency, imageabilitypca concreteness, were selected
from ltalian norms (Burani et al., 2001). Withinckdist, the words were randomly
assigned to the two temporal directions. Then, gqaficipant was given one of
these two sets. The experimenter further explaitted the events had to be
remembered or imagined in as much detail as pessiParticipants also were
encouraged to produce temporally and contextugdbcific events and to vividly
imagine novel and plausible future episodes, gitbair current plans. This
procedure followed those of D’Argembeau and vanldeden (2004) and of Addis
et al. (2008).

In order to elicit the “non temporal” events, weedsten short sentences, which
outlined a variety of common-place scenarios (élgagine you are standing in a
open field by the banks of rivedr “Imagine you are standing on the deck of a ship
leaving port on a voyage’ The short descriptions were randomly assignedsac
the participants. Participants were instructed ichly invent new fictitious
experiences, never occurred before, and not terhpporeature and to describe them
in as many details as possible. The events hac tcohtextually specific, but not
necessarily plausible, neither even possible. Thequlure and the short verbal cues

were adapted from the paradigm devised by Hassalkis (2007).

Order of presentation of temporal connotation (p&sture, non temporal) was

counterbalanced.

The cues were displayed, one at a time, on the gtanpcreen with the instructions
about the temporal direction (remember or imagméne future or invent fictitious

experiences). Once an episode had been recalledagined, it was recounted by
each participant. There was no time limit. Paraats were allowed to keep on
verbally illustrating the event until they thougiat nothing else could be added.
Recollections and simulations were digitally re@atdo enable later transcriptions

and subsequent scoring of participants’ responses.
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After the transcription, a trained rater, who Vieéiad to the hypothesis of the study,
used the standardized scoring procedure developedlebine et al. (2002) to
systematically parse the details generated in #s and future events. This first
allowed to segment the main event (i.e., the matket about, with a brief
timeframe) into details and then to distinguishwestn (a) internal details (i.e.,
episodic information pertaining to the main evepigcific to time and place) and (b)
external details (general knowledge related toetent). A second rater, trained for
this purpose, was also required to score 20 préadecom the original participants,

10 from the PD sample and 10 from the controls.

Internal details were further categorized into: é@ent (happenings, individuals
present, physical/emotional actions and reactiareather), (b) place (information
about the environment where the event occurrefl}irfie (date, season, month, day
of the week, time of day), (d) perceptual (sensofgrmation, body position) and (e)

emotion (emotional state, thoughts).

External details were categorized into: (a) exteevant (specific details from other
incidents, from all of the above categories, exdeta the main event), (b) semantic
(general knowledge or facts, ongoing events, exérstates of being), (c) repetition
(unsolicited repetition of details), and (d) othémetacognitive statements,

editorializing).

8.3 Results

The entire group of patients presented with a nwanhe FAB of 14.14_(2.04).
Thirteen patients scored below the cut-off (i.eelolw 13.5) and eighteen patients
scored above the cut-off (i.e., above 13.5). Thiedutcome of the FAB is reported

in Table 8.1, showing the results from each o$itscomponents.
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On the experimental procedure, considering theethrenditions together, PD

patients and controls generated an equivalent nuoflgetails (PDM = 14.5, SD =
6.4; controlsM = 15.7, SD = 5.8)(60) =- 0.7, n.s.

PD

MF

MP

STI

IC

EA

FAB total

Total
(n.31)

1.7(.7)

2.5(.6)

2.3(.7)

2.7(.7)

1.8(.9)

3(0)

122104)

Groups
(FAB)

Exe
(n.18)

2.05(.7)

2.8(.42)

2.7(.46)

2.9(.3)

2.05(.9)

3(0)

15.5(1.3

Dysex
(n.13)

1.4(.6)

2.2(.7)

1.7(.7)

2.5(.9)

1.4(.6)

3(0)

12.2]1

Groups
(FT)

Hi-FT
(n.24)

1.91(.7)

2.6(.6)

2.4(.6)

2.9(.2)

1.8(.9)

3(0)

14.6(1.8

Po-FT
(n.7)

1.3(.7)

2.3(.7)

1.8(.9)

2(1.1)

1.7(.9)

3(0)

12.5(1.

Table 8.1 - The table reports the mean (standard detion) of the results

obtained at the six subtests of the FAB, i.e., coaptualization (C), mental

flexibility (MF), motor programming (MP), sensitivity to interference (STI),

inhibitory control (IC), and environmental autonomy (EA), by the whole patient

group (total); by the subgroup of executive patierd (Exe; who scored above the

cut-off of 13.5 at the FAB) vs. the subgroup of dgxecutive (Dysex; who scored
below the cut-off of 13.5 at the FAB); and by theudbgroups of the 24 patients

who obtained higher FT scores (Hi-FT) and the 7 pants who performed

poorer (Po-FT).
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A 2 (Group: PD vs. Controls) x 2 (Details: Interna. External) x 3 (Tempor:
Connotation: Past vs. Future vs. Non temporal) thixanalysis of varianc
(ANOVA), with Group as a betwe-subjects factor, and Details and Tempt
Connotation as with-subjects factors, was conducted on the mean numbertailsl
generated by PD and controls (see Fi¢8.1). The interater reliability r) between

the two raters, who scored the descript, was .94.

20

10 A

mFD

mC

Non Temporel Past ‘ Future

Non Temporel

Internal Details External Details

Figure 8.1 - Mean number of internal and external deails produced for past,
future, and non temporal events by PD patients (PDand controls (C). Error

bars indicate standard deviations

The results showed a highly significant main efigfcDetails,F(1, 60) = 165.9p <
O.OOl,niQ ~= 0.73, indicatin that, on the whole, participants produced i
internal M = 11.4, SD = 4.¢ than external detailsM = 3.7, SD = 2.8). Th
interaction between Details and GrouF(1, 60) = 15.16p < O.OOl,nz‘Q =0.2, was
also significant; po-hoc t-tests suggestethat the amount of internal dete
generated by PD patientM = 9.9, SD = 4.7) was significantly less than f
produced by controlsM = 12.8, SD = 4.7){(60) = - 2.4p < 0.02,n %= 0.09, and
that, on the contrary, the number of external tkein PD patients’ reportsM = 4.5,
SD = 3.3) was greater compared to the quantityxtéreal details recounted |
controls M = 2.8, SD = 1.9)t(60) = 2.5,p < 0.02, n %= 0.09. The interactio
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between Details and Temporal Connotation was atgofisant, F(1, 60) = 6.8,p <
0.005,32IQ = 0.1; post-hoc t-tests indicated that both grqupsiuced more internal
details when remembering past episodds=(12.3, SD = 5.2) than when imagining
future eventsNl = 9.4, SD = 5.6),t(61) = 4.9,p < 0.001, , 1" ®>= 0.29, and more
internal details when inventing non temporal evéhts= 12.4, SD = 6.4) than when
imagining future eventsM = 9.4, SD = 5.6){(61) = - 4.4,p < 0.001,n5" %= 0.24.
Finally, the three-way interaction concerning Grauetails and Temporal
Connotation was also significami(1, 60) = 6.45,p < 0.005,1129 = 0.9. With the
aim of better explaining the latter interactionotdifferent following-up ANOVA
were carried out for internal and external detas.regards the internal details, the
results revealed main effects of both Grobgl, 60) = 5.9p < 0.05,_r|2‘Q =0.09
and Temporal Connotatiof, (1, 60) = 13.8p < 0.001,1129 = 0.18. These indicate
that PD patients generated less internal detaifypemed to controls and that, overall,
more internal details were generated for plkt(12.3, SD = 5.2) and non temporal
(M = 124, SD = 6.4) events than for future eveMs X 9.4, SD = 5.6). It is
important to note that, overall, an equivalent amai the subtype of internal details
previously labelled as “events” (mainly happeniagsl physical/emotional actions
and reactions of the individuals present in thesege) was generated in futuM €
3.8, SD = 2.3) and non tempord & 3.4, SD = 1.9) tasks, whereas, overall, more
“perceptual” internal details (mainly sensory inf@tion) were produced in non
temporal M = 5.9, SD = 3.6) than in futurdi(= 2.9, SD = 2.2) task#61)= - 5.8,p
<0.001n" ?=0.36.

A significant interaction between Group and Temp@@nnotationfF(1, 60) = 3.1p

< O.OS,BiQ = 0.5, indicates that PD patients produced fewgrnal details
compared to controls for future events (D= 7.0, SD = 4.1; control$vi = 11.8,
SD = 5.9)t(60) = - 3.6,p< 0.002, %= 0.18. In particular, the difference between
the two groups for future events was highly sigaifit for the subtype of internal
details regarded as “events” (PM,= 2.9, SD = 1.6; controlsVl = 4.8, SD = 2.4),
t(60) = -3.5p < 0.002,1" 2 = 0.17. The mean number of the subcategoriesterrial
details produced for past, future and non-tempevehts by PD patients and controls

are presented in Figure 8.2.
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mPD

mC

Figure 8.2 - Mean number of the subcategories (i,e.event, place, time,
perception and emotion) of internal details producd for past (P), future (F),
and non temporal (NT) events by PD patients (PD) ahcontrols (C). Error bars

indicate standard deviations.

The ANOVA conducted on external details showed améect of the Groupk(1,
60) = 6.3p< 0.0z,nﬁg = 0.9, indicating that PD patients generated aneased
number of external details as compared to contiidie. interaction between Group
and Temporal Connotation was also signific&{t,, 60) = 6.0p < 0.005,11&9 =
0.09, indicating that the group of PD produced nexternal details than controls for
past (PDM = 4.7, SD = 3.5; control$/l = 2.6, SD = 2.0)t(60) = 3.0,p < 0.005,,"
2=0.18, and for future (PO = 5.0, SD = 3.6; controld/ = 2.0, SD = 1.4) events,
t(60) = 4.3,p< 0.001n" ?=0.24.

We also ran an ANOVA including only past and futwseores. It showed a

significant Group x Past/Future interaction foremmal details £(60) = 3.73,p =
0.05). Post-hoc tests comparing the past and futoralition showed that PD
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patients performed significantly better on the gask (M = 11.08; SD = 4.86) than
on the future task (M = 7.04; SD = 4.18), t(31).2%p <0.001. On the other hand,
controls’ performances in the past condition (M3=61 SD = 5.32) and in the future
condition (M = 11.81; SD = 5.93) did not significgndiffer. The control and the PD

groups produced an equal number of repetitiond the@experimental conditions.

In order to further explore the performance of B2 group, a subgroup of seven
patients was selected, on the basis of humbertefnal details recounted in future
thinking. More specifically, these seven patienéady performed outwith the range
of controls in the future task (the lowest mearoregal in the control group was 3.5),
reporting a mean of internal details of 2.3 (SD.2)1Their performance on future
task M = 2.3, SD = 1.2) significantly diverged from thenaning 24 PD N = 8.4,
SD =3.7)1(29) =4.2p< 0.001,1" 2= 0.23.

Interestingly, the mean score achieved on the FAB tle subgroup of 7
dysexecutive PD patientd(= 12.5, SD = 1.9) was significantly lower compated
the rest of the groupM = 14.6, SD = 1.8)((29) = 2.6p < 0.02, n"? = 0.10.

There were no significant differences (@b 0.05) between the two subgroups when

compared on variables concerning age, educatioatido of disease, or the MMSE.

We further dichotomised the data according to tdgomance on FAB (other than,
as we have already done, according to the perfaenam the key experimental
variable), dividing the patients in two groups,de@resenting with FAB deficits vs.
those scoring above cut-off. The two groups, dysetee (D; n.13) and executive
(E; n.18) , did not differ on any of the experim@ntonditions. The group D scored
significantly worse than the controls solely i thuture condition, t(47) = - 2.8,

< 0.01. The same pattern was observed for groupé&frmance , t(42) = - 2.78,

< 0.01. The two groups (E and D) did not show sigaint differences on the past or
on the non-temporal task, when compared to controls

Furthermore, performance on the FAB does not caeelwith any of the

experimental variables.
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Finally, an example narrative from one control &nd example narratives from two

different patients are reported:

Imagine an event that might happen to you in the year with the word “table”.

Control's response‘We are sitting at a table with a group of peogdldave just

stopped cooking and in this moment I'm serving $gdiip One of my friends
appreciates the consistency of the pasta and keebim, because he has tasted
before everyone is sitting, he replies for fun “i2d@, you are always so fussy!”. We
are sitting, | uncork the bottle of wine and leav@xygenating before serving. A
friend of mine asks for white wine, and | have justorked red wine. Another friend
says that she doesn't like that type of tomato saslece would prefer another sauce
to dress the spaghetti. My mother enters the kiichefriend stands up to say hi,
another friend also turns towards my mother andurming her head, throws her
long hair on the face of the person sitting clasdaér. This person looks annoyed,
since he has got glasses, that were about toréat his face, but my friend turns

towards him and gently caresses his face, so thatightens up”

PO1’s responseéOKk... so a very simple episode. I'm in pizzeriagiat pizza with my

relatives and the table is not stable and all tisbe$ with the pizzas fall and we

laugh at the end. And we are all around the table”

P02'’s responsélf you say table.. | always think of a diningota. So the table in the

kitchen. We are waiting for the other daughter aayrbhack from the university. She
is late and so we are waiting for her to eat. Hinet has already been set, there is the
other daughter, my wife who'’s preparing, the wageboiling, the television is on...

my wife is cooking pasta”

8.4 Discussion

The main question from which this study originateds whether difficulties in

future thinking could be observed in the absendenphirments in episodic memory.
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Patients with Parkinson’s Disease (PD), who did present with memory deficits,
performed normally on past memories and non tenhgmastructive simulations,
whereas they were impaired on episodic future thopkThat is, the reduction in
specificity of PD patients’ simulations was limiteéd future events and did not
extend to fictitious scenarios. Furthermore, owsuhls showed that, compared to
controls, PD patients reported fewer internal, évelated details in their
simulations of future events, while they reportedrensemantic details both when
recollecting the past and imagining future episod€eneral differences in
conversational, narrative style cannot easily aotéar these results, as PD patients
and controls generated overall the same amountetdilsl considering the three
experimental tasks together (Past, Future, and Nomporal). In addition, the PD
patients performed within normal limits on the Pblagical Verbal Fluency task
(which evaluates the richness of lexical produdtidrhe patients’ emotional state
could in principle contribute to explain our finds The reduction in specificity of
patients’ simulations might suggest that they anagining less because of clinical
depression. However, one of the exclusion critéréd we adopted was the presence
of major depression according DSM-IV criteria (Amsan Psychiatric Association,
1994). Moreover, PD patients uttered less detailg im one of the three conditions.
This argues against the account that they mighe lggwnerally spoken (or imagined)

less because of clinical depression.

Taken together, these data emphasize strikingrdiftees not solely between time
periods (past and future), but also between coctstigy non-temporal experiences

and future thinking tasks.

Recently, the possibility of a dissociation betwegmrformances concerning past
memories and future thinking has gained ground.ir8cet al. (2010) reported on
five densely amnesic patients, who had a strikipggserved capacity to imagine the
future. In particular, patient G.P., who showecmarkable deficit in remembering
remote and recent episodes, was nonetheless filgtiat future envisaging (see
also Squire et al.,, 2011). Berryhill et al. (20H}3sessed patients with unilateral

prefrontal lesions, with spared autobiographicaimoey but who showed a moderate
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deficit on a constructed experience task. Our tesalealed that the seven patients,
who obtained the poorest scores on the future itgntask (generating less event-
specific details), achieved a significantly lowerean score on the Frontal
Assessment Battery compared to the rest of the lBDpg These seven PD patients
expressed their own incapability to take distamoenftheir memories in favour of
the imagination of completely novel scenarios, d8gely, when | try to imagine the
restaurant where my granddaughter is going to getied, the restaurant where my
daughter got married comes up into my mind”, saidaséient. And another one
complained, “Although | do try to imagine somethimgw, | end up with
remembering a past event. | can’t help it". Th@ar®d memories are paradoxically
considered by these patients as an obstacle teawerwhen they aim at performing
the future thinking task. The difficulty in reshlifig details from different memories
is translated by one of our patients with the fegthat some scenarios “stay still” in
mind, as they could not be fragmented into piecebd differently used. Such a
feeling reflects the default of mechanisms undegyia flexible search inside

memory repositoires. This essential role is indgegted by executive functions.

Therefore, the present study documents a dissocidietween spared episodic
memory and the impaired envisaging future episadesng the possibility of the

involvement of executive functions in generatingsegic future thinking (see also
Squire et al., 2010). The PD patients recruitedtifier current study were, indeed,
exempt from other cognitive deficits likely to digt their performances.

It might be argued that the data should be analysedrms of patients presenting
with FAB deficits vs. those scoring above cut-a#fther than, as we have done, to
dichotomise the data according to the performamcthe key experimental variable,
and then compare their cognitive profiles. But Wik that it is debatable which
dichotomy should come first, and different researsh have used different
approaches. In this particular case, the apprdzathwie have chosen is preferable as
the patients were recruited to be extremely mildhieir cognitive deficits. Indeed,
they had no memory problems, and performed wellhenverbal fluency task. We

were not aiming at investigating whether or noigrds with executive dysfunctions
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performed worse than those without executive dydfans. Rather we were
interested in investigating whether patients withouemory problems, or better
without overt memory problems, could still preseth future thinking deficits. And
if so, whether or not those who did differ in angywfrom those who did not. Hence,
the analyses based on the dichotomy that we repare more pertinent to address

the question from which the study sprang.

It was also observed a dissociation between pastleetions and future simulations.
This dissociation might be due to the greater rleacsivity that the ability of
simulating future events necessitates (Okuda e2@03; Addis et al., 2007). Okuda
et al. (2003) revealed that frontal lobes werevattid when normal participants
foresaw. In particular, specific frontal polar regs were more active when
participants thought and reported their future peass. In addition, the activity of
the right frontopolar cortex (BA 10) was found tosgively correlate with the
number of elements reported in future events (AddiSchacter, 2008). Recently,
Anderson et al. (in press) have suggested thatefuhinking might be considered
more effortful than past memory. Executive funciaimderlie both processes by
monitoring and combining the different details. Butereas past episodes require “a
search for a unique combination of information;contrast, a future event can be
formed from any combination of an infinite array ahformation within
autobiographical memory” (Anderson et al., in pregs 2). Future thinking is
supposed to place a greater demand on executieidns. And this would explain
why, in case of executive dysfunction, patientswsl@osevere impairment in future

imagining, albeit the spared ability to reconstrinetir past.

At this point, we should wonder why our patientapairment did not encroach upon
their constructions of non-temporal, fictitious sies. A possible interpretation of
the difference between the two tasks (non temparal future) might be the
involvement of self-related processes present enfthure thoughts but not in the
non-temporal constructions. A number of studiesshgtved light on the peculiar part
played in future tasks, but not in non-temporaksasy subjective time, which is

specifically involved in the ability to mentallyntie travel. A problem in processing
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conscious awareness of one’s own “continued exsterfSzpunar, 2011) in a
subjective time, also labelled “chronesthesia” y¢ind, 2002) or “temporal

consciousness” (Dalla Barba, 2002), could have laethe root of the difference
documented in our study, as this deficit could hiaterfered solely with the attempt
to projecting oneself towards the future. Howeveis would imply that PD patients
presented with clear disorientation in time whichswnot detected by the detailed
clinical interview nor did they confabulated or slenl time-based incongruences in

their reports.

An alternative account could capitalise on theedédht procedures that hallmark the
two tasks (future thinking and non-temporal coredtom). Addis et al. (2007)
observed that the aforementioned greater activasibbown during future tasks, was
evident solely during the initial phase of evemgmtion, the so-called construction
phase. Accordingly, in the non-temporal conditiainen a full-sentence descriptor
was provided, the construction phase might have bsslitated. Basically, the non-
temporal condition required the elaboration of adse scenario, instead of the
construction of a complex scenario. The part playgdhe task used when testing
non-temporal or future events is still debated. Meg & Hassabis (2011)
highlighted, for instance, the bias likely to beusad by using different cues to
prompt constructive experiences. They claimed thatsingle-word cues used by
Squire et al. (2010) would more easily elicit dg#twns of episodes based on
semantics, whereas the full-sentence descriptasptad by Hassabis et al. (2007)
would prompt richer visualization. Accordingly, veentrasted the different cuing
procedures in our experimental conditions: non-teralp (Hassabis-like) versus
temporal (Squire-like). We noticed a relevant défece in the performance of PD
patients on the two tasks; our patients failed ifipatly the temporal task based on
single word cueing, showing that at least in thestgents the single-word cuing was
not enough to compensate their future thinking aitsti Overall, the number of
“internal events”, which describe the core of thverg (people present in the scene,
their actions and reactions, happenings), was atgnvin future and non-temporal
tasks. The key difference concerned the “perceptuddrnal details, which was

greater in non-temporal than in future performanessassumed by Maguire and
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Hassabis (2011). Yet, PD patients found this tgsigmpted by short verbal

sentences, easier to accomplish. Of course, sheéetmporal connotation and the
type of cue differ, one would need to better diaegte their respective component.
Furthermore, patients with hippocampal damage (@asset al., 2007) and with

medial temporal lobe damage (Race et al., 2011¢ baen found to be impaired in
future thinking also using a full-sentence desoripNonetheless, it is possible that
an impairment at constructing scenarios might deatled with one type of cue but
not with a different cue. Patient H.C., for instapwas found to be impaired (Kwan
et al., 2010) and unimpaired (Hurley et al., 20l jwo independent studies that
used different methodologies. The discrepancy beatwhese findings led Hurley

and his colleagues to suggest that H.C.’s diffiegltn the former research could
have been influenced by the specific single worel @., coffee) adopted by Kwan
et al. (2010), that might have greatly constraittes patient, making the task more

challenging.

Our data do show that single-word cues elicit cle#ure thinking deficits in non-
amnesic PD patients, and that this specific defifurther exacerbated by the
presence of executive impairments. This findingsndbexclude the possibility that
people rely on their past to imagine their futuds@wever, we observed that, even
when past memories are spared and people can teadrtbeir past and elaborate a
complex scenario, they might still have serioufidifties in simulating their future.
Berryhill et al. (2010) maintained that performifugure thinking tasks necessitates a
widespread range of cognitive functions. Consedyetitey raised the possibility
that lesions to several brain areas might disruparé thinking performance for
different reasons. Our findings empirically demoat&d that this could indeed be the
case, hence future thinking performance benefasifthe orchestrated participation
of a large network, and future thinking deficits wat represent a specific feature of

amnesia.
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9. Executive dysfunction in Parkinson’s
disease does not impair descriptions of current

scenes

9.1 Introduction

In the previous chapter we aimed at investigatitgtver patients without memory
problems could still present with future thinkingfidits. And if so, whether or not
those who did present with future thinking defidiffer in any way from those who
did not. To this end, performance on past, futurmking and non temporal
construction tasks of thirty-one patients with Paskn’s disease (PD) and without
memory deficits, had been analysed. Our findinggaked that on the whole, PD
patients uttered fewer specific, event-related @t when imagining future
episodes compared to controls, while their perfortea did not diverge from those
of controls on past and non-temporal constructesks. We analysed further the
performance of those patients showing deficits uture imaging. We scored the
output of each patient in terms of mean numbemtdrnal, specific, event-related
details generated. The poorest scores on futukewase observed in a subgroup of
seven patients. Their future performances fellrtjdzelow the range of controls. An
investigation of the similarities and differencesvieeen this subgroup and the rest of
the PD group highlighted the following charactecist

* the subgroup did not differ from the rest of the Dup and controls
on any of the neuropsychological measures avaijlaivleluding
MMSE, long and short-term memory tests;

* but, they scored worse in the Frontal AssessmetieBa(FAB -

Dubois et al., 2000), compared to the rest of thegPoup.
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The difference in the FAB scores was the only owdifference between the two
subgroups, given that our patients were recruibeldet exempt from other cognitive
deficits likely to impair their performances. Thiene@, we suggested that the future
thinking deficit shown by this subgroup of patiewtsuld not be accounted for in
terms of memory problems. Indeed, even when pastaries were spared and they
were able to reconstruct their past and elaboratomplex scenario, they had

difficulties simulating personal future.

In the previous chapter we maintained that futdmi@king does not represent a
specific feature of amnesia and that factors othan memory contribute to the
ability of future thinking. Given the executive aefs exhibited by the subgroup with
the lowest scores on future thinking, we suggetitat a flexible searching activity
of past elements might play a crucial role to cartdtpersonal future experiences.
We concluded, in line with Berryhill et al. (201@hat future thinking benefits from
the contributions of a range of cognitive functioiifierefore, a deficit impinging
upon future imaging could conceal different roatet necessarily involving an

episodic memory impairment.

Recently Zeman et al. (submitted) studied a grdupewen patients suffering from

amnesia and presenting with severe difficultieshbiotremembering past episodes
and in imagining future events. Zeman et al.’s asimpatients scored significantly
worse than controls on measures of future thinkitihgys replicating previous

findings. However, they reported also a strikingpamment on tasks requiring the
patients to describe current experiences, both(kvg., a room in a museum or the
interior of a church) and through viewing illustoaits of famous paintings. The
authors explained their results positing a posséifect of amnesia on narrative

construction.

However, as the authors themselves acknowledgepdtients they recruited were
rather heterogeneous and were not completely imrfron@ non memory cognitive
deficits, including measures of executive functisash as verbal fluency which was

apparently below cut-off in some of the patientiserefore, this patient group might
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also present with impairments out with the domaimemory which might have

caused the problem of poor description of the mteas well as the deficit in future
thinking. Indeed, patients’ reports were impovezsimot only when concerning the
future, but also, and more interestingly, when eoning a current context. Thus, the
researchers concluded that a task, which requredescribe current experiences,
might represent an important control condition tudges that examine the relations

between amnesia and future thinking.

We used the same paradigm in the present studyp ¢loing, we further investigated
the utterances of those patients who had the ywerédbrmance in future thinking and
the lowest scores in the FAB. In this case, thecatkee dysfunction might have
caused a general impoverishment of descriptiokslylito compromise abilities over

and above the future thinking.

Zeman et al. instructed their participants (amrmessand healthy controls) to imagine
new experiences (following the approach reportetHagsabis et al., 2007) and, in a
second condition, to fully describe two detailedghpags (“The calling of Peter and
Andrew” by Ghirlandaio and “The banquet in the pioeest”, by Botticelli) and two
real-life settings (a room in a museum and therimtef a church), while they were
observing the paintings or while they were phys$jcaresent in the settings. In
Zeman et al.’s study the number of uttered elemeéidsnot significantly differ
between the two experimental settings. Thus, weseho provide our participants
solely with one of the two conditions. We requitbdm to describe the testing room

while physically present in it.

For this experiment we considered the performardbe 5 patients with the poor
performance on the future thinking task, who alsored below the cut-off (i.e.,

below 13.5) on FAB, 5 patients with no executivédits, but otherwise matched for
neuropsychological profile with the former grouppattients, and 5 healthy controls,

matched for age and education.
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9.2 Method

9.2.1 Participants

Two subgroups each of 5 patients (dysexecutiveeardutive, respectively) and one
subgroup of 5 healthy volunteers were selected ftloensample of patients with
Parkinson’s disease and from the sample of hegénicipants that were recruited

in the experiment described in the previous chapter

Executive (n.5) Dysexecutive (n.5) Controls (n.5)

Age 68(5.83) 65.4(8.64) 67.4(4.87)
Education 11.2(3.83) 9.4(4.92) 11(4.47)
FT scores 8.3(1.02) 2.35(1.18) 13.4(3.75)

FAB 14.98(0.75) 11.68(1.65) -

Rey’s 15 word 38.94(5.84) 36.36(5.62) -

Immediate Recall

Rey’s 15 word 8.32(1.64) 8.54(1.11) -
Differite Recall

Table 9.1 — Means (standard deviations) of the theesubgroups (executive PD
patients, dysexecutive PD patients and controls) @ge and education, and mean
score (standard deviations) on the future thinkingask (FT scores) (see Chapter
8), on the Frontal Assessment Battery (FAB), and oommediate (Rey’s 15 word

Immediate Recall) and delayed recall (Rey’s 15 worDifferite Recall) test.

The characteristics of these three groups ardriditesd in Table 9.1.

Separate One-Way ANOVAs were conducted for agecagthn and future thinking
scores achieved by the three subgroups.

The three subgroups did not significantly diffdt &> 0.05) on age and education.
The scored obtained on the future thinking taske (€&hapter 8) were instead
significantly different across the subgroup§2, 12F 27.72,p < 0.001. Post-hoc t-
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tests revealed significant differences in the maamber of internal details produced

by:

« the subgroup of Dysexecutive vs. the subgroup @fchtive,t(8) = 8.52,p <
0.001;

« the subgroup of Executive vs. Contrd(8) = -2.92,p = 0.019;

e and by the subgroup of Dysexecutive vs. Conti@s= -6.27,p < 0.001.

Furthermore, the scores obtained on the FAB bysthmroup of Executive and the

subgroup of Dysexecutive significantly differé(8) = 4.06,p < 0.005.

No differences were observed between the perforesamd the two subgroups
(Executive and Dysexecutive) on the immediate aelkhyedd recall tests (afls >
0.05).

The participants with PD were recruited for beirigttee very early stages of the
disease. According to Hohen and Yahr' s classifioa{1967), patients were to be
maximum at the second stage of the Parkinson’saskéseThus, within the Executive
subgroup, 2 at stage 1.5 and 3 at stage 2. Witl@rdysexecutive group, 2 patients
were at stage 1; 1 at stage 1.5 and 2 at stagbeétr magnetic resonance imaging

had to be normal.

Patients were selected from a larger panel at #nkirtson and Movement Disorder
Centre, Department of Neurological Sciences (Feddlti University, Naples). The
diagnosis of PD fulfilled the UK Parkinson’s diseaSociety Brain Bank clinical
diagnostic criteria (Gibb & Lees, 1988). All patisrwere under anti-parkinsonian
treatment at a stable and optimized daily dosagmgiuhe 4 weeks prior to study
entry. Exclusion criteria were: (1) dementia acaogdo clinical diagnostic criteria
for dementia associated with PD (Emre et al., 20(@J)major depression according
DSM-IV criteria for current major depression (Anwmn Psychiatric Association,

1994); (3) clinically significant or unstable mealiccondition including serious
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cardiovascular or cerebrovascular disease; andariiycholinergic or neuroleptic

treatment.

Specific tests were selected from the Mental Detation Battery (MDB; Carlesimo
et al., 1996) in order to recruit only people w{g) no deficit in immediate and
delayed recall test (Rey’s 15 word Immediate Reaall Delayed Recall; scores,
respectively, above 28.53 and 4.69); (b) sparedicdbgreasoning (Raven’s
Progressive Matrices’47; scores above 18.96); anp  fluent language
(Phonological Verbal Fluency; scores above 17.3Bdreover, the participants
should have a score of at least 30, i.e., aboveftubn the Attentional Matrices,
which assesses attention by means of timed vigaatk (Della Sala et al., 1992).

The healthy individuals were volunteer members iffeent, non-academic, local
associations. We did not recruit people under psgctive pharmacological
treatment likely to modify normal memory abilities people with a history of

neurological and psychiatric disorders.

Before starting the testing session, they were dagkesign an informed written
consent. The study procedures were approved byotta ethical committee and

were carried out in accordance with the DeclaratibHelsinki.

9.2.2 Materials and experimental procedures

Participants, who sat in front of the experimenteere required to describe the
testing room, which was maintained unchanged thHroug the duration of the

experiment.

With this task, which we named “Description Taskiie aimed at assessing
participants’ ability to describe a current expece in a real-life context, while they
were staying in it. Participants were given no tihmeit and were encouraged to

provide a fully detailed description of the settifidhey were asked to describe the
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room until they thought that nothing else couldaeed. Descriptions were digitally
recorded to enable later transcriptions and core#quscorings. After the

transcriptions, a trained rater segmented the ghgers in single details. Following

Zeman et al.’s procedure, a general descriptionresagas assigned to each
description, hence to each participant, on the dadehe sum of the number of
elements present in each report. Repetitions aredevant utterances were not
included in the sum. Furthermore, each segmentasagned to one of the four
categories adopted by Hassabis et al. (2007): lijyHAresence, i.e., people and
objects present in the scene; 2) Sensory Desariptie., the qualifier adjectives

mentioned to describe the characteristics of peapteobjects; 3) Spatial Reference,
l.e., the descriptions of the spatial relationshipstween the entities; 4)

Thought/Emotion/Action.

9.3 Results

In the Description Task, the mean number of elempraduced did not significantly
differ between the three subgroups> 0.05). The Executive subgroup generated a
mean of 10.4 details (SD = 5.2); the Dysexecutivagsoup produced a mean of 7.4
elements (SD = 3.2) and the Control subgroup predwicmean of 15 details (SD =
5.7) (see Figure 9.1).
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Fig. 9.1 - Mean number of details per description pduced by the three
subgroups (Executive, Dysexecutive and Controls). rior bars indicate

standard deviations.

Figure 9.2 shows the number of details assignetth@adifferent categories (entity
presence, sensory description, spatial referencd #ought/emotion/action).

Repetitions and irrelevant utterances were notited.

Separate One-Way ANOVAs were carried out for eathgory.

The mean number of entity presences (Executive: 365SD = 4.5; Dysexecutive:
M =4.4; SD = 2.5; Controls: M = 5.2; SD = 2.7) guzed did not differ between the
three subgroup( 0.05).

The mean number of sensory descriptions (ExecutMe= 2.8; SD = 1.6;

Dysexecutive: M = 1.4; SD = 1.1; Controls: M = @ S$ 2.5) generated was found
to be significantly different across the subgrodf&, 12) = 7.94p < 0.05. Post-hoc
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t-tests revealed a significant difference only hlesw the number of sensory
descriptions uttered by the Dysexecutive grouptaatigenerated by Controt$g) =
-3.68,p < 0.01.

The mean number of spatial references (Executive:=M0.4; SD = 0.54;
Dysexecutive: M = 0.20; SD = 0.44; Controls: M 22;2SD = 3.4) did not
significantly differ between the three subgroups (0.05).

Finally, the mean number of thoughts/emotions/asti(Executive: M = 1.6; SD =
1.5; Dysexecutive: M = 1.4; SD = 1.5; Controls: M1:6; SD = 2.0) did not
significantly differ ¢ > 0.05).

12
10
g |
Executive
6
W Dysexecutive
W Controls
4 _
2 1 |
O _
EP SD SR TEA

Fig. 9.2 - Mean number of the details produced byhe three subgroups
(Executive, Dysexecutive and Controls) per each agory (Entity Presence, EP;
Sensory Description, SD; Spatial Reference, SR; Thght/Emotion/Action,

TEA). Error bars represent standard deviations.
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Three examples of descriptions of the testing roong produced by an Executive
patient (EPO1), one by a Dysexecutive patient (DR®H one by a Control (C0O1),

are reported:

Could you please describe this room in as muchildeda possible?

EPO1’s descriptiontlt's a pretty much big room. There are a lot aiks. It's airy

and, then, there is a very nice view. | mean them lot of green and it makes me

happy”.

DPO01’s description “This room is a library, where you can make stadmn

something. Thus, there are a lot of books. We ittiagsat a rectangular table, where
usually, | suppose, doctors and other people siigib and to be visited. There are

chairs”.

CO01’s description“This is a library. In that point there is a d@igprojector, where

you can project videos. Maybe they give lecturag h€here is a desk; then we have
a copying machine. That is a wheelchair. Thereustglly a lot of doctors. And

there is a rectangular table”.

9.4 Discussion

In the previous chapter, we raised the possihitiat damage to structures other than
hippocampus, not leading to overt memory problamght nevertheless contribute
to future thinking impairments. A recent study (Zemet al., submitted) noted that
the same patients who are impaired in future thmigkinay also show deficits in
describing current experiences. However, thesarfgsdcould be taken to task by
supposing that deficits other than memory werearsible for the poor performance

on the “current” condition.

We aimed at investigating the possibility that desmitive patients with future

thinking deficits might also show impairments (tela to controls) in describing
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current scenes. This was, in fact, not the cagepatients with executive deficit.
Our findings revealed that the total elements pceduby the three subgroups
assessed (i.e., executive, dysexecutive and ceptvadhen describing the testing
room, did not statistically differ. Therefore, omeo hand, we can rule out the
hypothesis that a general impoverishment of veobgbut might have compromised
the ability of future imaging in our patients. Qretother we land support to Zeman
et al.’s observation that their own amnestic pasiemight have had a genuine
problem in describing current experiences, not tluea masked dysexecutive
problem. However, it has to be considered thagmithe low number of participants
per group in this experiment, the power of the ysed might be low and these
results might be better considered as trends.

Recently, Gaesser et al. (2011) have showed hoer @dults are less prone than
younger adults to generate internal details acdifésrent conditions, comprising

past, future and description tasks. However, thyes ariable was irrelevant in our
studies (the study described in Chapter 8 and tiheysdescribed in the present
Chapter), given that, in both cases, the groups weatched for age, other than

education.

We suggest that the unique significant differenbseoved in the number of details
classified as sensory description does not suffiGecount for a general reduction in
specificity of dysexecutive patients. Given that thverall amount of details did not
statistically differ between executive and dysexieu patients, and between
dysexecutive patients and controls, it might begssted that the lack of sensory
details is somehow balanced in the reports by dipes of internal details. Indeed,
in line with Zeman et al.’s procedure, we did nutlided repetitions and irrelevant
utterances within the sum of the details produced.

Our PD patients performed as well as controls wieemembering the past and when
constructing new experiences (Hassabis et al.’soagph — see Chapter 8). Thus, a
general verbal impoverishment account is unlikddowever, we identified a

possible bias caused by the type of cue (MaguideHassabis, 2011). We used two
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different cues, namely a short description of &rsgto elicit the scene construction
and a single-word cue representing an object tonptduture episodes. As we had
previously observed in a study with healthy paptcits (see Chapter 4), a setting-
cue is more likely to elicit more detailed desaaps than an object-cue. Therefore, a
more generic cue (the object-cue), which loadsah btrategic searching and event
construction, might make the task more challengamgl lead to less detailed
descriptions. Furthermore, the hypothesis cannoéxXmuded that in remembering
the past and in constructing new experiences [aatits had provided frequently
retold and retrieved stories (although they wesedaliraged to do so), which had
become anecdotal, and “semanticized” to some exidr@se two tasks might have
not shown any impoverishment simply because patienight have retrieved

episodes already well constructed.

The description procedure proposed by Zeman eapgdears face value to be less
challenging than a future thinking task. Zemanlesaggested, with respect to their
patients, that the process of describing curremteegnce is likely to engage a
widespread range of functions involving perceptatientional, executive, linguistic
and mnestic abilities. However, the executive dysfion of our patients did not

disrupt their overall descriptions of the real-lsetting.

Similar results were observed by Race et al. (201 Ejght amnesic patients with a
medial temporal lobe damage. In their study paodicts were presented with
drawings of common-place scenarios and were regdjueconstruct stories about
what was happening into the scenes. In this pdaticzondition patients showed no
deficits, whereas they were impaired in remembethg past and imagining the
future. The authors suggested that a medial terhpmya damage might not affect
the narrative construction when the to-be-descrddechents are “readily available”
in a picture (as it happened in our descriptioR)tas in a drawing (as in their study).
This explanation might apply to the descriptionktdlsat we used. Our patients
resulted unimpaired in narrative construction. Nbakess, they showed a clear

deficit in future thinking.
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The impairment in future thinking, which we obsetvia PD patients, might have
been caused by a difficulty in binding known detailto a whole story, as observed
by Rosenbaum et al. (2009). Rosenbaum et al. eghbdhiat amnesic patient K.C.
failed not only in imagining the future, but also riecounting well learned stories
from the Bible and fairy tales. Our PD patientshwéin impairment in executive
functions might exhibit difficulties in flexible seching details from memory and in
binding them in a coherent whole. However, sinceytldid not have memory
deficits, they should not have had any problem®ineving blocks of details and in
reporting them, as they were able to see somethimd) fully describe it. The
difficulties might have arisen when they had tchtée and recombine details from
different memories. It is possible that the taskldde easily accomplished, when
the amount of details is available, physicallyromemory, and when participants do

not have to break down each single snippet in dadase it for another proposition.

In conclusion, we benefited from the task adoptgdZbman et al. It helped us to
isolate some hypotheses in order to interpret tzdlable data more appropriately.
We would posit that non-episodic deficits also pdasole in eliciting future thinking
impairments. In particular, an executive dysfunctionight disrupt foresight.
However, in the present study this deficit did mietvastate the description of a
current real-life setting. Therefore, it might ungefuture thinking tasks, but not by
determining a general impoverishment of verbal repoA dysexecutive problem
might have more plausibly disrupted the flexiblearsbing through different
memories, hence the subsequent binding of the wareements into a coherent

narrative.
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10. Role of the cue in detecting
impairments at future thinking: two cases of

amnesia

10.1 Introduction

‘| barely know where | am. | don't picture myseif the future. | don’'t know what
I'll do when | get home. You need a base to buile future’. In these words M.C., a
27 year-old woman with a selective deficit in episomemory, expressed her
persistent difficulties in future thinking (Andelmat al., 2010, p. 431).

M.C. is the most recent of several published cas@esnnesic patients whose ability
in future thinking has been experimentally tes#sithough the question of whether
or not envisaging future events depends on episogimory has been formally
addressed by a number of neuropsychological repitrestheoretical interpretation

of the findings is still controversial.

There is a long-standing debate as to whether rdreeng past experience and
imagining events in the future are inextricablientwined. Furthermore, numerous
hypotheses accounting for this postulated link haveen proposed. The
heterogeneity of the results coming from différstadies and sometimes within the
paradigm (Hassabis et al.,, 2007; Zeman et al., gtdath makes the conclusions
problematic and uncertain. Such heterogeneity npghtially be due to the fact that
the amnesic patients themselves present with diifepatterns of spared and
impaired abilities and they can hardly be compasgtth one another (as Tulving

noticed in 1985). This is due in part to the scamibrmation about the lesion sites
provided in several of the reported cases (e.d,,Qidz, 1942; D.B., Klein et al.,

2002), or to the widespread extension of the lesiorother cases (e.g., K.C.,

Tulving, 1985; and Hassabis et al.’s patients, 200Gt also to the differences in the
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experimental procedures (i.e., types of cue, nurmabprompts presented to elicit the

reports) adopted in the various studies.

Future remains misty, blurred and fragmented f@&.Q@Lidz, 1942), K.C. (Tulving,
1985), H.M. (Corkin, personal communication, 0112§/ GA (Dalla Barba et al.,
1997), D.B. (Klein et al., 2002), the group of pats, except for P01, tested by
Hassabis and colleagues (2007), H.C. (when testeéwan et al., 2010; different
findings were observed by Hurley et al., 2011), M(/&nhdelman et al., 2010), eight
hippocampal amnesiacs (Kurczek et al., 2010), eagimesiacs with lesions in the
medial temporal lobe (Race et al., 2011), and §ithe seven patients (patient P2
performed as well as controls) tested by Zemanl.efsabmitted). None of these
patients could rely on their past. Their perfornermmn tasks assessing episodic

memories paralleled those exhibited in future tasks

In particular, O.S. could not make future simulasiowithout asking others for
suggestions and his reports consistently lackemporal continuity (Lidz, 1942).
K.C. failed to hold up images of his future, whimtnsequently faded away and left
his mind blank in the attempt to answer the quastié/hat will you be doing
tomorrow?” (Tulving, 1985). A similar state mustvieabeen experienced by H.M.,
who wittily circumvented Corkin’s question concergi his plans for the future
(“What are you going to do tomorrow?”) promptly pesding, “Whatever is
beneficial” (Corkin, personal communication, 0128/ GA exhibited a striking
discrepancy between her present situation and Mhedigtions, which were
considered unquestionably implausible by the netsti and, consequently, by the
experimenters. She showed this impairment in tvtemrdint tasks. More precisely,
the 60% of her responses were confabulatory totquessconcerning her “lived
future” (i.e., “What are you going to do in a fewnutes/tomorrow/next year?”); and
she confabulated 50% of the times when the futorestructions were elicited by a
single cue-word (Dalla Barba et al., 1997). Futteased to exist also for D.B.. No
less than 50% of his answers regarding his “livature” were considered in
contradiction with his plausible future activitiemd the 30% were “don’t know”
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responses (Klein et al., 2002). Deficits in futtmaking were observed also when a

neutral single cue-word was provided (Kurczek gt2110).

Some patients were found to be impaired at imagifuture events, also when they
were to adhere to the instruction to depict a comyplace scenario, starting from a
short description (i.elmagine you are lying on a white sandy beach ireautiful
tropical bay Hassabis et al., 2007, Zeman et al., submittetinagine catching your
grandchild getting into trouble twenty years frommw) Race et al., 2011), when
required togenerate as much detail as possible, when repgateathpted to provide
a greater amount of snippets (Hassabis et al.,)20@d¥n generally encouraged to
continue until they had concluded their reportsnida et al., submitted), and when
they were given a specific, standardized probeingsior further elaboration (Race
et al.,, 2011). A mirror pattern in the two tempodalections was reported also by
H.C., a 20 years-old woman with developmental amaneshich hampered her
recollection of personal past experiences. Sheswagarly impaired at constructing

future personal events, when elicited by singlewasds (Kwan et al., 2010).

These studies presented the intriguing possibilitg tight relationship between the
ability to remember past episodes and the abibtyimagine future events. The
impairments in future thinking were associated e impairments of episodic
memory. Patients unable to remember the past ppdwadgue responses about their
personal future and who was prone to generate bolatons pertaining his/her past
also confabulated about his/her future (GA and P.Bn exception is the case of
M.C. Whereas her episodic memory deficit affectedraumscribed period of time
(i.e., the last two years of her life), her futuhenking was compromised for an
undefined temporal period. What these findings mightail, as the authors
suggested, is that the link between the two presessay not be as strict as it was
thought.

Another caveat to the hypothesis that the two tielated functions might be closely

interconnected is that a number of amnesiacs shesepred ability to perform

constructive tasks.
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Hassabis et al. (2007) reported on one patient )(POith a significant loss of
hippocampal volume (48.8% reduction in the leftgopampus and 46.2% reduction
in the right hippocampus), whose performance nahbbediverged from the rest of
the group. P01, in fact, presented with no defigitthe construction of novel
fictitious scenarios. The researchers postulated aasociation between such
surprisingly preserved ability and a residual higgrapal function. This hypothesis
was corroborated by a separate fMRI study showingjgaificant activation in
residual right hippocampal tissue, while POl endodew semantic information.
Thus, it was speculated that the residual hippoehtgsue might be sufficient also
to support a successful performance on the consirutask. With the aim of further
disambiguating this uncertain interpretation offsam atypical case, Squire et al.
(2010) tested five amnesic patients. At odds witkvipus reports, these patients’
performances (at the future task prompted by singied cues) fell within, or even
above, the control range. Thus, it has been suggdiébat a selective hippocampal
damage that preserves the rest of the past-fuareereetwork (Schacter et al., 2007)
does not necessarily compromise future thinkingnil@rly, an episodic memory
deficit which spares all the other cognitive funo8 might not affect future
imagining. The cases of Jon (Maguire et al., 20PQ@){Zeman et al., submitted) and
a group of twenty-one children (Cooper et al., 201dsted with the task developed
by Hassabis et al. (2007), further strengthenesl tléw. Jon, who suffered from a
developmental amnesia and from 50% bilateral hippgmal volume loss, performed
as well as control participants at future imagim®, suffering from a severe
anterograde amnesia, could nevertheless imaginailetkt future experiences.
Similarly, the children, despite a bilateral hippogpal damage, consequent to

neonatal hypoxia/ischaemia, were able to constroeel scenarios.

In light of these findings, it seems doubtful tlat episodic memory impairment
might, in its own right, cause a deficit at futuneaging. And this betrays a weaker
and more arguable link between the two time-relgtencesses. Squire et al.’s
patients (2010) provided supportive evidence toat P01, P2 and the 21 children
are not atypical and isolated cases, and thatdutnagining might be spared in cases

of hippocampal amnesia. Thus, at odds with whavipos independent reports
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stated, amnesia does not always cause parallelrmmgrats in future thinking. Ought
this be the case, there must be factors that pmegatients’ performances on future

tasks, even in case of a severe memory impairment.

The contradictory findings emerging in the diffearestudies have led to discussion
about the nature of these factors. Maguire and aes$2011) identified as one of
these factors a possible “semantic bias” origindteth the different typologies of
cues adopted. According to this view, Squire el gbarticipants were wholly
successful at future imagining, because they did mentally picture vivid and
articulate events, but rather described eventsibet more semantic in nature. And,
indeed, semantic memory is preserved in a confelxippocampal damage. Maguire
and Hassabis (2011) postulated that such a bialsthaye been encouraged by the
use of a single word cue, rather than the fullesece descriptor adopted by Hassabis
et al. (2007), which is more likely to cause detilisualizations. In line with such
observation, Hurley and his colleagues (2011) tesigain patient H.C., already
assessed with future imaging tasks by Kwan et 201@), with a different
methodological procedure. The two testing protod#dsvan et al., 2010 versus
Hurley et al., 2011) diverged on many features. Kvea al. (2010) adopted four
trials (for each of them H.C. had to construct events) using single word cues and
capped each H.C.’s description at 5 minutes. Orother hand, Hurley et al, (2011)
used ten trials (seven with a sentence descripi@iaad three with non-specific cue),
gave H.C. free rein in producing whichever addiiosnippets came to mind, with
no time limit, and used a probing protocol to emege further elaborations the
reports (i.e., they required the patient to betescribe the ideas, the objects, or the
people she had already mentioned). Hurley et @lL1R did not find any significant
difference in future imaging between H.C. and oalstreven adopting two different
scoring procedures (respectively the scoring prosdproposed by Hassabis et al.,
2007 and by Kwan et al., 2010).

In light of these controversial findings, we aimegdascertaining the contribution of

two different types of cue in eliciting more or dedetailed reports in two cases of

patients with amnesia. The main question was wiigh encourages a richer

165



visualization avoiding semantic biases, so thatulkh $entence descriptor cue
(Hassabis-like) might detect a deficit at futureagimg and a single word cue
(Squire-like) might not. Therefore, we compared asin patients’ performances at

future imaging elicited by Hassabis-like and Scfike cues.

10.2 Method

10.2.1 Participants

Two memory-impaired patients participated, M.D &&.. They were selected from
a larger panel at the IDC (Institute of Diagnosisd alTreatment) Hermitage

(Capodimonte, Naples).

M.D. was a 68 years-old right handed man with 1aryeducation. He worked as a

lawyer and had no history of psychiatric or neugataliseases.

On August 1%, 2002 he was admitted to the Intensive Coroname Chnit because
of a cardiac arrest. Subsequently, the physiciatected a ventricular fibrillation
and made a diagnosis of Brugada syndrome, whichtrgased with a implantable
cardioverter-defibrillator. Consequently, he depeld a severe amnesia, which
spared his short term memory. In particular, M.Caswested on two long-term
verbal memory tests. He scored 1.1 on a storylresd Novelli et al., 1986 (cut-off
8) and 4 on a Paired-Associated Learning (Novellale 1986; cut-off 6).A PET

study showed an extensive hypometabolism in fréetaporal areas.
G.C. was a 42 years-old right handed man with 8rsyealucation. He was
unemployed, married with a daughter, and had ndoryisof psychiatric or

neurological diseases.

On May 18", 2008 he suffered from a pulmonary embolism, taatsed, after a few

days, a coma. Subsequently, he presented a vesyesamnesia. He scored 0 on the

166



Story Recall and 0 on the Paired-Associated Legrn@hort term memory was
totally preserved. A PET study showed an overaightly reduced -cortical
distribution, that was more evident in the tempaonakial regions, in the dorsolateral
frontal and superior parietal areas and in the oipgart of the right and left

thalamus.

Five healthy volunteers served as controls fortthe patients. Controls averaged
57.2 (+8.78) of age and 11.8 @-53) of education.

The healthy individuals were members of differgin-academic, local associations.
We did not recruit people under psychoactive phaoiogical treatment likely to
modify normal memory abilities or people with athry of neurological and
psychiatric disorders. No honorarium was offeregddicipants. Before starting the
testing session, they were asked to sign an infdrmetten consent. The study
procedures were approved by the local ethical cdteeniand were carried out in

accordance with the Declaration of Helsinki.

10.2.2 Materials and experimental procedure

The assessment was conducted in one session. Alicipants were tested
individually following the same procedures; theyat an front of the same
experimenter in a peaceful testing environmenttiépants were explicitly told that
they would be asked to mentally pre-experience ®haographical episodes in
response to different cues (4 randomly presented wards and 4 short verbal
descriptors). The cues were displayed, one at @, tm a computer screen and were
visible on the computer until the participant coetptl each description. There was
no time limit. Participants described the eveniluhey considered that nothing else
might be added. No prompts were provided by theeemgenter to the participants
when they stopped talking. The reports were digitaécorded to allow later

transcriptions.
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The performance of the two patients are reportpdrs¢ely, as two single cases.

Squire-like task. The words presented as cues were previously sdléam Italian
norms (Burani et al., 2001) and matched for familjafrequency, imageability, and
concreteness. The experimenter required partigpamtimagine the events in as
much detail as possible. Participants were alsoucted to generate temporally and
contextually specific events and to create noveh and feasible future episodes,
given their current plans. This procedure follovtedse of D’Argembeau and van
der Linden (2004) and of Addis et al. (2008).

Hassabis-like task.The short verbal descriptors depicted an assottofestommon-
place scenarios (e.d:lmagine you are standing in a open field by thenks of
river” or “Imagine you are standing on the deck of a shipvieg port on a
voyage”’). The short descriptions were randomly assignedsacthe participants.
Once again, participants were required to createelnaontextually specific and
plausible scenarios, which had never occurred befand to describe them in as
many details as possible. The procedure and the whidal cues were adapted from

the paradigm formulated by Hassabis et al. (2007).

The experimenter scored the transcriptions, follmvihe procedure devised by
Levine et al. (2002). Thus, he had to segment thelevtranscriptions into different
snippets, to be further categorized as (a) intedegdils (i.e., episodic information
pertaining to the main event, specific to time gidce) and (b) external details

(general knowledge related to the event).

Subsequently, internal details were distinguishatb:i (a) event (happenings,
individuals present, physical/emotional actions aadctions, weather), (b) place
(information about the environment where the eveoturred), (c) time (date,
season, month, day of the week, time of day), @teptual (sensory information,
body position) and (e) emotion (emotional stateutihts). And external details were
classified as: (a) external event (specific detadsn other incidents, from all of the

above categories, external to the main event)sé@mantic (general knowledge or
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facts, ongoing events, extended states of beinjyepetition (unsolicited repetition

of details), and (d) other (metacognitive statemseaditorializing).

10.3 Results

Case report 1: M.D.

We considered the means of the total number ofriatadetails as scores on future

tasks.

Aiming at comparing M.D.’'s scores with the contsdmple on the two tasks
(Squire-like vs. Hassabis-like), we adopted twdistiaal programs developed by
John Crawford and his colleagues at the UniversityAberdeen (Crawford et al.,
2010).

First, we used the program Singlims_ES,exe upgraded version of the program

singlims.exe, which assesses whether an indivighaient’'s performance falls
significantly below the range of the controls ,iresttes the extent to which the
patient's performance is abnormal (postulating t®portion of the control
population whose performance would be worse thahabhieved by the case under
study) and provides the confidence limits aroundhsproportion (the test was
developed by Crawford and Howell, 1998; Crawford Garthwaite, 2002; and
Crawford et al., 2010).

On the Squire-like test, the difference between Ré.Bcore (5.5) and the control
sample (M = 13.1, SD = 1.79) was highly significant -3.86,p < 0.01. The effect
size for the difference between the case and tidrale was -4.246 (-7.200 to -
1.312) and 0.89% was the estimated percentagerofai@opulation falling below
case's score. Using the same program, we also cecthpd.D.’s performance
(scored 4) with that of the control sample (M = 88 = 3.9) on the Hassabis-like
test (t = -2.57p < 0.05). In this case, the effect size for theal#hce between the
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case and the controls was -2.821 (-4.875 to -0.248) 3.08% was the estimated

percentage of normal population falling below Mdstore (see Figure 10.1).

Moreover, with the aim of analysing the differetedween M.D.’s performances on
the two tasks, we used the upgraded version oRthesed Standardized Difference
Test (RSDT ES.exe) (Crawford & Garthwaite, 2005rtlasaite & Crawford, 2004,

and Crawford et al., 2010), that allows a comparisba single-case difference with
the difference observed in the controls. The tegealed no statistically significant
difference in M.D.’s scores on the Hassabis-likel &quire-like tasks. A t-test

showed no differences also between the normativplegs performances on the two

tasks.
20
15
10 B M.D.
H Controls
5
O _
Hassabis-like cue Squire-like cue

Figure 10.1 - M.D.’s scores compared with the meaof controls’ scores on the
two tasks (Hassabis-like and Squire-like). Error bas indicate standard

deviations.

We also compared, using the Singlims_ES jsagram, the total number of details

(internal and external) of M.D.’s and the contrdle differences were significant
both in the Hassabis-like task (M.D.: 4.25; Corgréfl = 19.35, SD =4.8,t =-2.87,
p < 0.05), and in the Squire-like task (M.D.: 5. 75n@ols: M = 16.15, SD = 2.05, t
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= -4.63,p < 0.005). M.D.’s total amount of details on the twasks was not
significantly different from that of controls.

Case report 2: G.C.

We adopted the same procedure to analyse G.Cfarpemnce.

The program_Singlims_ES.exevealed an highly significant difference between

G.C.’s scores and those of the control sample erStdjuire-like task, t = -3.74,<
0.01, with an effect size for the difference betwe&e.C. (who scored 5.75) and
controls (M = 13.1, SD = 1.79) of -4,106 (-6,970 t©258) and an estimated
percentage of normal population falling below GeGcore of 0.99%. The difference
between G.C.’s score (6.5) and controls’ scores=(M, SD = 3.9) on the Hassabis-
like task was t = -1.9 = 0.05, with an effect size for the difference betw the case
and controls of -2.179 (-3.850 to -0.464) and atmeded percentage of normal

population falling below case's score of 5.87% (Sgere 10.2).

Moreover, the RSDT ED.exe program revealed no wffees in G.C.’s scores on
the two tasks.

We also compared, using the Singlims_ES jesagram, the total number of details

(internal and external) of G.C.’s and his contrdlke differences were significant
both in Hassabis-like task (G.C.: 7.25; Controls=M9.35, SD = 4.8, t = -2.%,<
0.05), and in Squire-like task (G.C.: 11; Contrdls= 16.15, SD = 2.05, t = -2.28,
< 0.05). G.C.’s total amount of details on the tasks was not significant different

from that of controls.
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Figure 10.2 - G.C.’s scores compared with the meaof controls’ scores on the
two tasks (Hassabis-like and Squire-like). Error bas indicate standard

deviations.

Spatial Coherence Index. We also assessed the spatial coherence index éadapt
from Hassabis et al., 2007), that is “a measur¢hefcontiguousness and spatial
integrity of the imagined scene” (Hassabis et2007, p. 1728). After each report,
participants were required to rate on a 7-pointesti@e spatial clarity of the scene
(i.e., how clear and integrated the place imagiagdcenario of their descriptions
was in their mind, and how distinct the objectgaagement and the individuals’

spatial disposition were). Once again we used ttegram Singlims_ES.exeo

analyse the differences between each patient acotfiirols at the two task.

Squire-like task. We observed that M.D.’s feedback (3.75) signiftbanliffered
from controls feedback (M = 5.9, SD = 0.4), t =9%4p < 0.01. Similarly, the
difference between controls’ rating and G.C.’smautf2.8) was significant (t = -7.07,
p < 0.005).
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Hassabis-like task. M.D.’s self-evaluation (2.5) was significantly lew if
compared with controls (M = 5.7, SD = 0.4), t =3; < 0.002. Likewise, G.C.
estimated the spatial coherence of his scenari@ (®orer, in comparison with
controls, t =-4.33p < 0.02.

We used also RSDT ES.exe to analyse the differehtiee single patients’ ratings
on the two tasks and they did not significantlyfetifrom the difference observed in

the control sample.

10.4 Discussion

In the previous two chapters we have discussegabsible components, other than
memory, that might play a part in the constructdriuture scenarios. However, in
the present chapter, we focussed our attention speaific variable which may

influence performance on the future thinking teistés, the role of the cue. In Chapter
4, we have already addressed this issue in heattlyteers. However, we were still
interested in assessing the role of the cue indyswith patients.

The fundamental question from which this researtdmmed was whether an
impairment at imaging future thinking could be d&tel with a type of cue but not
with another one. The effects of cues have onlgntg been addressed in studies
with patients (Hurley et al., 2011). The extentaich a cue can influence patients’
performance is still a matter of debate. Therefove, investigated the difference
between the most widely used cues in the literatoreerning future thinking, i.e.,
the single word cue and the short description diMe decided to take into
consideration solely these two structured questizes, which elicit future thinking
constructions as they have been recently discuss#tk literature (Squire, 2011,
Meguire & Hassabis, 2011). Indeed, as Squire et(2011) have noticed, the
informal questionnaire used in the earliest studwestigating future thinking in
patients are less accurate and precise at evidgriairfailure to construct well-

formed autobiographical narratives” (Squire et2011).
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Our patients, presenting with dense amnesia, ewndifferent lesion locations and
aetiologies, exhibited a parallel impairment atufatimagining on different tasks,
reporting fewer event-related details than the rmdrgample. Moreover, the scores
obtained on the two future tasks did not signifibadiffer in either of our patients.

M.D. and G.C. differed from controls also in théataamount of the details (external
and internal) they produced on each task. Oncenatia difference between the two
tasks was not significant in either of the patiekiswever, it has to be taken into
account that these two patients were only testednemory tasks. Therefore, we
cannot exclude the involvement of multiple domaisher than memory. In

particular, we cannot rule out the possibility of executive dysfunction, which

could have affected the performances of thesergatie

Thus, patients’ reports were definitely poorer thlamse generated by controls. And
this deficit was detected, to the same extent artieasame manner, by two tasks
adopting very different cues.

Taken together, these data offer some contributerthe on-going discussion
regarding the possibility that particular cues migause biases, and, consequently,
affect patients’ performance at future thinking @Mae & Hassabis, 2011).

The discussion stemmed from the attempt of disgtitemthe contradictory results
emerging from independent studies on the abilityfudtire thinking of amnesic
patients. Beyond Hassabis and his colleagues’ {2@y7), case reports of patients
suffering from a severe amnesia observed analogapairments at future thinking
(Lidz, 1942; Tulving, 1985; Corkin, personal comnuation, 01/26/11; Dalla Barba
et al., 1997; Klein et al., 2002). Hassabis e{2007) reported, for the first time, on
one patient (P01), who, despite his episodic merdeficit, could imagine fictitious
scenarios. These results, that initially appeacethd atypical, have been recently
replicated in the single case of Jon (Maguire et 2010), P2 (Zeman et al.,
submitted), in children (Cooper et al., 2010) anthe five patients tested by Squire
et al. (2010). The striking contrast raising fromme tperformance of different

amnesiacs at creating future scenarios undermireebytpothesis of a close linkage
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between episodic memory and future thinking. Iiniag at imagining personal
future, individuals are to draw from memory, thezople who lost the ability to
remember their past should be unable also to déjpest future. And this is not

unquestionably the case.

However, following different procedures, the samegignt can exhibit opposite
performances. Patient H.C. was found to be impa(ledan et al., 2010) and
unimpaired (Hurley et al., 2011) in two independstudies that used different
methodologies. The discrepancy between these fysdilred Hurley and his
colleagues to suggest that H.C.’s difficultieshe former research could have been
influenced by the specific single word cue (i.eoffee) adopted by Kwan et al.
(2010), which might have greatly constrained théeps making the task more
challenging (although participants were told thHa events might have also been
unrelated with the cue itself, and that the cueesisolely as tool to facilitate the
construction task). Kwan et al. (2010) did not ralé this possibility, noticing that
also H.C.’s scores in autobiographical memorieskgd with the single word cue)
were lower than those exhibited in another studpgus different methodology
(Rosenbaum et al., 2011).

Race et al. (2011) used short descriptions to preéy specific events and,
consequently, to minimize accounts of frequentliolte events, explaining that
“preferred level of processing in autobiographic@mory is at a more general level”
(p. 10263; see also Conway, 2001) and that amresigh a damage in temporal
lobe usually rely on non-specific autobiographicdbrmation when reporting past
memories (Thaiss & Petrides, 2008). And, indeedglitea and Hassabis (2011)
objected that a possible reason underlying the déhcknpairment observed in Squire
et al.’s (2010) patients was attributable to tmgla word cue used, which is likely to
determine semantic biases. Accordingly, Kwan et(2010) reported that H.C.’s
mother considered many of her daughter’'s past mesi¢elicited in the same study
with the single cue word) as “stories that had bestald over the years and may
have been “semanticized” to some extent” (p. 3184).
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In Chapter 8 we reported on patients suffering fi@ankinson’s disease (PD) who
clearly showed a future thinking deficit when thesdriptions were prompted with a
single word cue and found the task prompted bylleséintence descriptor easier to
accomplish. In this case, the single word cue us@d unlikely to determine
semantic biases, given that our PD patients restesdeere difficulties in reshuffling
details from different memories. Thus, they coultvdr been less prone to fill the

gaps of their accounts with semantic memories.

On the contrary, M.D. and G.C. were completely bmab imagine their future with
whichever cue we used. Moreover, at the end of dashription, we debriefed M.D.
and G.C. about their feeling of spatial coherenw @ntiguousness that they might
have experienced when depicting the scenariosin thind. And the feedbacks they
provided were undoubtedly less precise than tho»éded by the control sample, in
both tasks. Patients’ imagine experiences lackingpiatial unity and taking place in
a vague setting. Furthermore, the position andathengement of people and objects

resulted hazy and indistinct.

It is worth noticing that, once they had stoppdkiitg, we solely gave them a single,
standardized prompt, i.e., “Is there anything gise would like to add?”, to which
usually they answered “No, there is not”. This t@ndue to the fact that amnesic
syndromes might have relevant effects on narratomestruction, that affect future
thinking as well as their portrayals of presentexignces (Zeman et al., submitted).
The probing protocol used by Hurley et al. (201Hswiot as strict as the one we
adopted. They did not always use the same geneddlep(e.g., “can you see
anything else in the scene?”). Sometimes, theydasie further description of a
concept, of a detail introduced by the participdetg., “can you describe the fishing
boat in more detail?” in response to the particigaying “I can see a small fishing

1”7

boat gently rocking out in the sea™ (Hurley et @011). Although the examiner was
not allowed to introduce a new detail, participantsre explicitly encouraged to
enrich and elaborate their accounts. This procedurght be more likely to

encourage semantic descriptions, than the cué. issgdarticipant does not need to
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vividly imagine a “fishing boat” in the future scamo to further describe it, he can

simply draw on semantic memory.

Therefore, we suggest that the cue might be notlasant as the quantity and the
quality of prompts provided. The heterogeneity bé tstatements used by the
experimenters to encourage further elaboration tmighidentified as a plausible
source of error. Our data support the idea thatvthies condition is controlled for,

the cues might be more sensitive to detect an imgaut.
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11. A case of confabulatory behaviour

concerning personal future

11.1 Introduction

Confabulation is a memory-related phenomenon,lthatbeen differently referred to
as “falsification of memory occurring with clear nsziousness” (Berlyne, 1972),
“statements or actions that involve unintentiona @bvious distortions of memory”
(Moscovitch & Melo, 1997), “spontaneous narrativepart of events that never
happened” (Schacter, Normann & Koutstaal, 1998), “an honest lying”
(Moscovitch, 1989). Patients, who confabulate, poedverbal statements clearly
incongruous and inappropriate to their past expeds, background, current context
and future plans, without being aware of sayingdhbods (Dalla Barba, 1993).
These false beliefs are often related with subistacbnviction, and might lead, in

certain cases, to act accordingly.

Initially, confabulations were distinguished into omentary and fantastic
(Bonhoeffer, 1904; Berlyne, 1972). It was suggestet the former were usually
autobiographical events miscombined or displacedinte and were produced in
response to a question to overcome the embarrassinerio a faulty memory. The
latter were supposed to be completely distinct frm@mentary confabulations, as

they were implausible claims, which appeared wittamy provocation.

However, today many investigators of confabulatistilé adopt another conceptual

distinction, coined by Kopelman (1987), which diffietiated between spontaneous
and provoked confabulations. Whereas spontaneonfalmdations are rare and

bizarre and occur in case of a superimpositionnodmnesic syndrome on a frontal
dysfunction, provoked confabulations are more comnand plausible, and are

produced in response to questions which would uelcoxemory gaps.
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All types of confabulation have some common featuhat has been highlighted by
Talland (1965) and Moscovitch (1989). The confatmrlareport is based upon a
false context and might involve details incongruemén within the false context
constructed; confabulations are unintentional,esjpatients are aware neither of their
memory deficits nor of their confabulations; thetféhat patients are unaware of
confabulating is testified by their acts which tgdly are compatible with the
confabulations’ contents. Confabulations have bs#served during tasks assessing
memory, orientation in time and space and, alsosgmal future planning (Dalla
Barba, 1993). Dalla Barba (1993) observed that dic€e@mnesic patient, MB, who
exhibited a confabulatory behaviour, "said thatMas looking forward to the end of
the testing session because he had to go to tleeajestore to buy some new clothes.
On this occasion the patient actually attemptekbaoe his hospital room, claiming
that there was a taxi waiting for him downstais:'4). Thus, he tried to act upon his
confabulation with respect to his future plans,iobsly without being aware of the
fact that he was confabulating. Another case, tedoby Dalla Barba and his
colleagues (1997), of a patient suffering from amasic-confabulatory syndrome
was GA. GA developed her syndrome in consequencea ofubarachnoid
haemorrhage and ischemia following the rupture hef &nterior communicating
artery and the consequent vasospasm. She produsddbalations encroaching
upon personal past, orientation in time and spawk @ersonal future. GA was
administered three different tasks: the confaboiabattery (Dalla Barba, 1993); a
task involving 10 questions about her lived pad 40 questions about her lived
future; and a future version of the Crovitz tesing a single-word cue to elicit past
and future reports. The confabulatory behaviour elzserved across the three tasks.
When assessed on the confabulation battery (Dafad 1993), she presented with
33% of confabulatory responses concerning episademory and 40% of
confabulatory responses regarding orientation nmetand space. GA confabulated
60% of the times in response to questions regardergived past and 60% of the
times answering questions concerning her livedréutdrinally, the 13% of her
responses about her personal past, and the 50%rafebponses referring to her
personal future on the Crovitz test were classifiagl confabulations. GA

confabulated across past, present and future {e.gesponse to the questions “What
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did you do yesterday?; Where are you now?; Whayawegoing to do tomorrow?”),
but she never produced confabulations in respomsguéstion assessing semantic
memory. The same pattern was observed in D.B. iKé&ti al., 2002). D.B. had
sustained a brain damage consequent to an anos@plealopathy. He exhibited a
severe retrograde and anterograde amnesia. TheoB0fi¢ responses to questions
concerning lived past and the 50% of his respotseguestions concerning lived
future was confabulatory. However, once again, éreegated confabulations solely
when answering questions about his personal paktfutore. On the contrary, he
responded accurately and appropriately when asuedtigns regarding known past
and future. Thus, D.B. showed difficulties at inragg future when asked, “What
are you going to do tomorrow?”, while he could Baanticipate changes in response
to the question, “Can you tell me what you thinkl Wwe some of the most important
issues facing your community in the next ten yéarS2punar (2010) has noticed
that this difference might reflect the specificdf/the impairment at thinking about
past and futuren a personal mannerBoth GA and D.B. may be thought of as
lacking the capacity of being conscious of the saibye time that they experience.
This ability has been defined temporal (Dalla Barb297) or autonoetic (Tulving,
1985) consciousness. The two concepts are closkied. Temporal consciousness
(TC) means “to become aware of something as paa pérsonal past, present or
future” (Dalla Barba, 1997, p. 25). This concegisined from the consideration that
time does not exist in the objects. Thinmgs seare not past, present or future. We
need an “agent”, who recognizes them and attribaiteigecific meaning, a temporal
dimension to them, when we look at them in the gmgswhen we recollect them in
past events or when we use these objects to imaginauture (Dalla Barba, 2000).
Slightly different is the Tulving’s concept of autmetic consciousness (AC), which
emphasizes the “awareness of one’s self existing subjective time” rather than
that of the “subjective time in which one’s selfig#g” (Szpunar, 2011, p. 410).
Whereas both TC and AC are inextricably intertwineith episodic memory, a
different type of consciousness accompanies semangmory. This type of
consciousness has been differently defined as lgpwonsciousness (KC) that is
the awareness of “something as a meaning or alearert of impersonal knowledge

or information” (Dalla Barba, 1997, p. 25) or asetio consciousness (NC) that
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“allows an organism to be aware of, and to cogelyivoperate on, objects and
events, and relations among objects and eventdeimbsence of these objects and
events” (Tulving, 1985, p. 3). Thus, it might bespible that in both patients, GA and
D.B., TC and KC were intact. However, TC, accordiaogdalla Barba’'s model, did
not interact, as usual, with less stable modifosadiin long term memory, but with
the more stable ones. The consequence was thaits'hab personal semantic
information” were “considered in a personal tempdramework” (Dalla Barba,
1997, p. 25) and displaced. The present study remor another amnesic patient,
T.H., who confabulated when remembering past patsgpisodes. We aim at testing
T.H. in three personal conditions (past, futuregngcconstruction) and at assessing
his self-evaluation of the phenomenological chamastics of his reports. In

particular, we hypothesize that he might confaleutaiross the three conditions.

Our goal is to assess whether confabulations onlgormpass past and future
conditions or whether they also extend to a cooitrequiring the ability to
construct a scene which is non temporal in natWwe. predict that Dalla Barba’s
findings will be replicated, hence we will obser@nfabulations encompassing both
the past and the future. Moreover, if there is mpairment of the temporal
consciousness causing confabulations, we mightotxpeobserve lower “feeling of
experiencing” indexes in T.H., when compared toticos.

We aim at further exploring the findings of a pmws study that we conducted on
healthy people (see Chapter 6) on this confabuylapatient, hypothesizing that,
since non temporal events have been shown to hstinglishable from future
events, if a patient confabulates in future evemésshould confabulates also in non

temporal events.
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11.2 Method

11.2.1 Participants

The patient T.H. and five matched controls parétsg to this study.

The patient T.H. was 68 years old, with 16 yeargdidcation. He was diagnosed
with a subarachnoid haemorrhage, due to the ruptutiee anterior communication

artery, and hydrocephalus.

TH was recruited at the Blackheath Brain Injury Bahtation Centre, in London.
He was administrated three neuropsychological ,téds¢s Addenbrooke’s Cognitive
Examination Revised (ACE-R) (Mioshi et al., 200@), battery for dementia
screening; the Hayling and Brixton tests (BurgesSHhallice, 1997), which measure
executive functions; and the Repeatable Battery fhe Assessment of
Neuropsychological Status (RBANS) (Randolph et 4PB98), that detects and
characterizes dementia. He scored 60/100 on the-RGeut-off < 82 gives 84%
sensitivity and 100% specificity for dementia); Wwasimpaired (scaled score of 1)
on the Hayling test and exhibitedpaor performance (scaled score of 3) on the
Brixton test; and showed an overaktremely lowscore on the RBANS (in
particular, he presented with artremely lowevel of functioning in immediate (53)
and delayed memory; dow average level of functioning in the visuo-
spatial/constructional subtest and in language; anbtorderline level in the
attentional sub-task). At the end of the Haylingl &rixton tests, it was observed
that he was‘'cooperative during testing, yet was confused amgbidentated and

perseverated on a number of fixed false beliefs”.

T.H. was presented with the confabulation batt&gllg Barba, 1993). He produced
a 50% of confabulations in response to questionsaming his episodic memory; a
40% of incorrect responses regarding the orientatictime and a 20% of incorrect

responses referring to the orientation in spacethEtmore, he confabulated in a
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number of situations, in response to specific qaestand spontaneously, referring
to episodic memory and future thinking. For ins&@rto the question “What did you
do yesterday?”, he falsely answered that he wenwisit his grandchildren.
Moreover, at the end of an experimental sessiorsale that he could not come to
the hospital the day after, since he had plannieg avith his wife. And this was not

true.

The healthy individuals were members of differemin-academic, local associations.
We did not recruit people under psychoactive phaoiogical treatment likely to
modify normal memory abilities or people with atbhry of neurological and
psychiatric disorders. No honorarium was offeregadicipants. Before starting the
testing session, they were asked to sign an infdrmetten consent. The study
procedures were approved by the local ethical cdteeniand were carried out in

accordance with the Declaration of Helsinki.

11.2.2 Materials and experimental procedure

Each testing was implemented in a single sessi@mtichants were assessed

individually and sat in front of the experimentera quite testing room.

First, they were instructed that they had to re&ier imagine specific events (which
were to take place at a specific time and in aifpgiace) that happened to them in
the past or that might happen to them in the futureesponse to a cue word or to a
short description of a scenario. For the futuré tasd for the construction of the
scenario, they were explicitly required not toiete memories of past events or any
part of them, but rather to imagine episodes thatcdcpotentially happen to them in
the future given their current plans and goals.atidition, they were given the
following example: “If | ask you to imagine any exethat might happen to you
during the next two years, which involves the weittbliday », you should try to
imagine a particular conversation, a particular Inoeaa particular moment of your

potential holiday, that could last from a few miesiup to an hour. The holiday as a
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whole is not going to be considered a specific 8vednce they were briefed to
describe the remembered/imagined event in as matdl cas possible, including
aspects referring to the setting of the events, htygpening, the people and the
objects present, any emotion, colour, smell, tastand and to try to experience the

event as vividly as possible.

Then, participants were provided with the experitakbattery. Aiming at prompting
the past and future events, two sets of eight wordatched for familiarity,
frequency, imageability, and concreteness, werectsd from Italian norms (Burani
et al., 2001). Within each list, the words wered@mly assigned to the two temporal
directions. Then, each participant was given oné&he$e two sets. They were told
that the cue word served to facilitate the evemistroiction (4 past autobiographical
memories and 4 future events), so it was to consdkely as a tool. They were
allowed to describe an event unrelated to the caelwThis procedure followed
those of D’Argembeau and van der Linden (2004) @nalddis et al. (2008).

In order to prompt the construction of scenarios,used four sentences depicting a
common-place scenarios (e.g., “Imagine you aredstgnin a open field by the
banks of river”; “Imagine you are standing on thexkl of a ship leaving port on a
voyage”; “Imagine sitting in a pub having a drinkImagine standing in the
impressive main hall of a busy museum”). Participamere asked to richly create 4
new experiences, plausible, which had never hagpbetre, and again to describe
them in as many details as possible. The events tedre contextually specific. This
procedure and the short verbal cues were adapted fine paradigm devised by
Hassabis et al. (2007).

The cues were displayed, one at a time, on the atangcreen. Once an event had
been recalled or imagined, it was described by gacticipant. There was no time
limit for each cue. Participants were allowed tefen recounting the event until
they thought that nothing else could be added. Rstomns and simulations were
digitally recorded to enable later transcriptionadasubsequent scoring of

participants’ responses.
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Following the description of each event, particiganvere asked to rate the
phenomenological characteristics of the mentalesgmtations they had formed on a
7-point scale. They had to estimate how many vislehils they “saw” in their
representation (no one/a lot); how many sounds]Isntastes they “felt” (no one/a
lot); how distinct was the setting where the repngéstion took place (vague/clear);
how clear was the spatial arrangement of people aojécts (vague/clear); how
strong was the feeling of experiencing the eveut f@eling/strong feeling); how
often they had experienced in the past the sanzevary similar event (never/very

often).

At the end of the study, we asked a general questmcerning participants’ living

future (e.g., “What do you think you will be doingthe future?”).

11.3 Results

Participants’ answers were scored as “correct’ ofcanfabulations”. In line with
Dalla Barba et al. (1997), we considered as cometsponse that was congruent
with information, given by a relative, regarding thast, the present activities and the
feasible feature of the participants. For what eons the future, we marked as
“confabulatory” an answer that showed “a markedréjsancy or a real contradiction
with what a predicted future action might be, iewiof the present situation” (Dalla
Barba, 1997). To this end, with T.H.’s consent, asgked his wife to listen to his
recollections and then to answer a YES/NO quegtien for the past “as far as you
know, did this event really happen in the past?faorthe future and for the scene
construction “might this event really be likely bappen?”) for each of them. So if
T.H.’s wife thought that the information given imetrecollection was consistent with
information referring to his past, his present amlplausible future plans, then she
was to sign YES. Otherwise, she was to sign NOwaasl required to indicate the
reason why she thought that the event was unlikalglausible or unconvincing.
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The results are shown in Table 11.1.

Past Future Scene Construction
Correct | Confab Correct | Confab Correct | Confab
T.H. 75 25 50 50 50 50
C 100 0 100 0 100 0

Table 11.1 - T.H.’s and normal sample’s (C) perceafge of correct responses
(Correct) and confabulations (Confab) in the threetasks concerning past,

future, scene construction.

Furthermore, T.H. confabulated in response to dlse question, asking for his plans
for the future. He answered that he would go bamkdnto Ireland for good, do the
treatment by himself and own, and take care of,esdrarses and greyhounds.
However, he lived in London, not Ireland, so wontat go back to Ireland. His life,
his house were in London and possibly he would savee involvement with horses
and greyhounds through friends, but would not owheotoo heavily involved, given

his brain injury. He solely could help out to sodegree.

Subjective ratings. The phenomenological characteristics of the mental
representations were classified in four categodesording to Hassabis et al. (2007):
sensorial details (given by the mean rate of tivedmess of visual details, sounds,
smells, tastes), spatial index score (obtainedhieymiean rate of the clarity of the
setting and spatial arrangement of people and tH)jefeeling of experiencing the
event and novelty of the event (i.e., how ofterythave experienced the episode in
the past, see Chapter 5). The differences betwddnahd controls were analysed
with the program_Singlims_ES.exgleveloped by Crawford and Howell, 1998;
Crawford & Garthwaite, 2002; and Crawford et alQ1@). When compared to

controls, T.H.’s subjective ratings of sensoriatagle (t = -3.16,p < 0.02), spatial
index (t =-2.55p < 0.05) and feeling of experiencing (t = -4.42 0.01) the event
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were significantly poorer solely for past eventse kated 3.18 the vividness of
sensorial details (Controls: M = 6.27, SD = 0.8856 the clarity of the setting and
of the spatial arrangements of the entity pres€onnfrols: M = 6.4; SD = 0.98); and
1.75 the feeling of experiencing the event (Costral = 6.35; SD = 0.95).
Moreover, T.H. experienced very differently theidivess of sensorial details in past
events (3.18; Controls: M = 6.27, SD = 0.89) amélture events (5.12; Controls: M
=5.22; SD = 0.52), t = 6.14, < 0.005. Also, solely for T.H., the perceived sakti
clarity of the setting and spatial arrangementgeddbetween past (3.66; Controls: M
= 6.4; SD = 0.98) and future events (5.58; Conirbl8; SD = 1.03; t = 2.36 <
0.05). Finally, T.H.’s feeling of experiencing mahtepresentations significantly
differed in past (1.75; Controls: M = 6.35; SD 8%). and future (4.75; Controls: M=
6.45; SD = 1.70) episodes, compared to contral.77,p < 0.05 (see table 11.2).
The phenomenological characteristics of T.H.'s abofatory reports did not

significantly differ from those of T.H.’s correatports in any of the three conditions.

Rating T.H. Controls
Past Future Past Future
Sensorial Details 3.18 5.12 6.27(9.89)| 5.22(40.52)
Spatial Index 3.66 5.58 6.4(8.98) | 5.8(4.03)
Feeling of Experiencing 1.75 4.75 6.35(8.95) | 6.45(1.70)

Table 11.2 — T.H.’s and Controls’ subjective meanating (+ standard deviation
for controls) referring to the sensorial details, the spatial index and the feeling of

re-experiencing and pre-experiencing past and future events.

11.4 Discussion

This chapter reports on the case of T.H., whopfuaihg the rupture of the anterior
communication artery and a consequent subarachremdhorrhage, was suffering
from an amnesic-confabulatory syndrome. TH wasireuo remember some past
events and to generate future episodes in resgorsagle-cue words. In addition,

he was required to construct non-temporal scenapasmpted with full-sentence
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descriptors (Hassabis et al., 2007). Finally, he asked a question concerning his

lived future.

With respect to our first hypothesis, Dalla Barb@slings have been replicated, as
expected. The 25% of his responses on the pastwask confabulatory. And he
confabulated in half of his reports on the futiaskt Also the answer at the question
regarding his lived future was confabulatory.

With respect to our second hypothesis, we obsettvadT.H also confabulated on

the construction task.

With respect to our third hypothesis, T.H.’s subjex ratings of sensorial details,
spatial index and feeling of experiencing the eweas poorer for past events, when
compared to the control sample. In particular, gbeceived feeling of experiencing
the events was always lower than that of contfiss was evident on the past task,
where the difference between T.H. and controls sigisificant. However, also in the
other two tasks he scored lower than controls aljhothe difference was not
significant. He rated 4.75 his feeling of experiagcthe events in the future
(Controls: 6.45; SD = 1.70) and 3 his feeling opesencing the constructed scene
(Controls: 6.6; SD = 2.70). Furthermore, T.H.’sings of the phenomenological
characteristics of past events were lower thanrdtisgs of future events. On the
contrary, no differences were reported within tleatool sample between past and

future ratings.
Furthermore, it is worth noting that T.H. scoredopp on a number of
neuropsychological tests. In addition, he was dsdated in time and space and

generated a number of “fixed false beliefs”.

In this study we aimed at better exploring the trefabetween future thinking and

the subjective time.
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The examples of confabulators have been often tehom support of the
constructive simulation hypothesis (Schacter andi®\d2007a). MB, GA and D.B.’s
performances in the future reflect their performesnim the past. This confabulatory
behaviour that extends in all the temporal dimemsioncovers, according to some
researchers (see Schacter et al., 2008), pardiieutties in remembering past and
imagining future. And the reason of such difficedti has been ascribed to the
possibility that future thinking relies on personadst. Thus, when a patient is
impaired at retrieving past episodes, he might B&pee serious problems also in
constructing his future. “There appears to be aekelationship between the ability
to remember the personal past and the ability tagine the personal future: in the
absence of the former, the latter is severely compsed (see also, Tulving, 1985)”
(Klein et al., 2002, p. 372). “Both past and futerent tasks require the retrieval of
information from memory, thus engaging common megmmatworks” (Schacter et
al., 2008, p. 45). However, this interpretation migpe fallacious and misleading.
Why should one rely on his episodic memory to cmtstan episodic future
thought? If one wants to imagine an episode thahds never experienced in the
past, or if one does not remember any of his palguast events, why cannot he rely
on his semantic memory and construct a plausil#ea? For instance, a person
can imagine to go to the savannah and look atadfgieating acacia shoots, even if
he cannot rely on his past experience. So why doanmmnesiacs rely on their
semantic memory to describe a plausible future axo@n Studies on confabulators
offer a precious insight, that might help to ansWerse questions. They suggest a
different interpretation of the relation betweerstpand future thinking. It might be
possible, for instance, that personal future iscombpromised in absence of personal
past. Personal future and personal past mightlatedein the sense that each of them
embodies the manifestation of particular mechanismhich underlie both
remembering and foreseeing. One of these mechanismgpresented by the
autonoetic consciousness (AC). AC enables “metitak travel in the personal
subjective way that is the hallmark of retrievairfr episodic memory” (Wheeler et
al., 1997, p. 331). It allows to become conscio@isthe subjective experience
extending from the past to the future. Thus, itdem also mental time travel in the

personal subjective way that is the hallmark ofdbestruction of scenes projected in
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the future. The act of imagining a future persoemisode might be thought as a
function of AC. K.C., the famous amnesic patiergatded by Tulving (1985), had
preserved his noetic consciousness (NC), whereas AT was seriously
compromised. And indeed he could imagine neithergast nor his future. D.B.
(Klein et al., 2002) is another case of amnesitepatwho also confabulated when
required to think about his past and his futura ipersonal way, i.e., when the task
required to use AC. On the contrary, he was uniregan tasks involving NC.

“Simply thinking that something may happen in th#ufe, without mentally
preexperiencing a specific episode, is a functibnaetic consciousness” (Szpunar,
2010, p. 145). Thus, as Szpunar (2010) has alreatlged, since his NC worked
properly and AC was compromised, he could thinlpa$t and future solely in an
impersonal manner. Subjective temporality is cosr®d a fundamental pre-requisite
to travel back and forward in personal time. Acaogdto Dalla Barba’'s model
(1997), temporal consciousness (TC) usually intsraath the more recent, and
consequently less stable and weaker, modificatibiiise long-term memory system,
with the aim of remembering the past, of beingmaged in the current time-place
and elaborating future plans. In some patient® KkC., TC was impaired, so it
could not work properly. In other patients, like GEC has been retained, but it does
not accomplish its task of operating “a sort ofefigrain search in the long-term
storage system and use less stable modificationsrder to set up a personal
temporal workspace” (Dalla Barba, 1997, p. 25)this condition, TC interacts with
more stable modifications of long-term memory aadsequently it uses information
frequently told and retold over the years and “seimezed” to some extent. When
required to plan their lived future, confabulatofghis type are prone to answer with
habits that they used to adopt in their life. Thame our patient, T.H., lived in
Ireland many years before our experimental intevvand used to take care of a
number of animals, like horses. When asked abauplains in the next future, he
proposed a very unlikely scenario, ignoring hisrenr medical, social and practical
conditions. He did not take into account to havieoase in London and to need
constant assistance, and he answered that he \oudck home to Ireland, do the

treatment by himself, and take care of some hassesgreyhounds. Moreover, he
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seemed to adhere without doubt to his confabuladesgriptions. Accordingly, there
was no difference between the perceived phenomgitcalocharacteristics of his
confabulatory and his non-confabulatory reports.weler, the feeling of re-
experiencing and pre-experiencing his mental reptesion was less strong when

compared to controls.

This is in line with what suggested by Klein et @002): “semantic memory also
makes possible a form of mental time travel, albeé that does not entail awareness
of the temporal dimension of one’s own experiergecifically, individuals who
possess semantic memory are capable of knowingt,abounot re-experiencing,
previous states of the world and drawing on thatege knowledge to construct
possible scenarios of the future” (p. 369-370). Ahanight be possible that an
impairment of TC is reflected also by a weak suijecfeeling of mentally

experiencing past events.

Furthermore, our results show that imagined futewents are impossible to tell
apart, with respect to the percentage of confalmmsatproduced, from non temporal
events. Therefore, we replicated with a confabwatmatient the results that we
obtained on healthy people (see Chapter 6). In t€hafy we hypothesized that
participants envisage future scenarios even wheay thre asked to imagine
experiences not explicitly temporal in nature. Timight apply also for T.H.. It may

be the case, in fact, that cueing T.H. “to imagameevent that might happen to him
in the next two years, which involves the word dali” or “to imagine that he is

standing in an open field by the banks of riveresianot make any difference in
terms of mental time travel in future, i.e., thelusion of a time period in the cue
sentence does not seem crucial to trigger progpedti may occur that, as far as a
person is engaged in imagining doing somethingsitde, he spontaneously projects
into his personal future. Therefore, TC might bevolwed not only when

remembering the past and when imagining the futurealso when constructing non

temporal scenarios.
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However, we cannot rule out also a different intetition of the present data.
Moscovitch (1995) has noticed that tasks involvesodic memory place a high
cognitive demand, especially on executive functigeguiring temporal experience
and narrative constructions. Consequently, theyhtnigvolve strategic retrieval
processes. In particular, future thinking tasksehbeen shown to involve even a
greater neural activity than the episodic memoskdaOkuda et al., 2003; Addis et
al., 2007). Okuda et al. (2003) have revealed fitwaital lobes are activated when
normal participants foresaw. In particular, specifiontal polar regions are more
active when participants think and reports theiurfe prospects. Recently, Anderson
et al. (in press) have suggested that future thmknight be considered more
effortful than past memory. Executive functions eri@ both processes by
monitoring and combining the different details. Buhereas past episodes require “a
search for a unique combination of information;contrast, a future event can be
formed from any combination of an infinite array ahformation within
autobiographical memory” (p. 2). T.H. showed poerfprmances in many cognitive
domains, in particular in tests assessing exectiivetions. These difficulties might

have also contributed to his impaired performance.
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12. Final Discussion

“All the world’s a stage”, wrote Shakespeare. Sumidef and Corballis (2007) noted
that this applies to the mental world as well. tnfation and material stored in long-
term memory can be mentally manipulated and re-oo@dbto form infinite and
elaborated simulations of possible upcoming episod@wever, our mind does not
work like a video-camera and we do not have atdisposal full-fledged scenes to
be performed as in a movie (“The past, like theireit can only be imagined”, de
Hériz, 2006, p.21). Episodes are constructed bwidgfrom different snippets and
by reshuffling them to shape a coherent whole. dloee, future thinking is far from
being an encapsulated cognitive function. It, iadtempinges upon a constellation
of constituent abilities. For this reason, it isastly process, likely to be disrupted at
different stages, hence in several diseases, wiight be characterised by an
impairment of one or more of its crucial componefitdeed, the mental construction
of future experiences requires the activation ofcimuwf cortical mass and,
consequently, it can be impaired ny kind of cortical brain damage” (Berryhill et
al., 2010, p. 1391). The ability of forecasting essitates a greater neural activity
than that underlying past recollections (Okudal.e2803; Addis et al., 2007). When
healthy participants think and report their futymespects, specific frontal polar
regions are more active (Okuda et al., 2003). Feuniore, the activity of the right
frontopolar cortex (BA 10) positively correlate tvithe amount of details uttered
(Addis & Schacter, 2008). Also Anderson et al. fnress) noted that future thinking
might be regarded as more effortful and expandiaa past memory. For instance,
future thinking is thought to place a consideratddgnand on executive functions,
which underlie both processes by monitoring and lhomg various elements.
However, whereas past episodes require “a seancla fonique combination of
information; in contrast, a future event can barfed from any combination of an
infinite array of information within autobiograplaicmemory” (Anderson et al., in
press, p. 2). “Like human language, it [future Kmng] is open-ended and generative,
so there is no end to the number of potential &isgenarios one might envisage”
(Suddendorf and Corballis, 2007, p. 302).
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The abilities of foreseeing unique episodes anactihg accordingly provide us with
an essential selective advantage. The adaptatighetduture is facilitated by the
versatility in facing novel situations and the flakty to elaborate and use strategic

plans to achieve personal devised goals (SuddeaddrCorballis, 2007).

The matter is intriguing and has led to a growinggse of literature during the last
years, insomuch as Schacter and Addis (2007c) drthet “the future of thinking

about the future appears to be now” (p. 33). Thesgmt thesis stemmed from the
need of breaking down the whole process into isscoeomponents, aiming at deeply
investigating this sort of “life simulator” (Briné& Brine-Cohrs, 2007). To this end,
this research encompassed a number of experimetitsoh healthy volunteers and

on different groups of patients.

After presenting the concept of future thinking aediewed the relevant literature in
Chapters 2 and 3, the thesis proceeds with theyptte select an appropriate cue to

prompt future episodes (Chapter 4).

The types of cue hitherto adopted in the literatumee been highly heterogeneous.
And this is a key point, which had never been expentally addressed before, to
consider in the interpretation of the results. Soasearchers had already noted that
indeed different cues might lead to different outes, as it was observed in the case
of H.C., who was found to be impaired at futurenkimg when tested with Kwan et
al.’s (2010) procedure and unimpaired when assessthdHurley et al.’s (2011)
paradigm. Thus, it was suggested that some cueist lnggmore sensitive to detect
difficulties forecasting, while others might encage more semantic descriptions.
However, there is a rather heated debate as tdhvduie is more likely to minimize
the dependence on semantic memory. In some studies,indicating a context were
adopted to enhance the dependence on semantic jnéHassabis et al., 2007) and
to make the future task less challenging for paievith brain injury (Hurley et al.,
2011). In others, researchers did the opposit&gusiies representing a context to
avoid participants to report “frequently retrievedent information” (Race et al.,

2011, p. 10263) and ascribing semantic biases sgoriggions prompted by generic
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object-cues, which did not encourage the constctif vivid scenarios, but the

production of accounts more semantic in nature ffseeliscussion between Maguire
and Hassabis, 2011 and Squire et al., 2011). @dmigs showed that when the cue
represented a setting, healthy participants uttenede internal-episodic and less
external-semantic snippets, by comparison with eengeneric cue characterizing an
object. Thus, throughout the thesis we have maisBd object-cues or variations of
them, to elicit future thinking. This, according @nway’s model (2001), loads on
both strategic searching and scene constructioncehallowing to detect an

impairment at more steps of forecasting.

In the study reported in Chapter 5, it was hypatwesk that, given that future
thinking is a more effortful and costly processmntimamembering (Anderson et al., in
press), on some occasions, participants might geopast personal episodes that
have already occurred, instead of truly constrgctiovel scenarios. This hypothesis
was investigated by assessing participants on fugare (few weeks) and distant
future (few years) events. In fact, given that ttosild represent a possible caveat in
our research, we were interested into experimgntaficertaining whether our
concern was founded. We observed, in the delayeodgration tasks of both the
relevant experiments, that some of the personalrdutevents produced were
acknowledged as being already occurred in the grags being very similar to past
events. Participants were more likely to be relyimpn personal memories when
simulating near future scenarios than distant &uggenarios. Thus, we thought that
it could be more appropriate for the ensuing expents to test participants on
distant future events (i.¢Imagine an episode that might happen to you nextr)
rather than on near ones, to reduce the possithldy they simply reproduce past

personal memories, instead of truly imagining fatprospects.

After these two studies, we were interested atebetefining what differentiates
future thinking from the related concept of imagiogmplex scenes. The specific
contribution of three essential features of futtineking was therefore explored in
Chapter 6: familiarity of setting, self-relevane®d self-projection in time. Our main

purpose was to understand whether future thinkifigrdd from imagined future
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events involving familiar others and from imagiredemporal events, and whether
the familiarity of setting might be a crucial modtdr of the characteristics of future
thought. In two experiments it was observed thatstroictions of future events
occurring in familiar settings are perceived as enawid, are related to a stronger
feeling of pre-experiencing and are characterizgd lgreater amount of episodic
details, by comparison with the images of futurergs occurring in unfamiliar
settings. On the contrary, future autobiographégasodes were found to be entirely
indistinguishable from a-temporal personal everiteere were no differences,
indeed, between the subjective rating on sensaoléshils (perceived vividness),
spatial clarity of context and feeling of experigmggc indexes, and between the
number of episodic details in the two conditionsu3, we suggested that future and
a-temporal events, as long as they are plausitdenantally represented in a similar

way.

These first three studies had the goal of inveBtigaat depth the concept of future
thinking and the possible caveats one is likely elacounter when assessing

participants on future thinking.

Then, our further purpose was that of dissecting tlognitive architecture of
foresight. In particular, we aimed at evaluating tharts played by two cognitive
functions: episodic memory, which is thought todiehe very core of future thought
and executive control, which is considered a kegnmonent of future thinking

(Brtiine & Briine-Cohrs, 2007). In addressing thisiessve greatly benefited from

assessing people with different types of disorders.

Many authors (see e.g., Suddendorf & Corballis,720ave suggested that episodic
memory helps to pre-experience future episodegngiliat it is the type of memory
that we used to re-experience the past. Hegde J2@diwincingly objected that this
implies an unnecessarily limitation, because “ifvés strictly true, it would mean
that one would be able to foresee only those evbatone has episodic memory of”
(p. 324). Furthermore, the author extends the ftatimn of the close relationship

between episodic memory and future thinking to lagical limits, proposing a
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conundrum. “To the extent that one can only fordkese future events that one has
experienced in the past, and to the extent thatteveever repeat themselves exactly,
one can never apply the memory of any past evemfuture situation” (p. 324).

Therefore, the relationship between rememberingotist and imagining the future
appears to be more subtle than it has been padulatvarious studies (see Szpunar,
2010). We can imagine events never experiencedéelto order to imagine to eat
tiger shark sushi at the Chiharu Japanese Restaar&mgapore, we do not need to
have done it before. Information about the detlilspecific events already occurred
is not necessarily needed. We can easily generatideextrapolate information from
our general knowledge, adding arbitrary partictilesi “Without the ability to
extrapolate from generalities, the amount of paldigties the brain would have to
store would be subject to a combinatorial exploskor every prediction of a future
event, the memory of a corresponding past eventduoei needed. Conversely, what
one can predict about the future will be limiteddme’s episodic memory” (Hegde,
2007, p. 324). This sharp observation implies thierent types of memory might

cooperate with each other and with other cognitiwmains to aid forecasting.

Thus, we first analysed the actual dependence efatiility of future thinking on

episodic memory.

In Chapter 7 the capacity of foreseeing personalréuin a group of patients

diagnosed with aMCI, hence presenting a selective igolated impairment of

episodic memory, was assessed. Our findings revehbd these patients produced
fewer episodic details and a greater amount of sémedetails than controls. Thus,
the existence of a close linkage between rementdpehia past and imagining the
future was highlighted.

We were also interested in investigating whethamnardifficulties in future thinking
might be observed also in the absence of episodimany deficit. Indeed, in Chapter
8, we reported that patients with Parkinson’s Dseawho did not exhibited

impairments in memory, were nonetheless impairedhe construction of future
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scenarios. In particular, seven patients, who re@d¢he poorest scores on the future
thinking task (generating less episodic detailshie@ved a significantly lower mean
score on the Frontal Assessment Battery comparetheorest of the group.
Furthermore, these patients expressed their owapaiility to take distance from
their memories in favour of the imagination of cdetely novel scenarios. This
chapter documented a clear dissociation betweeredppisodic memory and the
impaired ability of forecasting, suggesting thatufe thinking deficits do not
represent a specific feature of amnesia and thatuixe functions might also

essentially contribute to the construction of fetscenarios.

In Chapter 9, we adopted the task developed by Aeshal. (submitted) to better
interpret the data that we obtained in Chapten&adirticular, this Chapter helped us
to rule out the hypothesis that an executive fumgideficit might have determined a
general impoverishment of verbal reports of ouigmas with Parkinson’s Disease.
Two samples of these patients (one executive aednom-executive) were tested,
indeed, on a Description Task, requiring to descabcurrent real-life setting. The
total amount of specific details produced was egjeint between the three groups,
executive, non-executive and controls. Therefoeecancluded that the failure in the
future task performance noted in the previous @raptais more plausibly due to a
disruption of the flexible searching through diéiat memories and to the subsequent
binding of the various elements into a coherentatiare, caused by a dysexecutive

problem.

In Chapter 10, we focussed our attention on the edbkhe cue. However, we did not
address this issue by testing healthy volunteersn &hapter 4, but in two patients
presenting with dense amnesia. We aimed at evatutie extent to which a cue can
influence patients’ performance, contrasting thestmaidely used cues in the
literature concerning future thinking, i.e., thengle word cue and the short
description cue. It was observed that patientsbrtspwere definitely poorer than
those generated by controls. The deficit was detedb the same extent and at the
same manner, by the two tasks adopting very diitecaes. We suggested that the

cue might not be as relevant as the quantity aadjtfality of prompts provided, to
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encourage the patient to further elaborate hisrte@ur data supported the idea that
when this condition is controlled for, the cues mige more sensitive to detect an

impairment.

The last issue we addressed in the present dissertaas the relation between
future thinking and the subjective time. We didnitChapter 11, which reported on
the case of T.H. suffering from an amnesic-confatanyy syndrome. We observed
that the 25% of his responses on the past task emriabulatory. Furthermore, he
confabulated in half of his reports on the futumskt and on the construction task.
The answer to the question regarding his livedreutnas also confabulatory. We
suggested that his difficulties imagining the fetuwere plausibly due to an

incapability of T.H. to be aware of the temporahdnsion of his experience.

In conclusion, we greatly benefited from the stadibat we run with healthy
volunteers. They helped us to investigate at dspthe relevant issues concerning
the human ability to imagine personal future. M@ studies on patients offered
an insight to further explore, and hence offer etght interpretations about the
relations between future thinking and other cogaitifunctions, like memory,

executive functions and subjective time.

In Woody Allen’s movie, “Midnight in Paris” (2011%il expresses to the artist Man
Ray his astonishment at being catapulted back artth fn time. Man Ray finds
entirely normal the idea of living in more tempodanensions at the same time and
Gil replies, “It's easy for you! You're a surredliBut I'm a normal guy!”. Thus,
unless we are surrealists, the ability of mentaigvelling forward in time is
extremely fascinating and complex and requires despread range of cognitive

processes.

199



13. References

Addis DR, Wong AT, and Schacter DL. Rememberingpthst and imagining
the future: Common and distinct neural substrati@sng event construction and
elaborationNeuropsychologiad5(7): 1363-1377, 2007.

Addis DR and Schacter DL. Constructive episodic uation: temporal
distance and detail of past and future events nabelthippocampal engagement.
Hippocampus18: 227-237, 2008.

Addis DR, Wong AT, and Schacter DL. Age-relatedrges in the episodic
simulation of future event®sychological Scienc&9(1): 33-41, 2008.

Addis DR, Sacchetti DC, Ally BA, Budson AE, and &cter DL. Episodic
simulation of future events is impaired in mild A&mers disease.
Neuropsychologiad7(12): 2660-2671, 2009.

Addis DR, Pan L, Vu MA, Laiser N, and Schacter @anstructive episodic
simulation of the future and the past: Distinct stgbems of a core brain network
mediate imagining and rememberitNguropsychologigd7: 2222-2238, 2009.

Addis DR, Musicaro R, Pan L, and Schacter DL. Hpissimulation of past
and future events in older adults: evidence fronexgmerimental recombination task.
Psychology and Agin@5: 369-376, 2010.

American Psychiatric AssociatiorDiagnostic and statistical manual of
mental disorders DSMVI(4th ed.). Washington, DC: American Psychiatric
Association, 1994.

Andelman F, Hoofien D, Goldberg I, Aizenstein O,daNeufeld MY.
Bilateral hippocampal lesion and a selective impaint of the ability for mental
time travel.Neurocasel6: 426-435, 2010.

Anderson RJ, Dewhurst SA, and Nash RA. Shared twgnprocesses
underlying past and future thinking: the impactiofagery and concurrent task
demands on event specificitylournal of Experimental Psychology: Learning,
Memory and Cognitiorin press.

Atance CM and O’Neill DK. Episodic future thinkingrends in Cognitive
Sciences5(12): 533-539, 2001.

Bar M. The proactive brain: using analogies and@asions to generate
predictions.Trends of Cognitive Sciengesl(7): 280-289, 2007.

Bartlett FC.Remembering: a study in experimental and sociatipspgy
Cambridge: Cambridge University Press, 1932.

200



Bergson HMatter and MemoryLondon George Allen & Co., LTD, 1913.
Berlyne N. ConfabulatiorBritish Journal of Psychiatryl20: 31-39, 1972.

Berryhill ME, Picasso L, Arnold R, Drowos D, andsOh IR. Similarities and
differences between parietal and frontal patiemtautobiographical and constructed
experience taskdleuropsychologia48: 1385-1393, 2010.

Bonhoeffer K. Der korsakowsche symptomenkoplexamen beziehungen
zu den verschiedenen krankheitsformAfigemeine Zeitung Psychiatyi®l: 744-
752, 1904.

Bosboom JL, Stoffers D, and Wolters E. Cognitivefdgpction and dementia
in Parkinson’s diseas@ournal of Neural Transmissipd11: 1303-1315, 2004

Briine M and Briine-Cohrs U. The cost of mental tinaeel. Behavioural
and Brain Sciences$0(3): 317-318, 2007.

Buckner RL and Carroll DC. Self-projection and tbeain. Trends in
Cognitive Scienced.1(2): 49-57, 2007.

Buckner RL, Andrews Hanna JR, and Schacter DL. Bhaen’s default
network: Anatomy. Function and relevance to disedsmals of the New York
Academy of Sciencekl24: 1-38, 2008.

Burani C, Barca L, and Arduino LS. Una base di daii valori di eta di
acquisizione, frequenza, familiarita, immaginahilitoncretezza, e altre variabili
lessicali e sublessicali per 626 nomi dell’ltalia@ornale Italiano di Psicologia4:
839-856, 2001.

Burgess PW and Shallice The Hayling and Brixton Test$hames Valley
Test Company, Bury St. Edmunds, U.K., 1997.

Cabeza R and St Jacques P. Functional neuroimagdirayitobiographical
memory.Trends in Cognitive Sciengekl: 219-227, 2007.

Carlesimo GA, Caltagirone C, Fadda L, Marfia G, r@#i G e il Gruppo per
la standardizzazione della batteria per il Detanognto Mentale. Batteria per la
valutazione del Deterioramento Mentale (parte dnalisi dei profili qualitativi di
compromissione cognitivarchivio di Psicologia, Neurologia Psichiatrig 4: 489-
502, 1995.

Carlesimo GA, Caltagirone C, and Gainotti G. Thenhkaé Deterioration
Battery: normative data, diagnostic reliability agdalitative analyses of cognitive
impairment. The Group for the Standardization & tental Deterioration Battery.
European Neurology36: 378—-384, 1996.

201



Chertkow H and Bub D. Semantic memory loss in ddraesf Alzheimer’s
type: What do various measures meas@m, 113: 397-417, 1990.

Cohen NJ and Eichenbaum WMWemory, amnesia, and the hyppocampal
systemCambridge: MIT. 1993.

Conway MA. Sensory perceptual episodic memory atsl dontext:
autobiographical memoryhilosophical Transactions of The Royal Society356:
1375-1384, 2001.

Conway MA and Pleydell-Pearce CW. The constructibmautobiographical
memories in the self-memory systeRsychological Reviewl07: 261-288, 2000.

Cooper JM, Vargha-Khadem F, Gadian DG, and Madt#e The effect of
hippocampal damage in children on recalling thet pasd imagining new
experiencedNeuropsychologia49(7): 1843-1850, 2011.

Corkin S. What's new with the amnesic patient H.NNature Reviews
Neuroscience3: 153-160, 2002.

Crawford JR and Howell DC. Comparing an individsidBst score against
norms derived from small samplebhe Clinical Neuropsychologisii2: 482-486,
1998.

Crawford JR and Garthwaite PH. Investigation of thieagle case in
neuropsychology: confidence limits on the abnoriyalf test scores and test score
differencesNeuropsychologia40(8): 1196—-1208, 2002.

Crawford JR and Garthwaite PH. Evaluation of ciéefor classical
dissociations in single-case studies by Monte Canhoulation. Neuropsychology
19(5): 664—-678, 2005.

Crawford JR, Garthwaite PH, and Porter S. Point iaterval estimates of
effect sizes for the case-controls design in nesydmology: Rationale, methods,
implementations, and proposed reporting stand&dgnitive Neuropsychologg7:
245-260, 2010.

D’Argembeau A and Van der Linden M. Phenomenal attaristics
associated with projecting oneself back into thet @ad forward into the future:
influence of valence and temporal distan€Censciousness and Cogniticl3: 844-
858, 2004.

D’Argembeau A and Van der Linden M. Individual fdifences in the

phenomenology of mental time travel: The effectwfid visual imagery and
emotion regulation strategigSonsciousness and Cognitidib: 342-350, 2006.

202



D’Argembeau A, Raffard S, and Van der Linden M. Rembering the past
and imagining the future in schizophrend@murnal of Abnormal Psychology17:
247-251, 2008.

D’Argembeau A, Renaud O, and Van der Linden M. HBesgy,
characteristics, and functions of future-orientéebughts in daily life. Applied
Cognitive Psychology5: 96-103, 2009.

D’Argembeau A, Stawarczyk D, Majerus S, ColletteMan der Linden M,
Feyers D, Maquet P, and Salmon E. The neural lmdgiersonal goal processing
when envisioning future event¥ournal of Cognitive Neuroscienc2?: 1701-1713,
2010.

D’Argembeau A and Mathy A. Tracking the constructiof episodic future
thoughts.Journal of Experimental Psychology: Geneid0: 258-271, 2011.

Dalgleish T, Williams JMG, Golden AJ, Perkins N,rigst LF, Barnard PJ,
Au Yeung C, Murphy V, Elward R, Tchanturia K, andaikins E. Reduced
specificity of autobiographical memory and depr@ssthe role of executive control.
Journal of Experimental Psychology: GenetE#36(1): 23—42, 2007.

Dalla Barba G. Confabulation: knowledge and rectiNe experience.
Cognitive Neuropsychologg0: 1-20, 1993.

Dalla Barba G, Cappelletti JY, Signorini M, and BenG. Confabulation:
remembering “another” past, planning “another” fetuNeurocase 3: 425-436,
1997.

Dalla Barba G. Memory, consciousness and the bBaein and Cognition,
42: 20-22, 2000.

Della Sala S, Laiacona M, Spinnler H, and UbeziA@ancellation test: its
reliability in assessing attentional deficits inzAkimer's diseasé?sychological
Medicine,22: 885-901, 1992.

Della Sala S, Laiacona M, Spinnler H, and Triveélli Autobiographical
recollection and frontal damagdeeuropsychologia31(8): 823-839, 1993.

De Hériz E.Bugia.Dalai Editore, 2006.

de Vito S and Della Sala S. Predicting the fut@ertex,47(8): 1018-1022,
2011.

de Vito S, Gamboz N, and Brandimonte MA. What daiferentiate

episodic future thinking from complex scene ima@ergonsciousness and
Cognition under revision.

203



de Vito S, Gamboz N, Brandimonte MA, Barone P, Ambd, and Della
Sala S. Future thinking in Parkinson’s Disease: @axecutive function?
Neuropsychologiainder revision.

Driscoll I, Hamilton DA, Petropoulos H, Yeo RA, Brks WM, Baumgartner
RN, and Sutherland RJ. The aging hippocampus: twegnibiochemical and
structural findingsCerebral Cortex13: 1344-1351, 2003.

Dubois B, Slachevsky A, Litvan I, and Pillon B. THAB: A frontal
assessment battery at bedsieurology 55: 1621-1626, 2000.

Dudai Y. Predicting not to predict too much: Hove ttellular machinery of
memory anticipates the uncertain futuRhilosophical Transactions of The Royal
Society B364: 1255-1262, 2009.

Dudai Y and Carruthers M. The janus face of Mnemeshature 434: 567,
2005.

Emre M, Aarsland D, Brown R, Burn DJ, DuyckaertsMizuno Y, Broe
GA, Cummings J, Dickson DW, Gauthier S, Goldmadetz C, Korczyn A, Lees
A, Levy R, Litvan I, McKeith I, Olanow W, Poewe Vuinn N, Sampaio C, Tolosa
E, and Dubois B. Clinical diagnostic criteria forerdentia associated with
Parkinson's diseasklovement disorder22: 1689-1707, 2007.

Folstein MF, Folstein SE, and McHugh PR. “Mini-mangtate”. A practical
method for grading the cognitive state of patiefus the clinician. Journal of
Psychiatric Researgh2: 189-198, 1975.

Friedman W About time Cambridge, MA: MIT Press, 1990.

Gaesser B, Sacchetti D, Addis DR, and Schacter Characterizing age-
related changes in remembering the past and inmapihie future Psychology and
Aging 26(1): 80-84, 2011.

Gamboz N, Brandimonte MA, and de Vito S. The rofepast in the
simulation of autobiographical future episodEgperimental Psychology7: 419
428, 2010.

Gamboz N, de Vito S, Brandimonte MA, Pappalard&8leone F, lavarone
A, and Della Sala S. Episodic future thinking inreasic mild cognitive impairment.
Neuropsychologiad48(7): 2091-2097, 2010.

Gardiner JM, Java RI, and Richardson-Klavehn A. Hevel of processing
really influences awareness in recognition memo@anadian Journal of
Experimental Psycholog$0: 114-122, 1996.

Garthwaite PH and Crawford JR. The distributiortref difference between
two t-variates. Biometrikg 91: 987-994, 2004.

204



Gauthier S, Reisberg B, Zaudig M, Petersen RC,hiitd<, Broich K,
Belleville S, Brodaty H, Bennett D, Chertkow H, Ceommgs JL, de Leon M,
Feldman H, Ganguli M, Hampel H, Scheltens P, TigerddC, Whitehouse P,
Winblad B and on behalf of the participants of thérnational Psychogeriatric
Association Expert Conference on mild cognitive anment. Mild cognitive
impairmentLancet 367: 1262-1270, 2006.

Gibb WR and Lees AJ. The relevance of the Lewy htodthe pathogenesis
of idiopatic Parkinson’s diseas#éournal of Neurology Neurosurgery& Psychiatry
51: 745-752, 1998.

Gilbert DT and Wilson T. Prospection: Experiencthg future.Science317:
1351-1354, 2007.

Giovanello KS, Schnyer DM, and Verfaellie M. A adl role for the anterior
hippocampus in relational memory: evidence from fMRI study comparing
associative and item recognitidippocampusl4: 5-8, 2004.

Goddard L, Dritschel B, and Burton A. The role atabiographical memory
in social problem-solving and depressidournal of Abnormal Psychology,05:
609-616, 1996.

Goff LM and Roediger HL lll. Imagination inflatiorior action events:
Repeated imagining lead to illusory recollectidemory and Cognition26: 20—33,
1998.

Gold JJ and Squire LR. Quantifying medial temptobe damage in memory
impaired patientdHippocampusl5: 79-85, 2005.

Haith MM. The development of future thinking asezgsal for the emergence
of skill in planning. In Mahwah NJ (Eds.fhe developmental psychology of
planning: why, how and when do we plérErlbaum Associates, 25-42, 1997.

Hassabis D, Kumaran D, and Maguire AM. Using imagon to understand
the neural basis of episodic memofe Journal of Neuroscienc2?: 1436514374,
2007.

Hassabis D, Kumaran D, Vann SD, and Maguire EA.ieRt with
hippocampal amnesia cannot imagine new experieReeseedings of the National
Academy of Sciences of the United States of Améiigg5): 1726-1731, 2007.

Hassabis D and Maguire EA. Deconstructing episodiemory with
constructionTrends in Cognitive Sciencedsl: 299-306, 2007.

Hassabis D and Maguire EA. The construction systmthe brain.

Philosophical Transactions of the Royal SocietyBRilogical Sciences364: 1263-
1271, 20009.

205



Hegdé J. Mental time travel sickness and a Bayesaredy.Behavioural
and Brain Sciences80(3): 323-324, 2007.

Hodges JR and Patterson K. Is semantic memorystendly impaired early
in the course of Alzheimer’s disease? Neuroanatainaied diagnostic implications.
Neuropsychologia33: 441-459, 1995.

Hoehn MM and Yahr MD. Parkinsonism: onset, progmssand
mortality. Neurology,17: 427-442, 1967.

Hoshi Y, Oda I, Wada Y, Ito Y, Yamashita Y, Oda ®hta K, Yamada Y,
and Tamura M. Visuospatial imagery is a fruitfurastgy for the digit span
backward task: a study with near-infrared opticanaography.Cognitive Brain
Research9: 339-342, 2000.

Hou CE, Bruce L, Kramer M, and Kramer H. Patterhsaatobiographical
memory loss in dementianternational Journal of Geriatric Psychiatry20: 809-
815, 2005.

Hurley NC, Maguire EA, and Vargha-Khadem F. PatiddC with
developmental amnesia can construct future scenaddieuropsychologia49(13):
3620-3628, 2011.

Hyman IE and Pentland J. The role of mental imagetihe creation of false
childhood memorieslournal of Memory and Language5: 101-117, 1996.

lavarone A, Ronga B, Pellegrino L, Loré E, Vitalla®, Galeone F, and
Carlomagno S. The Frontal Assessment Battery (FARBymative data from an
Italian sample and performances of patients witlzh8imer's disease and
frontotemporal dementid&unctional Neurology19: 191-195, 2004.

Ingvar DH. “Hyperfrontal” distribution of the ceredd grey matter flow in
resting wakefulness; on the functional anatomy loé tconscious stateActa
Neurologica Scandinavic&0: 12-25, 1979.

Ilvanoiu A, Cooper JM, Shanks MF, and Venneri Até&tas of impairment in
autobiographical memory in the degenerative deragntionstrain models of
memory.Neuropsychologigd4: 1936—-1955, 2006.

Jack CR, Jr, Petersen MO, O’'Brien PC, Smith GEjkl\RJ, Boeve BF,
Tangalos EG, and Kokmen E. Rates of hippocampaphyr correlate with change in
clinical status in aging and Aeurology 55: 484-489, 2000.

Johansson M, Stenberg G, Lindgren M, and Rosd4emory for perceived

and imagined pictures. An event-related potentiadys Neuropsychologia40: 986-
1002, 2002.

206



Johnson MK, Foley MA, Suengas AG, and Raye CL. Bhmmal
characteristics of memories for perceived and imedji autobiographical events.
Journal of Experimental Psychology: Generbl7: 371-376, 1988.

Kant I. Anthropology From a Pragmatic Point of VieWwrans. Victor Lyle
Dowdell. Carbondale. lllinois: Southern Univers®yess Paperback edition, 1996
(originally published 1798).

Killiany RJ, Hyman BT, Gomez-Isla T, Moss MB, Kik&R, Jolesz F, Tanzi
R, and Jones K. MRI measures of entorhinal corghippocampus in preclinical
AD. Neurology 58: 1188-1196, 2002.

Klein SB, Loftus J, and Kihlstrom JF. Memory anchfral experience: The
effects of episodic memory loss on an amnesic pigiability to remember the past
and imagine the futur&ocial Cognition20(5): 353-379, 2002.

Kopelman MD. Two types of confabulationJournal of Neurology,
Neurosurgery, & Psychiatryp0: 1482-1487, 1987.

Kopelman MD. Frontal dysfunction and memory desicibh the alcoholic
Korsakoff syndrome and Alzheimer-type demeriein, 114(1):117-137, 1991.

Kopelman MD, Wilson BA, and Baddeley AD (1989). Taetobiographical
memory interview: A new assessment of autobiogghand personal semantic
memory in amnesic patient¥ournal of Clinical and Experimental Neuropsychaglog
11: 724-744, 1989.

Kopelman MD, Wilson BA, and Baddeley ADrhe autobiographical
memory interviewBury St. Edmunds: Thames Valley Test, 1990.

Kurczek JC, Duff MC, Jensen U, Adolphs R, Cohen Aidd Tranel D.
Hippocampal amnesia impairs the generation of nheef@esentations across all
time periods In Society for neuroscience annual meetiNgvember 13-17, San
Diego, CA., abstract n. 600.8, 2010.

Kwan D, Carson N, Addis DR, and Rosenbaum RS. DRefim past
remembering extend to future imagining in a casedefelopmental amnesia.
Neuropsychologia48: 3179-3186, 2010.

Levine B, Svoboda E, Hay JF, Winocur G, and MosobviM. Aging and
autobiographical memory: dissociating episodic freemantic retrievalPsychology
and Aging 17: 677-689, 2002.

Leyhe T, Millera S, Miliana M, Eschweiler GW, anduBa R. Impairment of

episodic and semantic autobiographical memory inepts with mild cognitive
impairment and early Alzheimer’s diseaBSieuropsychologigd7: 2464-2469, 2009.

207



Lidz T. The amnestic syndromérchives of Neurology and Psychiatry
47(4): 588-605, 1942.

Luria AR. The Working BrainAllen Lane The Penguin Press, 1973.

Maguire EA. Neuroimaging studies of autobiographiezent memory.
Philosophical Transactions of the Royal SocietyLohdon. Series B: Biological
Sciences356: 1441-1451, 2001.

Maguire EA, Vargha-Khadem F, and Hassabis D. Iniagifictitious and
future experiences: Evidence from developmental emmanNeuropsychologia48:
3187-3192, 2010.

Maguire EA and Hassabis D. Role of the hippocampusnagination and
future thinking. Proceedings of the National Academy of Scien&@8(11): 39,
2011.

Mammarella N. The role of spaced repetitions in gmation inflation.
European Journal of Cognitive Psycholpd$: 882-897, 2007.

Mazzoni G and Memon A. Imagination can create fals&biographical
memoriesPsychological Scien¢cd4: 186-188, 2003.

McDaniel MA, Lyle KB, Butler KM, and Dornburg CC. dge-related
differences in reality monitoring of action memari®sychology and Aging23:
646-656, 2008.

Measso G, Cavarzeran F, Zappala G, Lebowitz BDoKCiiK, Pirozzolo FJ,
Amaducci LA, MAssari D, and Grigoletto F. The Miklental State Examination:
Normative study of an Italian random sampdevelopmental Neuropsycholqdy:
77-85, 1993.

Mioshi E, Dawson K, Mitchell J, Arnold R, and HodgelR. The
Addenbrooke’s Cognitive Examination Revised (ACE-R) brief cognitive test
battery for dementia screeninternational Journal of Geriatric Psychiatry21:
1078-1085, 2006.

Morewedge CK, Gilbert DT, and Wilson TD. The lehktly of times: How
remembering the past biases forecasts of the fuRssechological Sciencd6: 626-
630, 2005.

Moscovitch M. Confabulation and the frontal systenstrategic versus
associative retrieval in neuropsychological theogémemory. In HL Roediger & FI
Craik (Eds.),Varieties of memory and consciousness: Essays mouroof Endel
Tulving (pp. 133-160). Hillsdale NJ : Lawrence Erlbaum Asates, 1989.

208



Moscovitch M. Confabulation. In DL Schacter (EdMiemory distortion:
How minds, brains, and societies reconstruct thst (226-251). Cambridge, MA:
HarvardUniversity Press, 1995.

Moscovitch M and Melo B. Strategic retrieval and frontal lobes: evidence
from confabulation and amnesitleuropsychologia35: 1017-1034, 1997.

Moulton ST and Kosslyn SM. Imagining predictionsemtal imagery as
mental emulationPhilosophical Transactions of the Royal Society3B4: 1273-
1280, 20009.

Murphy KJ, Troyer AK, Levine B, and Moscovitch Mpisodic, but not
semantic, autobiographical memory is reduced in estim mild cognitive
impairment.Neuropsychologiagd6: 3116-3123, 2008.

Nestor PJ, Graham KS, Bozeat S, Simons JS, and é30dg. Memory
consolidation and the hippocampus: Further evidenftem studies of
autobiographical memory in semantic dementia andtél variant frontotemporal
dementiaNeuropsychologiad0: 633—-654, 2002.

Novelli G, Papagno C, Capitani E, Laiacona M, Cafpaand Vallar G. Tre
test clinici di memoria verbale a lungo termine.rafara su soggetti normali.
Archivio di Psicologia, Neurologia e Psichiatrid7(2): 278-296, 1986.

Nyberg L, Kim ASN, Habib R, Levine B, and Tulving Eonsciousness of
subjective time in the braifProceedings of the National Academy of Sciencéseof
United States of Americd07(51): 22356-22359, 2010.

Okuda J, Fujii T, Ohtake H, Tsukiura T, Tanji K,zblki K, Kawashima R,
Fukuda H, Itoh M, and Yamadori A. Thinking of thedre and the past: The roles of
the frontal pole and the medial temporal loldsuroimage19(4): 1369-1380, 2003.

Petersen RC, Doody R, Kurz A, Mohs RC, Morris J@biRs PV Ritchie K,
Rossor M, Thal L, and Winblad B. Current conceptsnild cognitive impairment.
Archives of Neurology68: 1985-1992, 2001.

Petersen RC, Smith GE, Waring SC, Ivnik RJ, Targ&G, and Kokmen E.
Mild cognitive impairment: Clinical characterizatioand outcome Archives of
Neurology 56: 303-308, 1999.

Petersen RC and Negash S. Mild cognitive impairm@&ntoverview.CNS
Spectrumsl3: 45-53, 2008.

Piolino P, Desgranges B, Benali K, and EustachEgdisodic and semantic
remote autobiographical memory in ageikigmory 10: 239-257, 2002.

Prabhakaran V, Smith JAL, Desmond JE, Glover GH| &abrieli JDE.
Neural substrates of fluid reasoning: an fMRI stafiyneocortical activation during

209



performance of the Raven’s progressive matrices @agnitive Psycholog)gd3: 43-
63, 1997.

Race E, Keane M, and Verfaellie M. Medial tempdodle damage causes
deficits in episodic memory and episodic futurenkimg not attributable to deficits in
narrative constructiongournal of Neuroscien¢cg1(28): 10262-10269, 2011.

Randolph C, Tierney MC, Mohr E, and Chase TN. Té¢peatable battery for
the assessment of neuropsychological status (RBAPpIBminary clinical validity.
Journal of Clinical and Experimental Neuropsychglog0(3): 310-319, 1998.

Rosen VM and Engle RW. The role of working memaaparcity in retrieval.
Journal of Experimental Psychology: Genet#6: 211-227, 1997.

Rosenbaum RS, Stuss DT, Levine B, and Tulving Eeofy of mind is
independent of episodic memoBcience318: 1257, 2007.

RosenbaumRS, Gilboa A, Levine B, Winocur G, and Moscovitch. M
Amnesia as an impairment of detail generation andiihg: Evidence from personal,
fictional, and semantic narratives in K.QNeuropsychologia47(11): 2181-2187,
2009.

Rosenbaum RS, Carson N, Abraham N, Bowles B, KwarKéhler S,
Svoboda E, Levine B, and Richards B. Impaired ewegiinory and recollection in a
case of developmental amnesigurocasel7(5): 394-409, 2011.

Rowe J, Stephan KE, Friston K, Frackowiak R, Leesard Passingham R.
Attention to action in Parkinson’s disease: impaiedfective connectivity among
frontal cortical regionBrain, 125: 276-289, 2002.

Samarasekera SR, Vincent A, Welch JL, Jackson hdls P, and Griffiths
TD. Course and outcome of acute limbic encephahiih negative voltage-gated
potassium channel antibodiekurnal of Neurology, Neurosurgery and Psychiatry
78(4): 391-394, 2007.

Schacter DL, Norman K, and Koutstaal W. The cogaitheuroscience of
constructive memoryAnnual Review of Psychologi9: 289-318, 1998.

Schacter DL and Addis DR. The cognitive neuros@ené constructive
memory. Remembering the past and imagining the rdutdPhilosophical
Transactions of The Royal Society32(1481): 773-778, 2007a.

Schacter DL and Addis DR. The ghosts of past amarduNature 445(4):
27,2007b.

Schacter DL and Addis DR. On the constructive eptssimulation of past
and future eventsBehavioural and Brain Science30(3): 331-332, 2007c.

210



Schacter DL, Addis DR, and Buckner RL. Remembetirggpast to imagine
the future: the prospective braMature Review Neurosciends 657-661, 2007.

Schacter DL, Addis DR, and Buckner RL. Episodic wdation of future
events. Concepts, data, and applicatiohsnals of the New York Academy of
Sciencesl124: 39-60, 2008.

Schacter DL and Addis DR. On the nature of med&hgoral lobe
contributions to the constructive simulation of ui events. Philosophical
Transactions of the Royal Society B: BiologicakeBces364: 1245-1253, 2009.

Snowden JS, Griffiths HL, and Neary D. Semanticseg@ic memory
interactions in semantic dementia: Implications fetrograde memory function.
Cognitive Neuropsycholog$3: 1101-1137, 1996.

Spreng RN, and Levine B. The temporal distributmnpast and future
autobiographical events across the lifespdemory and Cognition34: 1644-1651,
2006.

Squire LR, van der Host AS, McDuff SGR, Frascing Bopkins RO, and
Mauldin KN. Role of the hippocampus in rememberihg past and imagining the
future. Proceedings of the National Academy of SciencethefUnited States of
Americg 107(44): 19044-19048, 2010.

Squire LR, McDuffb SG, and Frascino JC. Reply togMiee and Hassabis:
autobiographical memory and future imaginingroceedings of the National
Academy of ScienceB08(11):40, 2011.

Suddendorf T and Corballis MC. Mental time travetlahe evolution of the
human mindGenetic, Social & General Psychology Monograptia3(2): 133-167,
1997.

Suddendorf T. Foresight and evolution of the humamd. Science
312(5776): 1006-1007, 2006.

Suddendorf T and Corballis MC. The evolution ofefsight: What is mental
time travel, and is it unique to humar®&havioural and Brain Science30(3): 299-
351, 2007.

Suddendorf T, Addis DR, and Corballis MC. Mentahdi travel and the
shaping of the human minBhilosophical Transactions of The Royal Societg@L:
1317-1324, 20009.

Suddendorf T. Episodic memory versus episodic fghgs similarities and
differencesWiley Interdisciplinary Reviews Cognitive Sciente99-107, 2010.

211



Summerfield JJ, Hassabis D, and Maguire EA. Difide¢ engagement of
brain regions within a ‘core’ network during scesanstructionNeuropsychologia
48(5): 1501-1509, 2010.

Szpunar KK, Chan JC, and McDermott KB. Contextpabcessing in
episodic future thoughCerebral Cortex19: 1539-1548, 2009.

Szpunar KK. Episodifuture thought : an emerging conceperspectives on
Psychological Scien¢g®&(2): 142-162, 2010.

Szpunar KK. On subjective tim€ortex 47(3): 409-411, 2011.

Szpunar KK, Watson JM, and McDermott KB. Neural dtdtes of
envisioning the futureProceedings of the National Academy of Scient@4; 642-
647, 2007.

Szpunar KK and McDermott KB. Episodic future thotighd its relation to
remembering: Evidence from ratings of subjectivpesience.Consciousness and
Cognition 17: 330-334, 2008.

Talland GA.Deranged memoryNew York: Academic Press, 1965.

Thaiss L and Petrides M. Autobiographical memory tloé recent past
following frontal cortex or temporal lobe excisiong&€uropean Journal of
Neuroscienceg28: 829-840, 2008.

Thomas AK, Bulevich JB, and Loftus EF. Exploring ttole of repetition and
elaboration in the imagination inflation effeMemory and Cognition31: 630-640,
2003.

Tolman EC, Ritchie BF, and Kalish D. Studies in tealearning. .
Orientation and the short-cuiburnal of Experimental Psycholgd6: 13-24, 1946.

Trope Y and Liberman N. Temporal construdsychological Reviewl10:
403-421, 2003.

Tulving E. Episodic and semantic memory. In Tulviagand Donaldson W
(Eds.).Organization of memoryNew York: Academic Press, 381-403, 1972.

Tulving E. Memory and consciousne€zsnadian Psychology26(1): 1-12,
1985.

Tulving E. Episodic memory: From mind to braiAnnual Review of
Psychology53: 1-25, 2002.

Wheeler MA, Stuss DT, and Tulving E. Toward a tlyemirepisodic memory:

the frontal lobes and autonoetic consciousnesgchological Bulletin121(3):331-
354, 1997.

212



Williams JMG, Ellis NC, Tyers C, Healy H, Rose (adaMacLeod AK. The

specificity of autobiographical memory and imagégbof the future.Memory and
Cognition 24(1): 116-125, 1996.

Zeman AZJ, Beschin N, Dewar MT, and Della Sala ®adining the

present:amnesia may impair descriptions of theemteas well as of the future and
the pastCortex submitted.

213



Appendix A

The modified version of the MCQ questionnaire (se®’Argembeau & van der

Linden, 2004).

Visual detalils: 1 2 3 4 5 6
No one A lot
Sounds: 1 2 3 4 5 6 7
No one A lot
Smells/Tastes: 1 2 3 4 5 8
No one A lot
Clarity of location: 1 2 3 4 56 7
Vague Clear
Clarity of spatial arrangement of objects: 1 3 4 5 6 7
Vague Clear
Clarity of spatial arrangement of people: 1 3 4 5 6 7
Vague Clear

Clarity of temporal connotation of theevent: 2 3 4 5 6 7

Vague Clear
Clarity of the event overall: 1 2 3 4 6 7
Vague Clear
Feeling of experiencing the event: 1 2 383 5 6 7
No one Strong
How often do you have experienced in the
past the same or a very similar event? 1 2 4 5 6 7
Never Very often
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