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Abstract 
 
 

It is now a well-established finding that our capacity to imagine future events relies on our 

capacity to remember our past. Both abilities rely on a common core network of brain regions, 

including medial prefrontal, parietal and temporal cortices. More recently however, neuroimaging, 

neuropsychological and behavioural studies have revealed important differences between past and 

future events. One particularly striking finding is that the hippocampus, a region traditionally 

associated with memory, is preferentially engaged for future event simulation as compared to past 

event recall. It remains the centre of current debate what cognitive differences between past and future 

events this increased hippocampal activation may reflect. A key difference that has received very little 

attention is novelty. By their nature, simulations of imaginary future events are more novel than past 

events in that they are new mental constructions (contextual novelty), but they may also be 

implausible and dissimilar from past experiences (categorical novelty).   

The studies in this thesis investigate, by means of fMRI and new behavioural methods, 

whether contextual and categorical novelty constitute a crucial difference between the past and future 

events. Study 1 reveals that the contextual novelty of future events gives rise to several differences in 

event construction processes as compared to past events. Specifically, contextually novel future 

events take longer to construct and contain fewer details than past events, and interestingly, some of 

these effects were intensified for categorically novel future events relative to more plausible ones. 

Study 2 demonstrates that contextual novelty is associated with increased hippocampal activation and 

connectivity in future event simulations. This finding may explain some of the incongruent findings in 

the literature, particularly given studies where the contextual novelty of events may have been may 

have decreased due to pre-imagined future events. Study 3 further examines the construct of 

categorical novelty, demonstrating that categorically novel future events contain more disparate 

details and are less plausible, and that plausibility estimations were based on the fluency with which 

the events were constructed. It is also demonstrated that categorically novel future events are less 

memorable due to their lack of similarity to past events. Together, these findings expand our 

knowledge of the nature of future event simulations, and what makes them unique. 
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Chapter 1. General Introduction 

 

'I'm sure mine only works one way,' Alice remarked. 'I can't remember things before they happen.' 

'It's a poor sort of memory that only works backwards,' the Queen remarked. 

(Carroll, 1865, p. 87) 

 

1.1 Introduction 

 

Simulating scenarios that may happen in the future is something we all do on a very regular 

basis. In fact, we all daydream, plan and imagine throughout the day – we spend about one third of 

every day simulating various aspects of our lives (Klinger & Cox, 1987). Despite its apparent 

mundanity, we cannot but wonder what this capability to imagine alternative or prospective realities 

is. To be able to imagine what may come in some reasonable way, we must have some idea of what 

has happened in the past. So, to investigate imagination, we can start by looking at memory.  

Episodic memory, or the ability to remember events from one’s personal past was first 

explicitly linked to imagining future events by Endel Tulving (Tulving, 1985a). Tulving proposed that 

episodic memory was a necessary requirement for what he called “mental time travel”, the ability to 

displace oneself mentally through time (Tulving, 1985b). This idea has recently attracted a great deal 

of attention in both psychology and neuroscience (for overviews, see Atance & O'Neill, 2001; 

Schacter, Addis, & Buckner, 2008; Szpunar, Watson, & McDermott, 2007). The basic premise of 

much of this research is that the ability to simulate personal future events relies on the ability to 

remember the past (Suddendorf & Corballis, 2007; Szpunar & McDermott, 2008b), in that future 

event simulation uses the elements of remembered events (such as persons, locations, objects, etc.) as 

building blocks to construct a plethora of possible future scenarios (Schacter & Addis, 2007). 

Furthermore, future events also contain many of the same elements (and the associated cognitive 

processes) of memories such as visuospatial imagery, perspective, and a sense of self and of 

subjective time. 
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 Evidence for the conceptualisation of episodic memory as a supportive system for future 

event imagination initially came from neuropathological studies, which showed that patients who had 

an impaired ability to remember their past had a parallel deficit in imagining their future (Tulving, 

1985b; Williams et al., 1996). These findings were later supplemented with evidence from functional 

neuroimaging studies, in which it was observed that remembering the past and imagining the future 

are supported by common regions in the brain (e.g., Addis, Wong, & Schacter, 2007; Okuda et al., 

2003; Szpunar et al., 2007). Furthermore, the phenomenological features of both remembering the 

past and imagining the future are similarly influenced by factors such as temporal distance from the 

present (D'Argembeau & Van der Linden, 2004) and individual differences such as capacity for visual 

imagery (D'Argembeau & Van der Linden, 2006). 

 However, an increasing number of experimental behavioural and neuroimaging studies are 

now showing that there are also differences between past and future thought. Memories typically 

contain greater sensory and contextual detail than future events imaginings (D'Argembeau & Van der 

Linden, 2004, 2006), whereas future events are generally rated as more difficult to generate than past 

events (Arnold, McDermott, & Szpunar, 2011b; Hassabis, Kumaran, & Maguire, 2007). These 

behavioural differences between past and future are accompanied by differences in neuronal 

activation: The frontopolar cortex and hippocampus are preferentially engaged for future thought 

(Addis et al., 2007; Okuda et al., 2003; Szpunar et al., 2007). The hippocampus, a medial temporal 

lobe (MTL) structure, is particularly interesting in this regard, as it has traditionally been considered 

to be a quintessential memory structure (Eichenbaum, 2001b). Such findings raise the question as to 

what is unique about future event simulation that differentiates it from remembering the past and that 

recruits the hippocampus.  

One crucial difference between past and future events that has not yet been investigated directly 

is novelty. Firstly, while past event recall merely involves the retrieval of a previously constructed 

event, future event simulation requires a novel event to be constructed. Secondly, future events can be 

novel in that they can be very dissimilar from previous events. This difference is reflected in 

plausibility: While past events have already happened and are therefore in a tautological way 

plausible, future events can differ in their degree of plausibility. These two novelty differences mirror 
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differences in contextual and categorical novelty, respectively (Blackford, Buckholtz, Avery, & Zald, 

2010). Contextual novelty constitutes the difference between items or associations that have 

repeatedly occurred and those that have not, whereas categorical novelty constitutes the difference 

between items or associations that are common, and those that are not. There is some preliminary 

evidence to suggest that novelty may play a role in future event simulation. For example, differential 

hippocampal activation for future events relative to past events typically occurs during the initial part 

of the trial (Addis et al., 2007), when novelty is at its highest. However, the effects of contextual and 

categorical novelty on future event simulation have not yet been investigated systematically.  

It is the aim of this thesis to further elucidate the effects of both contextual and categorical 

novelty on the phenomenology and neural underpinnings of future event simulations. Study 1 will 

investigate the influence of contextual novelty on future events relative to past events. The effects of 

contextual novelty on the phenomenology of past and future events will be examined through a 

repetition suppression paradigm, in which past and future events will be generated repeatedly, 

allowing for a contrast between contextually novel and repeated events. In addition, plausibility 

ratings for future events will be collected, allowing for a comparison of categorically novel and more 

common future events. Study 2 utilises functional magnetic resonance imaging (fMRI) in combination 

with a repetition suppression paradigm (as in Study 1) to examine the role of the hippocampus and 

related neural structures in the contextual novelty of future events. Finally, Study 3 investigates the 

effect of categorical novelty on the phenomenology of future events with a new paradigm that 

manipulates the disparateness of details, a factor previously suggested to influence the categorical 

novelty of future events (Weiler, Suchan, & Daum, 2010a).  

The remainder of this chapter explores how episodic future simulation is situated with respect 

to other memory systems in the brain, and in particular with episodic memory (see Figure 1.1). There 

will be a particular focus on the similarities and differences between recalled past and imagined future 

events. Previous research that supports the idea that contextual and categorical novelty might 

differentiate future imagination from past recall will also be discussed. 
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Figure 1.1: Overview of this chapter, representing episodic memory and episodic future simulation in the mind. On the left, the position of episodic memory with 
respect to other memory systems is shown, followed by the content of episodic memories, and associated memory processes. On the right, episodic future simulation 
is situated as part of a core system that also includes episodic memory. Episodic future simulation may be associated uniquely with two novelty types, which are 
associated with several underlying processes. Subparts of the figure are denoted by the section number of this chapter which will elaborate on these parts. 
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1.2 Episodic Memory 

 

1.2.1 Episodic memory and semantic memory 

In his seminal paper in 1972, Endel Tulving introduced a new conceptualization of declarative 

memory. Declarative memory (also known as “explicit” memory) refers to long-term memory that is 

consciously accessible, as opposed to non-declarative memory (“implicit” memory), which is not. 

Tulving proposed that declarative memory could be further divided into episodic memory and 

semantic memory (Tulving, 1972). This proved to be a useful framework for memory researchers and 

it has since been embraced by the field (Schacter & Tulving, 1994). 

Episodic memory receives and stores information about personally experienced events that 

have a specific spatial and temporal context, as well as the relationships between these events 

(Tulving, 1993). Semantic memory on the other hand pertains to concepts and facts about the world 

and the representations are abstract; the situations, objects and relations do not need to be present to 

senses at the time of retrieval, and can be described in propositional form (Tulving, 1993). Crucially, 

the retrieval of episodic memories is accompanied by a subjective temporal experience – termed 

‘autonoetic consciousness’ – which is not present during the retrieval of semantic memories (Tulving, 

1993, 1995; Tulving & Lepage, 2000; Wheeler, Stuss, & Tulving, 1997). This subjective temporal 

experience reflects the awareness of an individual that an event is a part of one’s own past experience 

(‘autonoetic consciousness’), and it allows individuals to re-experience their past events (Tulving, 

1985a). Semantic memory on the other hand is suggested to be accompanied by ‘noetic 

consciousness’, which allows an individual to be aware of objects and events (and relations among 

these objects and events) and cognitively operate on them, even when these objects and events are not 

currently present (Tulving, 1985b). Crucially however, noetic consciousness does not involve the 

recollection of the time that the memory that was formed; it lacks the ‘reliving’ that typically 

accompanies episodic memory retrieval.  

Episodic memory is conceptualised by some researchers as synonymous with autobiographical 

memory (e.g., Nyberg et al., 1996), while for others, autobiographical memory is suggested to entail 

an integration of semantic and episodic memory (Cabeza & St Jacques, 2007; Conway & Pleydell-
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Pearce, 2000). Autobiographical memory is not a separate entity, but rather refers to the conscious 

recollection of any personally relevant information (Conway & Pleydell-Pearce, 2000). Thus, 

autobiographical includes personal semantic information, but also personally experienced events, 

which are generally autobiographical (Tulving, 1972). In this thesis, the term episodic memory will 

refer to personally experienced, autobiographical events, as distinguished from personal and general 

semantic memory.  

Tulving (1983) defined the episodic and semantic memory systems in terms of functionally 

distinct, though overlapping, mind-brain systems. Through neuropsychological studies and functional 

neuroimaging techniques such as fMRI and electroencephalography (EEG), researchers have been 

able to confirm that there is indeed some dissociation between episodic and semantic memory in the 

brain (e.g., Graham, Lee, Brett, & Patterson, 2003). These neuroimaging techniques allow us to 

examine which brain regions are active for episodic memory and which for semantic memory. This 

thesis utilises fMRI, which makes use of the difference in oxygenation level between regions involved 

in a cognitive task and those are not involved, or at least not to the same degree. fMRI relies on the 

assumption that, when brain regions are engaged in a certain task, active neurons use up oxygen and 

need to be supplied with new oxygen, thus changing the oxygenation level in the blood (Huettel, 

Song, & McCarthy, 2004). This change in oxygenation level gives rise to differences in the magnetic 

signal (the blood oxygenation level dependent (BOLD) effect) which are measured by the fMRI 

scanner.  

With these techniques, neuroimaging studies have delineated two separate networks for 

episodic and semantic memory: while semantic retrieval is associated with activity in the left inferior 

prefrontal cortex (PFC), right lateral temporal and left posterior temporal areas (Addis, McIntosh, 

Moscovitch, Crawley, & McAndrews, 2004; Graham et al., 2003), episodic retrieval is linked to right 

dorsolateral PFC and left-lateralised activity in the MTL and MPFC, temporopolar areas, retrosplenial 

cortex (RSC), and cerebellum (Gilboa, 2004; Graham et al., 2003; Maguire, 2001). In terms of 

neuropsychological studies, researchers have found that patients with MTL lesions (such as in 

Alzheimer’s disease) are typically impaired on tasks involving episodic memory but not semantic 

memory (Hirano & Noguchi, 1998; Vargha-Khadem et al., 1997), whereas patients with semantic 
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dementia (involving frontotemporal degeneration) usually have severe semantic memory loss, with a 

relatively spared episodic memory (Graham et al., 2003; McKinnon, Black, Miller, Moscovitch, & 

Levine, 2006; though for caveats see Irish et al., 2012). 

However, there seems to be some overlap between semantic and episodic memories too: (i) 

they can both be autobiographical (Levine et al., 2004), (ii) episodic memories generally contain 

factual, semantic information (Gilboa, 2004; Levine, Svoboda, Hay, Winocur, & Moscovitch, 2002), 

(iii) semantic information might not be entirely context-free and may be connected to some particular 

episodic memories, even if sometimes these are degraded and lack detail (Gilboa, 2004; Westmacott, 

Black, Freedman, & Moscovitch, 2004). Thus, recent research indicates more of an interaction 

between these two systems rather than two purely distinct processes (see also, Burianova, McIntosh, 

& Grady, 2010). 

 

1.2.2 Contents of episodic memories 

The content of episodic memories is multifaceted: there is some representation of the self, 

taking part in the episode, and the associated perspective or frame of reference; the scene will contain 

of visual imagery and contextual details; and all of this is possibly supported by a narrative. In 

addition to autonoetic consciousness, the awareness of oneself in time, one needs a sense of that 

subjective time for episodic memory to function. The concept of subjective time is a bit of a puzzle: In 

an almost paradoxical way, the act of remembering presupposes a sense of time (James, 1890), but 

our subjective experience of time itself is held to be a construction of memory (Friedman, 1993). The 

concepts of memory and time are thus interdependent, and cannot be separated completely from each 

other (Klein, Loftus, & Kihlstrom, 2002). This concept of time (i.e., that required for mental time 

travel) cannot defined in terms of ‘clock and calendar’ time, but must necessarily be defined in terms 

of the individual’s mind (Szpunar, 2011). The sense of subjective time has also been called 

‘chronesthesia’. The difference between autonoetic awareness and chronesthesia seems to lie 

primarily in the emphasis: for chronesthesia, the emphasis lies in the awareness of subjective time in 

which one’s self exists, while autonoetic consciousness emphasises awareness of one’s self in 

subjective time.  
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To date, only one neuroimaging study has directly investigated subjective time in the brain 

(Nyberg, Kim, Habib, Levine, & Tulving, 2010). In this study, participants imagined walking a 

familiar path in the past, present and future. The logic behind the experiment was that contrasting the 

imagining of walking the path in the past and future with imagining walking it in the present would 

reveal brain regions active for the subjective time of the imagined activity (all other things being 

equal). Thus, it is assumed that imagining the present has no (or an inferior) aspect of subjective time. 

Left lateral parietal cortex, left PFC and right cerebellum and thalamus were found to be preferentially 

engaged for imagined past and future events relative to imagined present events. It was suggested by 

the researchers that these regions might be engaged in particular for mental time travel and 

transformations in subjective time, although this function was not further specified. A major 

methodological issue of this study, however, is that only five participants, all of whom were female, 

took part. To gain sufficient power to test one’s hypothesis, and to be able to generalise the results to 

the general population, more participants of both sexes are required (Friston, Holmes, & Worsley, 

1999). Furthermore, it is not directly clear that imagining walking a familiar path in various temporal 

settings is an ecologically valid sample of past and future thinking versus atemporal thinking (or 

imagining without subjective time), nor that imagining something in the present delineates a lack of 

subjective time.  

Some other evidence for subjective time in the brain comes from the neuropsychology 

literature, involving cases of people with damage to the PFC who have impairments in their capacity 

to think about one’s continued existence (Wheeler et al., 1997), as in patients with schizophrenia 

(D'Argembeau, Raffard, & Van der Linden, 2008; Danion et al., 2005). Others have implicated the 

MTL in subjective time (Dalla Barba & Boissé, 2010). Alternatively, some have suggested that 

subjective time is not a separate capacity in the brain, but rather an attribution given to memories as a 

means of maintaining some level of organization of our memories (Hassabis & Maguire, 2007; 

Jacoby, 1984). Although both autonoetic consciousness and subjective time are presumed to be part of 

episodic memory, it is not clear whether they can be meaningfully separated each other nor from other 

processes such as a sense of self.  
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A sense of self is also fundamental to any kind of introspective activity, and is crucial in 

autobiographical tasks, which by definition refer to the subjective self. The self or one’s identity can 

be conceived in a variety of ways: the self may based on (autonoetic) awareness, on a sense of 

temporal continuity, on memories of past experiences and facts that we know about ourselves and our 

lives, or on personality (traits), core beliefs and attitudes (for a review, see Klein, 2010). 

Numerous recent neuroimaging studies investigating self-processing have implicated foremost 

the medial PFC (MPFC) (Gusnard, Akbudak, Shulman, & Raichle, 2001), but also the posterior 

cingulate cortex (PCC) and precuneus (for reviews, see Heatherton, 2011; Northoff et al., 2006). In 

these studies, increased activation is found for these regions when the processing of information about 

self is compared to the processing of information about other people. Regions within MPFC have 

been further functionally specified in terms of perspective taking: D’Argembeau et al. (2007) found 

that while self-referential processing (i.e., making judgments about the self versus another person) 

activated the ventral MPFC (VMPFC) and anterior dorsal MPFC (DMPFC), perspective taking (i.e., 

adopting another person’s perspective rather than one’s own when making judgments) activated the 

posterior DMPFC. Recent work has however provided a different take on this research: Qin and 

Northoff (2011) contrasted self-processing with the processing of familiar items, and found that while 

MPFC and PCC were activated for both self-specific and familiar stimuli, the perigenual anterior 

cingulate cortex was specifically involved in self-processing as compared to familiar or other items. 

These findings suggest that the MPFC is in fact involved with processing information which is really 

familiar - including, unsurprisingly, self-relevant stimuli. Differential activity in perigenual anterior 

cingulate cortex on the other hand does suggest a distinction between self and familiarity in the brain, 

and future research will have to further refine this fine-grained conceptualisation. 

Additional research on perspective-taking has implicated a role for the RSC. When imagining 

events, one might have an egocentric or ‘field’ perspective (seeing the scene through one’s own eyes) 

or an allocentric or ‘observer’ perspective (seeing oneself in the scene, as from a bird’s eye view). The 

RSC has been suggested to support the ‘spatial updating’ or translating between egocentric and 

allocentric frames of reference, during memory recall, imagery and navigation (Burgess, 2006). This 

is consistent with other findings that RSC is consistently engaged by spatial navigation tasks, 
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including mental navigation, passive viewing of navigation footage and interactive navigation in 

virtual-reality environments (see for reviews Burgess, Maguire, & O'Keefe, 2002; Epstein, 2008; 

Vann, Aggleton, & Maguire, 2009). Interestingly, memories recalled from a field perspective tend to 

be more emotional and more recent compared to those recalled from an observer perspective (Nigro & 

Neisser, 1983; Robinson & Swanson, 1993). In addition, narratives associated with field perspectives 

contain more information about the episodic aspects of the event, such as particular sensations or 

motivations, but less information about semantic aspects than narratives associated with an observer 

perspective (McIsaac & Eich, 2002).  

Aside from a concept of the self and a particular frame of reference or perspective, personal 

episodic memories comprise a varying number of details, including visual and spatial imagery. 

Visuospatial imagery in episodic autobiographical memory engages a number of regions, such as the 

occipital regions, parahippocampal regions, and the posterior parietal cortex (including PCC, RSC, 

cuneus and precuneus) (for a meta-analysis, see Svoboda, McKinnon, & Levine, 2006). Although the 

role of most regions comprising the posterior parietal cortex in autobiographical memory is not yet 

fully understood, it has been suggested the PCC is involved in the recollection of personally familiar 

places and objects due to its involvement in spatial context (Sugiura, Shah, Zilles, & Fink, 2005). The 

precuneus is thought to mediate spatial working memory and visuospatial imagery (Cavanna & 

Trimble, 2006; Fletcher, Frith, et al., 1995) and its activity correlates with ratings of richness of 

reliving, or vividness (Gilboa, Winocur, Grady, Hevenor, & Moscovitch, 2004). The posterior 

networks of the temporal and occipital lobes, predominantly in the right hemisphere, have been 

identified as the base for the sensory-perceptual details comprising representations of specific events 

(Conway, Pleydell-Pearce, & Whitecross, 2001). Furthermore, elaborating or fleshing out the details 

of episodic memories is typically associated with late occipital activity (rather than the initial 

retrieval), and this activity correlates with ratings of feelings of reliving the event (i.e., reflecting 

vividness) (Daselaar et al., 2008). Indeed, visual cortex damage can result in distinct retrograde 

autobiographical memory deficits (for a review, see Greenberg & Rubin, 2003).  

Consistent with these findings, generating images from an autobiographical memory (e.g., “my 

first car”) compared with those of a semantic memory (e.g., “a red sport car”) has been found to yield 
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greater activation in cuneus, precuneus and parahippocampal regions (Gardini, Cornoldi, De Beni, & 

Venneri, 2006), which suggests that these regions are involved in episodic memory retrieval and 

imagery. Additional contextual or semantic details are frequently retrieved to support the 

autobiographical memory (Wheeler, Petersen, & Buckner, 2000), reflected by activation in the lateral 

temporal regions (Graham et al., 2003) and inferior frontal gyrus (IFG)(Conway, Pleydell-Pearce, 

Whitecross, & Sharpe, 2003).  

Lastly, recalling a memory may be accompanied by an internal dialogue or narrative (Rubin, 

Schrauf, & Greenberg, 2003; Rubin, Thompson, Herrmann, & Bruce, 1998). The temporal poles have 

been previously implicated in the cortical representation of speech, for example when subjects 

listened to stories (Mazoyer et al., 1993) or read stories in silence (Fletcher, Happe, et al., 1995). In 

addition, the left hippocampus may be involved in storing relationships between linguistic entities in 

the form of narratives (Burgess et al., 2002). 

 

1.2.3 Processes in episodic memory system 

Episodic memories, complete with perspective, imagery and possibly narrative, need to be 

encoded, stored and retrieved if they are to persist through time. These tasks are achieved by the 

episodic memory system. In addition, executive processes are available to aid with the search during 

recall when necessary, and to support task monitoring and search evaluation.  

Encoding is crucial if information is to be of later use. Neuroimaging and behavioural studies 

utilise memory tests to assess the rate of successful encoding, allowing researchers to compare items 

that were encoded successfully with those that were not. Encoding-related activity is generally found 

in MTL, with different types of encoding supported by different subregions: the anterior hippocampus 

is engaged for associative encoding (the encoding of relations or associations), the perirhinal cortex 

for item encoding and the parahippocampal gyrus for contextual encoding (Davachi, 2006). 

Subregions of the PFC also contribute to encoding: the ventrolateral PFC is involved in the selection, 

maintenance and control of incoming information, whereas the dorsolateral PFC organises that 

information, which enhances associative encoding (Blumenfeld & Ranganath, 2007). Moreover, 

encoding can occur intentionally or incidentally; it is currently not clear what determines what will be 



12 
 

encoded into memory, though the degree to which the participant’s attention is captured and the 

novelty of an event seem to be of influence (Ranganath & Rainer, 2003).  

A recent meta-analysis making use of activation likelihood estimation showed that the most 

significant clusters for encoding success across 26 studies were found in the left dorsolateral and 

ventrolateral PFC, as well as the anterior hippocampus, parahippocampal gyrus and occipitotemporal 

areas (Spaniol et al., 2009). Of these regions, left IFG, occipitotemporal regions and the anterior 

hippocampus were among the most strongly activated regions activated for encoding success when 

contrasted with retrieval success. This result is in line with a proposed encoding-retrieval distinction 

along the anterior-posterior axis of the hippocampus (Lepage, Habib, & Tulving, 1998; Schacter & 

Wagner, 1999), which contends that the anterior hippocampus is active for encoding relative to 

retrieval, and the posterior hippocampus for retrieval relative to encoding (see also, Prince, Daselaar, 

& Cabeza, 2005). A part of the role of the hippocampus in encoding is pattern separation 

(McNaughton & Morris, 1987), likely supported by the hippocampal subfield CA1 (Kumaran & 

Maguire, 2009). Pattern separation refers to the process by which inputs are orthogonalised, to 

minimise the interference between similar memories, though it is not yet clear exactly how this 

separation is achieved (possibly by a certain method of coding, supported by the dentate gyrus in the 

hippocampus, see McClelland, McNaughton, & Oreilly, 1995).  

In order to endure over time, encoded information must undergo a consolidation process. At a 

lower level, this means that fast morphological changes, such as the restructuring of existing synaptic 

connections and the growth of new synaptic connections are needed for the stabilization of memories 

(Dudai, 2004). At a higher level, consolidation in the brain regions is reflected by slower changes. 

There are three major theories as to how this higher-level consolidation might take place: (1) standard 

reconsolidation theory; (2) multiple-trace theory; and more recently, (3) transformation hypothesis.  

In the standard reconsolidation theory, it is proposed that memory consolidation initiates when 

information which is registered by the neocortex is integrated or bound by the hippocampus to form a 

memory trace (Dudai, 2004; Squire & Alvarez, 1995). Over a period of time, the contribution of the 

hippocampus diminishes, until the neocortex is capable of maintaining and retrieving the memory 

trace, independent of the hippocampus. According to the multiple trace theory (Nadel & Moscovitch, 
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1997) on the other hand, memories stay dependent on the hippocampus, which contains pointers to the 

relevant neocortical neurons. In doing so, the hippocampus mediates the reactivation and reintegration 

of the details comprising the autobiographical memory stored in the neocortex. Every time that a 

memory is retrieved, a new memory trace is created, mediated by the hippocampus. Thus, older 

memories are represented by more or stronger memory traces than new memories. Lastly, the 

transformation hypothesis, recently proposed by Winocur and Moscovitch (2011), extends multiple 

trace theory to suggest that as memories lose details and contextual features – a process called 

‘semanticization’ or ‘schematization’ – they become more dependent on extra-hippocampal 

structures. Memories that retain contextual details continue to be represented in the hippocampus.  

Finally, an encoded and consolidated memory may be retrieved at a later stage. It is argued that 

successful retrieval occurs when two conditions are met (Tulving, 1983): the system is in ‘retrieval 

mode’, and the appropriate retrieval cue (self-generated or external) is present. The retrieval mode is 

hypothesised to be a neurocognitive set when one’s personal past is in focal attention, and treats 

incoming information as retrieval cues for past events (Lepage, Ghaffar, Nyberg, & Tulving, 2000).  

Generally, two types of retrieval are distinguished: direct and generative retrieval (Conway & 

Pleydell-Pearce, 2000), which has also been called associative and strategic retrieval, respectively 

(Moscovitch, 1992). Direct retrieval is a non-effortful process that involves the direct activation of 

relevant episodic information following a specific and personally-relevant cue. Generative retrieval 

follows from a generic cue and involves a more controlled and effortful retrieval of a memory. This 

form of retrieval includes an iterative search process, starting with generic information and finishing 

with increasingly more specific information that will give access to the relevant memory. Controlled 

retrieval processes are implemented by the left lateral PFC. Specifically, the ventrolateral PFC is 

involved in cue specification and controlled retrieval of information from posterior cortical regions, 

while the dorsolateral PFC manipulates the products of retrieval in working memory (Petrides, 2002, 

2005).  

In the aforementioned meta-analysis by Spaniol and colleagues (2009), a comparison of regions 

that are more active during successful retrieval than successful encoding implicated the left superior 

parietal cortex and precuneus, as well as bilateral dorsolateral PFC and anterior PFC (for reviews see 
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also Cabeza & St Jacques, 2007; Maguire, 2001; Svoboda et al., 2006). Posterior parietal regions are 

activated when individuals correctly recognise old, and correctly reject new information (Wagner, 

Shannon, Kahn, & Buckner, 2005; Woodruff, Johnson, Uncapher, & Rugg, 2005), and are thought to 

support the active representation of retrieved information, as well as attention to these internal 

representations (Wagner et al., 2005; Woodruff et al., 2005). More specifically, superior parietal 

regions are argued to track task relevance or cue salience (top-down attentional control), while the 

inferior parietal cortex mediates recollection (bottom-up attentional processes; Cabeza, 2008). 

Critically however, the brain regions that are implicated during memory retrieval are not only those 

associated with retrieval-related processes per se, as the retrieval of an episodic memory involves 

reinstatement of cortical activity elicited when the episode was originally experienced (Woodruff et 

al., 2005).  

While the hippocampus was not evident in the retrieval relative to encoding contrast in Spaniol 

et al.’s (2009) meta-analysis, it is well established that a functioning hippocampus is required for the 

retrieval of detailed episodic memories (for a review, see Moscovitch et al., 2005). Part of the role of 

the hippocampus in retrieval lies in pattern completion - when a partial input, such as a word cue, is 

transformed into the recall of an entire stored experience (e.g., the event that the word elicits), which 

is then expressed as the output (McClelland et al., 1995). This process is thought to occur in the CA3 

region of the hippocampus (Kumaran & Maguire, 2009; Vazdarjanova & Guzowski, 2004).  

Finally, retrieval is believed to be accompanied by monitoring implicated with the VMPFC 

(Gilboa, 2004), which results in a ‘feeling-of-rightness’ when a relevant memory is retrieved 

(Moscovitch & Winocur, 2002). A relevant memory is retrieved if it matches the search criteria. 

Damage in the VMPFC is associated with confabulation (Gilboa et al., 2006), in which patients are 

not able to distinguish feeling-of-rightness for true and for imagined or false memories, resulting in a 

failure in their post-retrieval monitoring. This has also been called a failure in ‘reality monitoring’ 

(Johnson & Raye, 1981). 

 



15 
 

1.2.4 Constructive nature of memory 

Feeling-of-rightness can signal that we have retrieved the right memory, and that this is the 

event we remember having experienced previously. There is, however, evidence that memories are 

not literal replays of the past, but rather dynamic representations that can change over time. Sir 

Frederic Bartlett was the first to argue that memory is a fundamentally (re)constructive rather than 

reproductive system (Bartlett, 1932). Drawing on experimental observations of particular errors and 

distortions in his participants’ recall of complex stories, Bartlett concluded that his participants rarely 

remembered stories literally. Rather, participants remembered the gist of the stories, and often 

reconstructed stories that would be likely given that gist, whilst incorporating elements they had 

remembered, even if some of these elements were inaccurate. Bartlett proposed that remembering 

likely involves piecing together details or fragments of stored information. This idea suggests that 

human memory does not work like a video camera that passively records experiences for later 

playback, but rather like an extensive multimedia archive, from which the parts are put together again 

in a piecemeal fashion.  

Additional compelling evidence for the constructive nature of memory comes from studies on 

memory distortions and false memories. If memories are reconstructed rather than literally replayed, 

there is an opportunity for errors and distortions, which are indeed commonly found for healthy 

individuals. For instance, in studies in which healthy individuals classify stimuli from a list of related 

words (e.g., pillow, night, dreams, bed) as either ‘old’ (previously presented) or ‘new’, participants 

often falsely recognise a non-presented but associated lure (e.g., sleep) as old, and do so with high 

confidence (for a review of these studies, see Gallo, 2010). The paradigm used in these studies is 

called the ‘Deese-Roediger-McDermott paradigm’ (Deese, 1959; Roediger & McDermott, 1995), and 

shows that participants frequently rely on the gist of the memory. Conjunction errors are another type 

of false memory and occur when individuals incorrectly combine parts of previously experienced 

memories into a new memory. These errors can also result from confusing (parts of) events that have 

actually happened with (parts of) events that were only imagined (for a review, see Schacter, Guerin, 

& St Jacques, 2011). 
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This conceptualisation of memory as a constructive system is further supported by findings that 

memories can be recalled from an ‘observer’ or third person perspective (i.e., as from a bird’s eye 

view) rather than a ‘field’ or first person perspective (Nigro & Neisser, 1983; Robinson & Swanson, 

1993). Recalling memories from an observer perspective indicates that a memory must have been 

constructed as it is generally not possible to see yourself and your surroundings from such a 

perspective when experiencing and encoding an event. 

Even though memory distortions may at first seem disadvantageous, they commonly occur in 

healthy memory systems and may even serve an adaptive role (Schacter & Addis, 2007; Suddendorf 

& Corballis, 2007). Memory may be adapted to retain information that is most likely to be needed in 

the future in the environment in which it operates (Anderson & Schooler, 1991). In fact, some 

researchers have suggested that information about past experiences is useful only to the extent that it 

allows us to anticipate what may happen in the future (Atance & O'Neill, 2001; Buckner & Carroll, 

2007; Suddendorf & Busby, 2005; Suddendorf & Corballis, 2007).  

 

1.3 Episodic Memory and Episodic Future Simulation 

 

So that imagination and memory are but one thing, which for diverse considerations hath 

diverse names.  

 (Hobbes, 1651 [1994], Leviathan 1.2) 

 

1.3.1 Similarities of episodic memory and episodic future simulation 

Tulving was the first to propose that episodic memory would be best conceptualised as one part 

of the more general capacity ‘mental time travel’; an ability which crucially includes the simulation of 

future events as well (Tulving, 1985b)1. In this thesis, the latter capability will be referred to as 

‘episodic simulation’ or ‘future event imagination’ (Schacter et al., 2008), though it has also been 

                                                      
1 Although philosophers such as Thomas Hobbes had already suggested an overlap between memory and 
imagination as early as the 17th century; see quote above. 
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called ‘episodic future thought’ (Atance & O'Neill, 2001; Szpunar, 2010), ‘foresight’ (Suddendorf & 

Corballis, 2007) and ‘prospection’ (Buckner & Carroll, 2007).  

Evidence that imagining future events parallels remembering past events first came from 

neuropsychological studies, where patients with deficits in recalling past events were found to have a 

parallel deficit in imagining future events (Klein et al., 2002; Tulving, 1985b). Tulving (1985b) 

describes the case of patient K.C., who had become amnesic following a head injury in a traffic 

accident. While K.C. is capable of recalling facts about his past, such as the names of the schools he 

went to, he cannot recall a single event or incident of his life. Crucially, this episodic memory deficit 

is paralleled in future thought: K.C. cannot think about what he might be doing tomorrow either. 

When asked to describe his state of mind when thinking about his personal past or future, he replies 

that for both cases it is “[a] same kind of blankness” (Tulving, 1985b, p. 4). This observation led 

Tulving to hypothesise that K.C. has noetic consciousness, but not autonoetic consciousness. 

Importantly, his deficit in remembering past events impacted imagining future events - a finding 

which since then has also been reported in other patients with retrograde amnesia (e.g., Dalla Barba, 

Cappelletti, Signorini, & Denes, 1997; Klein et al., 2002; see for a review Addis & Schacter, 2012). 

In many of these patients with episodic memory deficits, semantic knowledge appears to be 

spared, which may enable some forms of future thought. For instance, Klein and collaborators (2002) 

report that patient D.B. continued to have a capacity to anticipate events in the public domain that was 

indistinguishable from that of neurologically healthy age-matched controls, suggesting that this type 

of anticipatory capacity relies on semantic rather than episodic memory (for related views, see Atance 

& O'Neill, 2001; Suddendorf & Corballis, 2007). Thus, while deficits in episodic memory 

differentially impair the ability to imagine specific episodic future events, if semantic memory is 

unaffected, amnesic patients can still imagine generic or semantic future events. 

In addition, amnesic patients also exhibit particular impairments for scene construction in 

simulated events. Hassabis and colleagues examined five amnesic patients with bilateral hippocampal 

damage (Hassabis, Kumaran, Vann, & Maguire, 2007) with an atemporal scene construction task. 

They found that patients were impaired for scene construction; the patients generated mental images 

which lacked spatial coherency and richness of detail, as compared to ten age-matched controls. Thus, 
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remembering the past and imagining the future may depend on being able to bind elements from 

memory into a coherent visuospatial context, a function which has been suggested to be supported by 

MTL and in particular the hippocampus (Cohen et al., 1999; Eichenbaum, 2001a). More specifically, 

the binding of items and context (BIC) model proposes that it is the function of the hippocampus to 

bind item information represented in the perirhinal cortex with context information represented in the 

parahippocampal gyrus into coherent events (Davachi, 2006; Diana, Yonelinas, & Ranganath, 2007; 

Eichenbaum, Yonelinas, & Ranganath, 2007; Ranganath, 2010). 

A more recent study has suggested however that amnesic patients might be able to imagine the 

future to some extent. Squire et al. (2010) examined five patients with hippocampal damage and one 

patient with MTL damage, and concluded that these patients had intact remote episodic memory and 

an intact ability to imagine the future, despite impaired recent episodic memory. This led the authors 

to suggest that the capacity for imagining the future, like the capacity for remembering the remote 

past, is independent of the hippocampus. There are three major issues with this study however. For 

one, while the event narratives provided by patients had a similar amount of detail as those of the 

control participants, the mean number of or episodic phrases that were repeated during narration of 

past and future episodes was significantly higher in the patients relative to the control participants. 

This finding indicates that perhaps patients did not generate an equal number of episodic details as 

compared to the controls, but rather repeated a number of them (possibly because of an inability to 

encode the scenario while it was constructed, see Addis & Schacter, 2012). Secondly, the reduced 

number of spatial references in the descriptions by the patients suggested that patients were mostly 

producing semantic representations (Maguire & Hassabis, 2011). Thirdly, there were some indications 

of remnant hippocampal tissue in some of the patients, which may have had sufficient residual 

function to support basic scene construction (Maguire & Hassabis, 2011).  

This latter possibility was further examined by Mullaly, Hassabis and Maguire (2012). The 

authors tested scanned patient P01, who has 50% bilateral hippocampal volume loss and dense 

amnesia but intact scene construction (as observed in a previous behavioural study; Hassabis et al., 

2007). When mentally constructing a scene, patient P01 activated brain regions similar to those in 

control participants. Notably, the remnant of P01’s right hippocampus (RHC) was engaged by scene 
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construction, suggesting that intact scene construction observed previously in some hippocampal-

damaged amnesic patients may be supported by residual function in the lesioned hippocampus 

(Mullally et al., 2012).  

Parallel deficits in remembering the past and imagining the future have also been observed in 

other clinical populations such as patients with suicidal depression (Williams et al., 1996), bipolar 

disorder (King et al., 2011), schizophrenia (D'Argembeau, Raffard, et al., 2008), amnesic mild 

cognitive impairment (Gamboz, de Vito, et al., 2010) and mild Alzheimer’s disease (Addis, Sacchetti, 

Ally, Budson, & Schacter, 2009). Interestingly, the main impairment in these patient groups concerns 

specificity. Patients with amnesic mild cognitive impairment are able to generate future events to 

some extent, but these typically consist of more general semantic details than specific episodic details 

(Gamboz, de Vito, et al., 2010). Patients with depressive disorders and with schizophrenia likewise 

generate generic, non-specific future events. There are various explanations for these deficits of event 

specificity in the different patient populations, including episodic or general retrieval difficulties or 

failures, different retrieval strategies, reduced executive resources (Williams et al., 1996) and/or a 

disturbance of the sense of subjective time (D'Argembeau, Raffard, et al., 2008). Whatever the 

underlying mechanism, it appears that if episodic memory is disrupted, then future event simulation is 

affected likewise, and the specificity of events is affected in particular. 

A similar parallel reduction of specificity in past and future events has been observed in older 

adults. Addis and colleagues have shown that the age-related reduction in specificity of episodic past 

events, previously established by Levine et al. (2002), extends to future event simulations (Addis, 

Wong, & Schacter, 2008). Older adults generated significantly fewer episodic and more semantic 

details, as compared to younger adults, when remembering past events as well as when imagining 

future events, and these scores were strongly correlated between past and future. These findings are 

extended upon by more recent findings that older adults engage different neural networks during the 

construction and elaboration of episodic past and future events than young adults (Addis, Roberts, & 

Schacter, 2011), possibly reflecting different involvement of episodic and semantic resources. 

Turning to the other side of the lifespan, developmental research has shown parallel patterns of 

emergence of memory and imagination between ages of 4 and 5 years (Busby & Suddendorf, 2005; 
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Hayne, Gross, McNamee, Fitzgibbon, & Tustin, 2011; Perner & Ruffman, 1995; Suddendorf, Nielsen, 

& von Gehlen, 2011). For instance, Busby and Suddendorf adapted a neuropsychological 

questionnaire to ask children to report something they had done yesterday and something that they 

would do tomorrow. The extent to which the children were able to give a likely correct answer for a 

question about the past predicted the ability to do so for questions about the future (Busby & 

Suddendorf, 2005). Further studies that minimise the language demands of the task have shown that 

children of four years are able to prepare for the future based on memories of specific past 

experiences (Suddendorf et al., 2011). 

Finally, experimental research on healthy adults demonstrates a number of parallel effects from 

experimental manipulations. For instance, temporally distant events in both the past and future are 

less detailed than temporally close events, even when taking into account that representations of the 

past are generally associated with greater perceptual detail than representations of future events 

(D'Argembeau & Van der Linden, 2004; Szpunar & McDermott, 2008a). Individual differences in 

imagery ability and emotion regulation affect the properties of representations of past and future 

events similarly (D'Argembeau & Van der Linden, 2006). Furthermore, the temporal distribution 

between past and future events overlap greatly across individuals at different points in their lifespan 

(Spreng & Levine, 2006), and both past and future events have been found to cluster around periods 

of self-development (Rathbone, Conway, & Moulin, 2011).  

 

1.3.2 Common core brain network 

A myriad of research findings, including the aforementioned patient findings, indicates that 

cognitive processes for remembering the past overlap with those required for imagining the future. 

Like past events, future events comprise visuospatial imagery, a sense of self and a sense of subjective 

time (see section 1.2.2). One possibility is that the parallel deficits documented in patients arise from 

the deterioration of brain regions that are common to the two temporal directions of episodic thought, 

such as the hippocampus. Indeed, it may be expected that overlapping cognitive processes are 

supported by common network of brain regions. Neuroimaging studies have identified a brain 

network underlying both remembering the past and imagining the future (see Figure 2), involving 
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MPFC, frontopolar and MTL regions, including bilateral hippocampus, and posterior parietal regions 

such as PCC, RSC and precuneus (Addis et al., 2007; Okuda et al., 2003; Szpunar et al., 2007), a 

result which has been replicated several times since (e.g., Botzung, Denkova, & Manning, 2008; 

Weiler, Suchan, & Daum, 2011). This network of brain regions is referred to as the common core 

network (Hassabis, Kumaran, & Maguire, 2007; Schacter & Addis, 2007). 

 

 
 
Figure 1.2: The common core network. In the sagittal view (left panel), MPFC, medial parietal areas 

(including precuneus, RSC and PCC), and occipital areas are clearly visible. In the axial view (middle 

panel), medial frontal, parietal areas and occipital areas are again evident, as well as lateral parietal 

areas. In the coronal view (right panel), bilateral MTL (hippocampus) and lateral temporal areas are 

visible. This schematic drawing was created using MRIcron’s ‘chbetter’ template (Rorden, Karnath, 

& Bonilha, 2007). 

 

The striking overlap in neural activity has been taken as evidence that similar processes 

underlie the two abilities (e.g., Buckner & Carroll, 2007) and this common network has been found to 

underlie not only autobiographical memory and imagination, but also spatial navigation and theory of 

mind (Buckner, Andrews-Hanna, & Schacter, 2008; Buckner & Carroll, 2007; for a meta-analysis, see 

Spreng, Mar, & Kim, 2009). 

The common core network comprises of a set of brain regions which overlaps to a large extent 

with what is known as the default mode network (Spreng et al., 2009). The default mode network is a 
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collection of brain regions2 that is metabolically active or engaged at “rest”, that is, when participants 

are not engaged in any particular task (Buckner et al., 2008; Raichle et al., 2001). While the exact 

underlying processes that engage the default mode network are not yet fully understood, it is 

commonly suggested that its activity may reflect ‘mind-wandering’, during which participants likely 

recall past events or think about upcoming events, amongst other things (Andrews-Hanna, Reidler, 

Huang, & Buckner, 2010). As such, it is perhaps not surprising that there is overlap between the 

default mode network and the common core network.  

The differentiation between the default network and the common core network may be 

elucidated by a very recent overview of the activity of default network regions and both their 

anatomical and functional connectivity (Andrews-Hanna, 2012; Andrews-Hanna, Reidler, Sepulcre, 

Poulin, & Buckner, 2010). Specifically, there is evidence for two different subsystems within the 

default network, as well as hub regions, mediating between the subsystems (but see Irish, Piguet, & 

Hodges, 2012 for caveats). One of the subsystems, the DMPFC subsystem, plays an important role in 

introspecting about the mental states of social agents, while the other subsystem, the MTL subsystem, 

is mainly implicated in memory and memory-based processes such as future event simulation. These 

subsystems are coordinated by two hubs, the anterior MPFC (AMPFC) and PCC, which activate for 

personally significant or other salient information. The core network as typically described in the 

literature shows overlap primarily with the MTL subsystem (including the hippocampus, 

parahippocampal gyrus, RSC, PCC, inferior parietal lobule, and VMPFC) though it can recruit in 

other regions such as the hub regions and regions from the DMPFC subsystem (including DMPFC, 

temporoparietal junction, lateral temporal cortex and temporal pole).  

 
 

1.4 Theories and Subprocesses of the Common Core Network 

 

                                                      
2 One region that is included in the core network, but not always included as a region of the default network, is 
precuneus. This absence from the default network follows from its anatomical and resting state connectivity: 
MTL has extensive connections to the PCC and RSC, but not precuneus (Buckner et al., 2008). The precuneus 
does have connections with PCC however, which may explain the activity patterns observed in the posterior 
midline structures when the core network is engaged.  
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1.4.1 Functional differentiation of the core network 

A number of major theories have been developed to explain the overlapping cognitive and 

neural processes such as the activation of the core network for future event simulation: Buckner and 

Carroll’s (2007) theory of self-projection, Hassabis and Maguire (2007)’s theory of scene 

construction, and Schacter and Addis’s (2007) constructive episodic simulation hypothesis. All three 

theories posit that one of the main functions of the core network is flexible mental exploration or 

simulation, which occurs through the construction of complex scenes not currently perceived. 

However, as indicated in the names of these theories, each emphasises different aspects of the 

simulation process. Interestingly, these theories map onto different subsystems within the default 

network. Buckner and Carroll’s (2007) theory of self-projection has mainly focused on the DMPFC 

subsystem, while both the research groups of Hassabis and Maguire (2007) and of Schacter and Addis 

(2007) have focused on the MTL subsystem. Finally, the subsystems mediating simulation are 

coordinated by the hub regions AMPFC and PCC, which are implicated for personal relevance 

(Andrews-Hanna, 2012). These hub regions may direct what aspects of the MTL- and DMPFC- 

subsystems are involved during simulation, depending on the personal significance of the simulations.  

 

1.4.2 Self-projection theory 

Buckner and Carroll (2007) implicate the core network in ‘self-projection’: the ability to shift 

perspective or project the self from the immediate present to alternative perspectives or scenes. The 

various functions supported by the core network, including episodic memory, episodic future 

simulation, theory of mind and navigation, are all considered to be various forms of this self-

projection capacity. Buckner and Carroll argue that this brain network enables us to mentally explore 

alternative perspectives based on our past experiences. They base their hypothesis on findings from 

various neuroimaging studies, although there is still no study that combines all these suggested 

cognitive functions in the one design. Rather, Buckner and Carroll postulate their hypothesis from 

these separate findings. The crux of their hypothesis is based on two studies in particular, which 

showed that a network very much like the core network evident during past and future thinking (e.g., 

Addis et al. (2007), is engaged when conceiving the beliefs of another person (Saxe & Kanwisher, 
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2005) and when considering moral decisions (Greene, Sommerville, Nystrom, Darley, & Cohen, 

2001). This neural overlap with the core network (and by extension, the MTL-subsystem) is primarily 

evident in VMPFC and posterior parietal regions (Greene et al., 2001; Saxe & Kanwisher, 2005), but 

there are also several regions which show overlap with the DMPFC subsystem, namely the 

temporoparietal junction and DMPFC. Thus, it may be that some forms of theory of mind recruit both 

the DMPFC and MTL subsystem.  

However, it is not clear how the self-projection theory, with its focus on theory of mind, maps 

onto all forms of simulation. In fact, a more recent study has shown that while there is overlap 

between personal episodic memory and theory of mind (mainly in frontal and temporal-parietal areas; 

see also, Spreng et al., 2009), there are key differences as well. Midline structures and RHC showed 

greater activation for memory (Rabin, Gilboa, Stuss, Mar, & Rosenbaum, 2010), while theory of mind 

activated lateral regions including the temporo-parietal junction more strongly (see also, Spreng & 

Grady, 2010). Indeed, regions observed as active for theory of mind show more overlap with the 

DMPFC subsystem than the core network does (Andrews-Hanna, 2012). The DMPFC, 

temporoparietal junction, lateral temporal cortex and temporal pole are typically engaged for 

introspective social processes towards oneself or others, in which individuals reflect upon or assess 

social information (D'Argembeau, Raffard, et al., 2008). For example, the function of DMPFC has 

suggested to be to hold and ‘decouple’ different representations of the self (D'Argembeau et al., 

2007), while the temporoparietal junction may be involved in coordinating these different self-

locations in time and space (Arzy, Collette, Ionta, Fornari, & Blanke, 2009). Together, these findings 

suggest that the DMPFC subsystem may play an important role in introspecting about the mental 

states of social agents.  

Given that few theory of mind tasks probably have a mnemonic component, the hippocampus, 

which is pivotal to both episodic past and future thought, may not be necessary theory of mind. For 

example, two patients with an episodic memory impairment have been shown to perform well on 

theory of mind tasks (Rosenbaum, Stuss, Levine, & Tulving, 2007). Thus, while episodic thought may 

engage aspects of DMPFC subsystem in addition to the MTL-subsystem, theory of mind does not 

necessarily engage both the DMPFC and MTL- subsystems. Given that the overlap between past and 
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future thought with other forms of self-projection is quite complex, with these different tasks 

recruiting different aspects of these subsystems, it would appear that the theory of self-projection 

cannot provide a full explanation. Thus, while self-projection is an interesting concept, it appears to 

conflate several distinct component processes including episodic memory and theory of mind. More 

research will need to be done to exactly pinpoint the role of self-projection within episodic past and 

future thought, and its interaction with other processes involved, such as scene construction. 

 

1.4.3 Scene construction theory  

Hassabis and Maguire (2007, 2009) have argued that a key feature of the types of simulation 

that engage the core network is not the projection of the self, but instead the process of scene 

construction. Hassabis and Maguire define scene construction as the mental generation and 

maintenance of a complex and coherent scene or event. Scene construction involves retrieving and 

integrating informational details, stored in their modality-specific cortical areas, thus producing a 

coherent spatial context, which can be manipulated and visualised (Hassabis & Maguire, 2007, 2009). 

Scene construction is thought to be the primary function of the core network, and is argued to be 

engaged in a number of tasks such as episodic memory and future simulation, but also navigation and 

other forms of spatial processing (Burgess et al., 2002). This suggestion implies that scene 

construction is not connected to subjective sense of time, and that imaginings following scene 

construction can be atemporal and can lack self-relevance (Hassabis, Kumaran, Vann, et al., 2007; 

Hassabis & Maguire, 2007).  

Hassabis and colleagues base their hypothesis on their behavioural study with five amnesic 

patients with bilateral hippocampal lesions (Hassabis, Kumaran, Vann, et al., 2007), previously 

discussed in section 1.3.1. They found that, relative to control subjects, the patients’ scenario 

descriptions contained fewer details in terms of space, entities present, thoughts and actions, and 

sensory details. Crucially however, the imagined experiences generated by patients were fragmentary, 

indicating a particular impairment in the ability to integrate the elements of imagined experience into 

a coherent whole. This lack of coherence indicates a discontinuity or absence of the construction of a 

spatial context, a process in which the hippocampus is suggested to play a critical role (Burgess et al., 
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2002). Notably however, Hassabis, Maguire and colleagues leave open whether the role of the 

hippocampus in spatial context representation is to process spatial information specifically or to bind 

together the disparate details of the imagined scene (Hassabis, Kumaran, Vann, et al., 2007; Hassabis 

& Maguire, 2007).  

These data led Hassabis and Maguire (2007, 2009) to suggest that scene construction may be at 

the core of all event representations, whether the event is past, present, future, atemporal or 

hypothetical. Scene construction is suggested to occur whenever attention is directed away from the 

current external situation and focused inwards to an internal event representation, whether real or 

imagined. These constructed scenes or events can then be manipulated by other processes, such as 

self-referential processing, to allow shifting of the self to alternative perspectives in space or 

subjective time. This theory suggests that the self can be removed from scene construction, and, as 

such, theory of mind, future simulation and memory recall can be conceptualised as scene 

construction plus a representation of the self. This suggestion is debatable however: is it possible to 

imagine a scene without the self? Imagining a scene always implies having a certain perspective on 

the scene, that is, it is seen through someone’s eyes. On the other hand, it is possible to imagine 

scenes that one has never experienced, which may suggest an absence of self – though it is also 

possible to imagine oneself being in those situations (e.g., Anderson, 2012; Klein, Robertson, Delton, 

& Lax, 2012), even if the sense of experiencing is somewhat inferior (Szpunar & McDermott, 2008a). 

Hassabis and colleagues have shown that scene construction is associated with a network 

including VMPFC, posterior parietal cortices, RSC, parahippocampal gyrus and the hippocampus 

(Hassabis, Kumaran, & Maguire, 2007). This set of regions shows a large degree of overlap with the 

MTL-subsystem, and thus focuses mostly on the core network rather than the DMPFC-subsystem like 

Buckner and Carroll (2007). 

 

1.4.4 Constructive episodic simulation theory 

Another major theory that has focused on the MTL subsystem and that links a major function of 

the common core network to construction processes is the constructive episodic simulation hypothesis 

(Schacter & Addis, 2007). This hypothesis proposes that the recall of events involves the active 
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construction of events rather than the retrieval of exact reproductions, in line with Bartlett’s (1932) 

conceptualisation of memory (see section 1.2.4). More specifically, whenever a past memory is 

retrieved, details are extracted from memory and reintegrated into a coherent memory of the event. 

Crucially, Schacter and Addis argue that a similar process is required for constructing simulations of 

future events: details are extracted from memory, and recombined into coherent simulations. Thus, the 

construction of both past and future event requires the retrieval and integration of details from 

episodic memory, supported by the common core network. Whilst many of the regions of the common 

core network have roles in the other aspects of simulation (e.g., self-referential processing and 

imagery), within this hypothesis a special focus is placed on the hippocampus. Given the well-

established role of the hippocampus in relational processing (Eichenbaum & Cohen, 2001), Schacter 

and Addis argue that the hippocampus supports the detail recombination processes required to 

construct a coherent event (Schacter & Addis, 2007, 2009).  

In line with their hypothesis, Addis and Schacter have found that the left posterior hippocampus 

is responsive to the amount of detail in both past and future events (Addis & Schacter, 2008), likely 

reflecting the retrieval of episodic details to combine into coherent events. Furthermore, healthy older 

adults who have some degree of structural and functional dysfunction in the hippocampus, show 

reduced integration of memory details into simulations relative to young adults (Addis, Musicaro, 

Pan, & Schacter, 2010). Thus, while the common core network may support the retrieval memory 

details required to form mental events, the hippocampus in particular may be involved in the 

integration of these details into coherent events. 

Despite this focus on the hippocampus, Schacter, Addis and colleagues have demonstrated that 

the network of regions common to remembering the past and imagining the future also includes 

MPFC, PCC, RSC, inferior parietal lobule, and lateral temporal cortices (Addis & Schacter, 2008; 

Addis et al., 2007). This set of regions overlaps primarily with the MTL subsystem, but also recruits 

in some regions of the DMPFC-subsystem (i.e., lateral temporal cortices). 

Schacter and Addis’s (2007) hypothesis does not have the same focus on spatial context as 

Hassabis and Maguire’s (2007) theory. While both theories presume a level of integration, Hassabis 

and Maguire’s theory assumes that it is integration in a spatial dimension, Schacter and Addis’ theory 
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does not make this presumption explicitly. Thus, these two theories are not necessarily mutually 

exclusive, but rather take slightly different perspectives on the same constructive process.  

 

1.4.5 Personal relevance  

Lastly, in a very recent addition to the literature, Andrews-Hanna (2012) has argued for the 

importance of the personal relevance of simulations as governing what aspects of MTL- and DMPFC-

subsystems might be engaged during simulation. With her colleagues, she has identified two ‘hub’ 

regions in the default network – AMPFC and PCC – which are functionally connected to all other 

regions in the default network (Andrews-Hanna, Reidler, Sepulcre, et al., 2010). These hub regions 

are activated for tasks across the domains of memory, simulation, social cognition and emotion, and 

may be recruited in by the core network depending on the exact nature of the task. They may play an 

important role in the subjective valuation of personally significant and other highly salient 

information, connecting with one or the other subsystems when required. 

Remembered past events and imagined future plans or events that may plausibly happen in the 

future are frequently of high personal relevance; they allow us to create our identity (Addis & Tippett, 

2008) and to prepare for the future, such as upcoming job interviews (Taylor, Pham, Rivkin, & 

Armor, 1998). Imagining events that are not likely to happen, or that are atemporal and fictitious, are 

lower in personal relevance. Therefore, activations of AMPFC and PCC should be evident when 

remembering and imagining real events, but to a lesser degree for fictitious events. Hassabis, 

Kumaran and Maguire (2007) have reported such findings. They conducted an fMRI experiment in 

which participants recalled past events and imagined atemporal, fictitious events at commonplace 

settings such as the beach (rather than self-relevant future events). They found that, relative to 

imagining fictitious events, remembering was associated with increased activation in the AMPFC, 

PCC and precuneus. The authors suggested that these regions might reflect an increased sense of 

familiarity, mediated by the precuneus, as well as increased self-relevance, supported by the AMPFC 

and PCC hubs.  

The activation of these two midline hubs found in Hassabis and colleagues’ (2007) study 

corroborates findings that midline core activation is stronger for more realistic hypothetical events 
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(Szpunar, Chan, & McDermott, 2009). Moreover, AMPFC and PCC are modulated by the degree of 

personal relevance, as shown in an experiment involving judgments about persons with different 

degrees of personal relevance (Abraham & von Cramon, 2009). In that study, AMPFC and PCC were 

most strongly engaged when making judgments in high personal relevance contexts (about real 

friends), secondarily for medium relevance contexts (about real famous people), and least of all in low 

personal relevance contexts (about fictitious persons). Together, these findings provide a strong basis 

for Andrews-Hanna’s (2012) conceptualization of AMPFC and PCC as implicated in the processing 

of personally significant information, and possibly directing the recruitment of other core network 

regions depending upon personal relevance. 

 

1.5 Episodic Memory versus Episodic Future Thought 

 

1.5.1 Differences between episodic past and episodic future thought 

Notwithstanding the high degree of overlap between past recall and future event imagination 

for cognitive and neural processes and elements, differences have also been found. Indeed, it is to be 

expected that episodic past and future thought also recruit different processes, as these two forms of 

mental experience are not identical. These differences likely allow the brain to distinguish between 

the experience of remembering an actual past event and of simulating an imagined future event, since 

we do not regularly confuse remembered past and imagined future events.  

Typically, memories contain greater sensory and contextual detail than imaginings (Addis, Pan, 

Vu, Laiser, & Schacter, 2009; Arnold, McDermott, & Szpunar, 2011a; D'Argembeau & Van der 

Linden, 2004, 2006; Weiler, Suchan, & Daum, 2011), suggesting a stronger reactivation of perceptual 

information. These findings corroborate the reality monitoring theory (Johnson & Raye, 1981; 

Johnson, Suengas, Foley, & Raye, 1988), which posits that real events are richer in detail than 

imagined ones, reflecting whether the events originated in perception or in imagination.  

In line with these behavioural findings, past events are associated with stronger activation in the 

posterior visual processing regions than imagined events (Addis, Pan, et al., 2009; Weiler, Suchan, & 

Daum, 2010b) and greater memory-associated EEG negativity has been found over posterior cortices 



30 
 

(i.e., at parieto-occipital electrodes) for past events relative to future events (Conway et al., 2003; 

Weiler, Suchan, & Daum, 2011). The posterior temporal and occipital lobes are typically associated 

with the storage of sensory-perceptual episodic knowledge that constitutes visual imagery (Conway, 

2001; Conway, Pleydell-Pearce, Whitecross, & Sharpe, 2002). Thus, these neuroimaging findings 

support the notion that past events contain more detail than future events. Moreover, in studies where 

the amount of detail generated within the event is equal for past and future events, no preferential 

activation has been found for past events relative to future events (Addis et al., 2007; Weiler, Suchan, 

& Daum, 2011). 

Future events on the other hand are typically rated as more effortful to generate than past events 

(Arnold et al., 2011b; Hassabis, Kumaran, & Maguire, 2007), and recalling memories of imagined 

events versus real memories is associated with increased PFC activation (Conway et al., 2003). This 

additional effort may be associated with more extensive cognitive operations that are required for 

future event imagination (McDonough & Gallo, 2010). In McDonough and Gallo’s study, subjects 

participated in an autobiographical elaboration task for both past and future events, including source 

memory tests. Despite the fact that past elaborations contained more details than future elaborations, 

and that future elaborations were rated as more difficult than past elaborations, searching memory for 

future elaborations led to more accurate retrieval monitoring than for past elaborations (i.e. less source 

monitoring errors). Therefore, McDonough and Gallo concluded that cognitive operations (as indexed 

by difficulty) rather than perceptual details are likely to be weighted more when differentiating 

between future and past events in the mind.  

Future events also tend to contain less specific information than remembered past events 

(Anderson & Dewhurst, 2009). Remembered past events contain more episodic details than imagined 

future events (Addis et al., 2010; Addis et al., 2008) or imagined past events (Addis et al., 2010; De 

Brigard & Giovanello, 2012), as measured using the Autobiographical Interview (Levine et al., 2002). 

Other findings of behavioural differences between future and past have been mixed: Sometimes future 

events are rated as more emotional (Weiler et al., 2010b) and more personally significant than past 

events (Addis et al., 2008); sometimes the opposite is found, where past events are more emotional 

(Weiler, Suchan, & Daum, 2011) and more personally significant (Addis, Pan, et al., 2009) than 
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future events; and sometimes no differences are found at all (Addis, Cheng, Roberts, & Schacter, 

2011; Addis et al., 2007).  

Differences between past and future events have also been demonstrated in neuroimaging 

studies. Several studies have found increased activity in regions of the common core network for 

episodic future thought as compared to episodic past recall (Addis et al., 2007; Okuda et al., 2003; 

Szpunar et al., 2007), in particular in the frontopolar cortex and hippocampus. The frontopolar region 

(BA 10) has been implicated in prospective memory, that is, remembering to carry out delayed 

intentions (Burgess, Quayle, & Frith, 2001; Okuda et al., 2003; Poppenk, Moscovitch, McIntosh, 

Ozcelik, & Craik, 2010), and may reflect the role of planning in event simulation. However, this 

explanation has been challenged by recent findings that the frontopolar cortex is engaged both when 

imagining the future and the past (Addis, Pan, et al., 2009). This evidence suggests that this region is 

involved in the process of imagining independent of temporal direction or event content, rather than 

processes specific to future events. Addis and colleagues have speculated that the function of this 

region may be to provide a “stage” for imaginary event simulations, by integrating multimodal 

information from diverse systems (i.e., operate as an ‘episodic buffer’, see also Schacter & Addis, 

2007). This idea is compatible with findings of frontopolar activation for events at familiar locations 

in both recalled past and imagined future (Szpunar et al., 2009). 

The finding of increased activation in the anterior hippocampus (Addis, Pan, et al., 2009; Addis 

& Schacter, 2008; Addis et al., 2007; Weiler et al., 2010b) for future events relative to past events has 

been of considerable interest given that this neural structure has traditionally been considered a 

pivotal episodic memory region. Currently, one of the most significant discussions in the literature of 

episodic future thought is concerned with what this activation might reflect, and what the exact role of 

the hippocampus in future event simulation might be (for reviews, see Addis & Schacter, 2012; 

Schacter et al., 2012).  

Interestingly however, there are few theoretical accounts explaining this preferential activation. 

The self-projection theory (Buckner & Carroll, 2007; section 1.4.2) and scene construction theory 

(Hassabis, Kumaran, & Maguire, 2007; Hassabis & Maguire, 2009; see section 1.4.3) were advanced 

primarily to explain the similarities between remembering the past and imagining the future rather 
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than the differences. In fact, Buckner and Carroll do not mention any potential differences at all, while 

Hassabis and Maguire state that “only limited progress can be made” by comparing past recall and 

future imagination, because “it engages all of the same processes as episodic memory and to a similar 

degree” (Hassabis & Maguire, 2009, p. 1623). However, they do argue that some distinctions may 

arise as a result of whether the event construction involves prospective planning, rich subjective 

experiences or abstracted and semantic content, but they do not speculate about neural differences 

(Hassabis & Maguire, 2007, 2009).  

Despite the lack of substantial explanations, Hassabis, Maguire and colleagues have in fact 

reported neural differences. For instance, they found increased activation in the AMPFC, PCC and 

precuneus for recall of real episodic memories relative to the recall of imagined events (Hassabis, 

Kumaran, & Maguire, 2007). These differences are conceptualised as arising from additional 

component processes, such as self-processing and familiarity-processing recruited in by the core 

network (see also section 1.4.5), aside from which the core network is similarly activated for both the 

recall of past and of imagined events. While differential activity for recalling past events (which are 

known to be higher in detail ratings for example, as described above) is interesting and informative, 

they unfortunately did not compute a contrast to examine differential activity for the imagination of 

future events. As such, this study does not contribute to our understanding what is special about the 

construction of future events.  

The constructive episodic simulation hypothesis (see section 1.4.4) is clearer about the aspects 

of future simulation that might differentially engage the hippocampus. Schacter and Addis (2007, 

2009) suggest, in line with their hypothesis, that the overlap between episodic memory and future 

thought reflects that both past and future events draw on various parts of information (i.e., episodic 

details) from episodic memory, which are bound together into a coherent event. A difference arises, 

however, with respect to the integration of these details. For past events, previously linked details are 

brought together, whereas for future events one has to flexibly recombine potentially disparate details 

into novel scenarios (Schacter & Addis, 2007). This flexible recombination of detail likely requires 

more intensive or additional relational processing (Cohen, Poldrack, & Eichenbaum, 1997), supported 

by the anterior hippocampus (Schacter & Addis, 2007, 2009). In support of their hypothesis, Addis 
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and Schacter (2008) have found that activation in the posterior hippocampus (known to be involved in 

episodic retrieval) correlated with detail ratings for both past and future events, while activation in the 

anterior hippocampus (associated with flexible recombination) was evident only for future events.  

However, greater activation of the hippocampus for past relative to future events has also been 

found (Abraham, Schubotz, & von Cramon, 2008; Botzung et al., 2008; Weiler et al., 2010b), which 

would seemingly counter Schacter and Addis’ (2007) hypothesis. Nevertheless, there is one crucial 

aspect that differentiates these studies from the studies reporting preferential hippocampal activation 

for future relative to past. In studies that report a past>future effect, the initial construction of future 

events took place prior to scanning, and in the scanner these pre-imagined events may have been 

recalled. Thus, in line with the constructive episodic simulation hypothesis, there may have been less 

recruitment of recombination processes for future events, as events had been pre-constructed, which 

may have led to significantly reduced recruitment of the hippocampus. Furthermore, repeatedly 

imagining these events may allow participants to come up with additional details which were initially 

not present (Szpunar & Schacter, 2013), which may have consequences for underlying neuronal 

activations. Additional research is needed to compare online constructions with repeated instances of 

imagined events – one goal of this thesis.  

Thus, recently both cognitive and neural differences between remembering the past and 

imagining the future have been revealed. The next step is to put forward explanatory theories with 

regards to these differences. So far, the constructive episodic simulation hypothesis, which suggests 

that preferential activation of RHC reflects more intensive recombination processes, is the most 

elaborate. However, Addis, Schacter and colleagues have also suggested that the cognitive differences 

between past and future events may reflect novelty and/or encoding processes as well (Addis, Cheng, 

et al., 2011; Martin, Schacter, Corballis, & Addis, 2011).  

In this thesis, I argue that the differences between future and past can be captured with the 

concept of novelty. Novelty is a key factor differentiating imagined future events from past events in 

several ways. In contrast to past events, future events are generated for the first time. Past events have 

already happened and merely need to be retrieved from memory, and therefore do not need to be 

constructed as such, at least not ‘from scratch’. Items or associations that are novel relative to items or 
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associations that have occurred many times before are said to constitute ‘relative’ novelty, or 

contextual novelty3 (Blackford et al., 2010). Thus, future events (e.g., imagining having dinner next 

week with someone you hope to befriend) are contextually novel relative to past events. A further 

difference that makes future events more novel than past events is that they can be very dissimilar 

from previous experiences. Items or associations that are uncommon, are novel relative to items or 

associations that are commonly encountered or experienced, and are said to constitute ‘absolute’ 

novelty, or categorical novelty (Blackford et al., 2010). Past events lack categorical novelty, as they 

directly reflect past experiences, but imagined future events can differ in how similar they are to 

previous happenings. Furthermore, as frequency of past occurrence is generally a good predictor of 

the probability of future occurrences (Tversky & Kahneman, 1973), the differences in similarity to 

past events also indicate differences in plausibility. Past events are by definition plausible, but future 

events can vary in a range from plausible to implausible. Thus, some future events (such as imagining 

winning the lottery next week) are both contextually as well as categorically novel.  

To date, no research has directly investigated the contextual and categorical novelty of future 

events and how this might influence the characteristics of the events and neural engagement during 

simulation. However, there are a number of processes which may be associated with the contextual 

and categorical novelty of future events, some of which have been examined previously. Such 

research may provide some initial insight how the contextual and categorical novelty of future events 

might affect event simulation and differentiate future from past events. It can also inform the debate 

regarding the engagement of the hippocampus in future event simulation, which although pivotal, is 

not yet fully understood.  

 

                                                      
3 This concept is slightly different from (but similar to) contextual novelty as defined in studies where a stimulus 
is placed in an unexpected context or background (for reviews, see Nyberg, 2005; Ranganath & Rainer, 2003). 
The emphasis on the effect of surprise and on the unusual combination means that this type of contextual 
novelty overlaps with categorical novelty, as defined later in this thesis. Furthermore, unlike episodic 
simulations, these studies generally focus on a combination of a single stimulus with a background, and the 
detection of this contextual novelty likely relies more on abstract (i.e., semantic) information about what is 
expected in a given experimental context. Thus, for present uses, contextual novelty will be defined according to  
Blackford et al. (2010). 
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1.5.2 Contextual novelty 

Future events constitute a form of contextual novelty relative to past events: While past events 

have occurred previously, future events are generated anew when they are simulated. There are a 

number of processes which may be associated with contextual novelty, namely novelty detection, 

increased event construction processes, such as relational processing flexible detail recombination, 

and increased encoding processes.  

Previous work has shown that the anterior hippocampus responds to novelty (Knight, 1996), in 

particular associative novelty, which involves novel combinations of information, even when the 

details comprising the combination are familiar (Howard, Kumaran, Olafsdottir, & Spiers, 2011; 

Köhler, Danckert, Gati, & Menon, 2005; Kumaran & Maguire, 2007a; Preston, Shrager, Dudukovic, 

& Gabrieli, 2004; Schott et al., 2004), as compared to stimulus novelty (i.e., encounter of a single 

novel stimulus), which activates the perirhinal cortex more intensively (Achim & Lepage, 2005; 

Davachi, 2006). Interestingly, this pattern maps onto that evident for encoding processes: while the 

hippocampus is engaged in associative encoding, the perirhinal cortex is active for stimulus encoding 

(Davachi, 2006)4.  

Moreover, this distinction between associative and stimulus novelty overlaps with 

‘remember/know’ distinction in recognition memory (Brown & Aggleton, 2001; Brown & Bashir, 

2002; Kumaran & Maguire, 2007b), which suggests that ‘knowing’ the stimulus has occurred before 

can occur with or without ‘remembering’ particular details about the stimulus itself or its source. 

When an individual ‘knows’ of the item’s previous occurrence, it is said the individual is merely 

‘familiar’ with the stimulus. Familiarity-based recognition is a type of global recognition, supported 

by the perirhinal cortex, which is achieved by computing the similarity between input and stored 

representations, resulting in a global match.  

In contrast, if one remembers not only the stimulus but also associated information such as its 

source, the stimulus is said to be ‘remembered’. Remembering-based recognition is supported by the 

                                                      
4 It also maps onto the binding of items and context (BIC) model, which suggests that the hippocampus binds 
item information from perirhinal cortex together with context information from parahippocampal cortex into 
complete episodic representations (Diana et al., 2007; Eichenbaum et al., 2007). 
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hippocampus (see also section 1.2.4) and has also been called novelty detection5. During this process 

pattern completion takes place, in which an entire stored pattern is recalled in response to a partial 

input cue, and compared to the current situation. The neuroanatomy of the hippocampal region, and in 

particular the circuitry in the CA1 region, lends itself very well to remembering-based recognition. 

The CA1 region within the hippocampus receives input from the entorhinal cortex via two pathways: 

one directly from the entorhinal cortex, and the other indirectly via a pathway from the dentate gyrus 

to the CA3 region and then to CA1 (Lisman, 1999). Thus, the CA1 is well-placed to compare sensory 

reality arriving directly from the entorhinal cortex with memories of prior experiences arriving from 

the CA3 region (Kumaran & Maguire, 2007b; Lisman & Otmakhova, 2001). And this allows, then, 

for the novelty of an incoming experience to be assessed – when no match can be retrieved from 

memory, it is assumed to be a novel stimulus or event.  

This ability of pattern completion, of retrieving and using stored representations and patterns, 

and comparing them to current input, makes the hippocampus a great candidate for novelty detection. 

Indeed, when an individual initiates the imagination of novel future event, following a self-generated 

or external cue, these initial processes might first activate the brain’s novelty detection circuit, 

directing attention to this novel event. Novelty detection allows individuals to distinguish between 

new stimuli or stimuli combinations and those encountered in the past. These novelty responses are 

generally quick and automatic, and are found across a variety of domains, such as perception, 

attention, learning and memory, and across a range of different modalities, including visual, tactile 

and auditory stimuli (Brown & Aggleton, 2001; Nyberg, 2005; Ranganath & Rainer, 2003). The 

ability of pattern completion also makes the hippocampus a candidate for prediction (Bar, 2009; 

Buckner, 2010), and as such, for future event simulation. Bar argues that the brain is engaged in 

continuously generating predictions, and checking these against prior expectations, generating novelty 

or mismatch signals when they are violated. Indeed, the process by which the hippocampus engages in 

novelty detection is generally related to its more general function of detecting mismatches between 

                                                      
5 Recognizing a stimulus and the context of the previous encounter (‘remembering’) is of course the other side 
of the same coin; namely, recognizing that one has not seen that stimulus before (‘novelty detection’).  
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prior expectations or predictions and current experience or input (Kumaran & Maguire, 2007b; 

Lisman & Otmakhova, 2001; Sokolov, 1963).  

Another difference in contextual novelty between past events and novel future events that likely 

recruits the hippocampus may be increased event construction processes. Both neuroimaging and 

neuropsychological studies have implicated the hippocampus in the retrieval and integration of 

memory details into coherent events (Hassabis, Kumaran, Vann, et al., 2007; Schacter & Addis, 

2007). With their constructive episodic simulation hypothesis, Schacter and Addis (2008) argue that a 

difference between past and future events arises as in past events previously linked details are brought 

together, whereas in future events one has to flexibly recombine (potentially disparate) details into 

novel scenarios (Schacter & Addis, 2007; see also section 1.4.4). This flexible recombination of detail 

likely requires more intensive or additional relational processing (Cohen et al., 1997), supported by 

the anterior hippocampus (Schacter & Addis, 2007, 2009).  

Indeed, the anterior hippocampus is known to be involved in relational or associative 

processing (Achim & Lepage, 2005; Chua, Schacter, Rand-Giovannetti, & Sperling, 2007; Davachi, 

2006; Jackson & Schacter, 2004), in particular for novel associations (Köhler et al., 2005). Even more 

importantly, preferential activation of the anterior hippocampus has also been found for flexible 

recombinations of elements extracted from previously learned associations (Preston et al., 2004). In 

an elegant study utilizing a transitive inference paradigm, Preston and colleagues tested which regions 

activate for flexible novel associations. In the first of two sessions, participants learned face-house 

pairs (A-B, C-B), shown four times, and face-face pairs (D-E), shown once. This way the participants 

learned to associate, or flexibly relate, face A with face C through a common house B, while the 

participants had not been shown these combinations (A-C) explicitly. In the second session in the 

fMRI scanner, participants made recognition judgments regarding the relation between sets, now also 

including the A-C face-face pairs. Both the left and right hippocampus demonstrated greater 

activation for related face-face pairs (A-C) than for learned face-face pairs (D-E) or learned face-

house pairs (A-B and B-C), suggesting the anterior hippocampus is activated by flexible 

recombination. Moreover, this flexible recombination resulted in greater hippocampal activity than 

the associative encoding processes elicited by D-E pairs (i.e., pairs that had only marginally been 



38 
 

encoded during one presentation). The left posterior hippocampus on the other hand was significantly 

activated by all retrieval conditions (including A-C), in line with previous findings showing that the 

posterior hippocampus is engaged for intact reinstatements of episodes, while the anterior 

hippocampus is crucially involved in flexible retrieval of learned associations (Giovanello, Schnyer, 

& Verfaellie, 2009). 

Also consistent with the constructive episodic simulation hypothesis, the anterior hippocampus 

has been shown to be responsive to the amount of detail integrated into future, but not past, events 

(Addis & Schacter, 2008), possibly reflecting novel associations. Furthermore, in a study comparing 

the construction of specific and general past and future events, Addis and colleagues found that right 

anterior hippocampal activity is greater for specific future events than for general future events and 

specific and general past events, which may reflect the fact that specific future events comprise more 

novel detail combinations than the other events (Addis, Cheng, et al., 2011). Notably, this effect was 

not simply due to the sheer amount of details, as past events were rated as more detailed than future 

events. Rather, the novel combination or association between the details may have driven 

hippocampal activation.  

In addition to recombination, encoding processes may also be heightened for contextually novel 

future events relative to past events, which might also underlie anterior RHC activity. Imagined future 

events consist of combinations of details that have not yet occurred, and for these simulations to be of 

later use, they need to be encoded into memory. Thus, additional encoding processes may take place 

in future event simulation as compared to past event recall. Note that while some encoding may also 

take place during past event recall (i.e., re-encoding; Nadel & Moscovitch, 1997), encoding 

presumably does not happen to the same extent as for novel future events. Recent evidence suggests 

that anterior hippocampal activity during future simulation is, at least in part, to encoding. 

Specifically, contrasting successfully with unsuccessfully encoded future simulations has 

demonstrated the involvement of the right anterior hippocampus (Martin et al., 2011). This result is in 

line with previous studies indicating that the anterior hippocampus is particularly important for the 

encoding of novel associative combinations, as compared to novel item encoding (Chua et al., 2007; 



39 
 

Prince et al., 2005) and as compared to the retrieval of associations, which engages the posterior 

hippocampus preferentially (Prince et al., 2005).  

In sum, there are a number of processes that typically engage the anterior hippocampus and 

which may be associated with the contextual novelty of future events. The contextual novelty of 

future events has not yet been manipulated directly, and it is not known whether contextual novelty 

influences hippocampal activation or construction-related processes.  

 

1.5.3 Categorical novelty 

Another major difference between past and future events is the variance in categorical novelty: 

Past events represent past experiences, but imagined future events can differ in how similar they are to 

previous experiences. There are a number of processes which may underlie the variation of 

categorical novelty of future event simulations, namely the disparateness of the details involved, 

plausibility, recombination effort, and the frequency of occurrence of, and familiarity with, the event 

and event details.  

Unlike past events, future events require the novel recombination of familiar details (Schacter 

& Addis, 2007), and thus a difference between past and future events is the degree of disparateness of 

the details comprising an event. Common future events likely require minimal additional 

recombinations due to their similarity to previous events. Categorically novel future events, on the 

other hand, diverge from previous combinations of details, and as such contain more disparate details 

than common future events and past events.  

While there has been no research directly manipulating the disparateness of details in future 

event simulations, simulations of distant future events may contain more disparate details than close 

future events, because the remote future is more uncertain. Indeed, details can also be disparate in the 

sense that these details do not usually co-occur together, or have not done in current or recent times. 

In contrast to remote events, close future events likely involve combinations of details (i.e., persons, 

locations and objects) that occur together in one’s current life (Szpunar & McDermott, 2008a) and are 

thus less disparate. Imagined future events typically revolve around the short term concerns of 

participants (D'Argembeau, Renaud, & Van der Linden, 2011; Spreng & Levine, 2006). When 



40 
 

participants imagine the near future, they may have some specific goals in mind, and may indeed 

already have started working towards these goals. The distant future on the other hand is more 

uncertain, and people’s goals may less well defined, as we cannot know for certain what the future 

will bring (see also, Trope & Liberman, 2003). Therefore common future events are likely to involve 

recently encountered details (e.g., persons, locations and objects). Events involving frequently 

encountered persons, locations and objects may thus be rated as less categorically novel than events 

with less frequently encountered details. The increased similarity of near future events to past 

experiences is also demonstrated by a study by Gamboz, Brandimonte and de Vito (2010), in which 

imagined near future events were rated as having occurred more frequently in the past than imagined 

distant future events.  

In accordance with the idea that remote events contain more disparate details, activation of the 

bilateral hippocampus has been found to be significantly correlated with the increasing remoteness of 

future events, independently of detail ratings, suggestive of more intensive detail recombination 

processes (Addis & Schacter, 2008). Further support for the idea that events further removed from the 

participant’s current life may require particularly intensive recombination processes comes from a 

recent study investigating two patients with lesions in the medial dorsal nucleus of the thalamus 

(Weiler, Suchan, Koch, Schwarz, & Daum, 2011). Because the medial dorsal thalamic nucleus has 

dense connections to the PFC, this thalamic nucleus is implicated in executive aspects of memory 

such as strategic retrieval (Van Der Werf, Jolles, Witter, & Uylings, 2003). Despite a relative 

preservation of episodic memory for recent past events, the patients in this study exhibited significant 

deficits when attempting to imagine events, particularly impersonal and fictitious events. 

Interestingly, the patients could only produce novel events with extensive prompting from the 

experiment, likely because of the increased strategic and recombination abilities required to combine 

disparate details into novel simulations. In contrast, commonplace personal future events could be 

imagined by recasting of past events with slight modifications, which would minimise these demands.  

Another aspect of the categorically novel future events is plausibility. The similarity of future 

events to events that have frequently occurred in the past is generally a good predictor for the 

likelihood of future occurrences (Hasher, Goldstein, & Toppino, 1977; Tversky & Kahneman, 1973). 
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Thus, categorically novel future events are likely less plausible than common events. Furthermore, in 

a recent fMRI study by Weiler and colleagues (2010a) it was demonstrated that such decreases in 

plausibility are associated with decreases in hippocampal activation. Participants imagined future 

events for the upcoming holidays, rated them for occurrence probability and these ratings were later 

(after the holidays) matched with ratings of whether the events had actually happened. There was a 

strong correlation between the two ratings, indicating that participants had a good sense of the 

plausibility of the events. It was found that increases in occurrence probability ratings were 

accompanied by a corresponding increase in richness of detail, while anterior right hippocampal 

activity was higher for low occurrence probability events. The authors suggest that the increased 

hippocampal activation for low probability events reflected increased recombination processes, as 

these events were more likely to involve more disparate details than high probability events. 

Perhaps surprisingly, little research has directly investigated the effect of disparate details or 

plausibility on the process of future event simulation. Most of the simulation research related to 

plausibility has focused on the difference between imagined future events taking place in familiar and 

unfamiliar locations (Arnold et al., 2011a; Klein et al., 2012). Indeed, familiarity of component details 

may be an important distinction between remembered events, plausible imagined events and 

implausible imagined events. Feelings of familiarity during remembering may indicate to the 

individual that they are retrieving a memory of a personal experience; this feeling might be closely 

interlinked with autonoetic consciousness or a feeling of reliving. Accordingly, future events 

imagined as taking place in a highly unfamiliar location such as the jungle (Szpunar & McDermott, 

2008a) or in the Arctic (Klein et al., 2012) are more likely to be implausible.  

A close link between familiarity and plausibility has also been suggested by researchers within 

the context of false memory research. When participants imagine events which could have taken place 

in their past (but have not), the act of imagining increases the familiarity of the event for the 

participant. For some of these imaginings, the increased feeling of familiarity is subsequently 

incorrectly attributed to their actual occurrence, and a ‘false memory’ is created (Jacoby, Kelley, & 

Dywan, 1989). In the same way, it may be that feelings of familiarity with the imagined future event 

might enhance participants’ judgments of the plausibility of the event.  
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Indeed, similar to these findings, other studies have shown that the act of imagining also 

increases perceived likelihood or plausibility ratings of future events. For example, Carroll (1978) 

found that when participants were asked to imagine Jimmy Carter (or Gerald Ford) winning the 1976 

presidential election, participants predicted that the candidate they imagined was more likely to win 

the election than the other candidate. Other experiments showed that participants who imagined 

contracting a disease (Sherman, Cialdini, Schwartzman, & Reynolds, 1985) or carrying out an action 

such as committing a crime (Gregory, Cialdini, & Carpenter, 1982) later estimated the likelihood of 

the experience of these events in the future higher than those who had not imagined the scenarios.  

In sum, previous finding suggests that increased disparateness of details and associated 

recombination effort might give rise to increased categorical novelty in imagined future events, 

accompanied by concurrent decreases in plausibility. Increased familiarity and frequency of encounter 

of the event details on the other hand likely decreases the categorical novelty of events. However, to 

date, very few studies have investigated the categorical novelty or plausibility of imagined future 

events.  

 

1.6 Objectives and Overview of the Thesis 

 

The past decade has seen a great increase of interest in episodic future simulation. While 

researchers have mainly focused on the similarities between episodic past and future thought, there 

are also important differences, as evident in both behavioural and neuroimaging studies. Especially 

interesting is the increased activation of the hippocampus for future relative to past events, as the 

hippocampus had traditionally been regarded as a quintessential memory structure. Despite the 

growing interest in these differences, the field has not yet come to a consensus about what exactly 

differentiates remembering the past and imagining the future, nor about what the preferential 

activation of the anterior hippocampus for future relative to past events may reflect.  

The goal of this thesis is to further elucidate the nature of imagined future events, in particular 

in terms of novelty, an aspect which as yet has not been addressed directly. Future events are novel in 

the sense that they have not been experienced or imagined before (contextual novelty) and because 
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they might be unusual relative to previous experiences (categorical novelty). There are a number of 

processes which are associated with these forms of novelty. Events which are contextually novel may 

be associated with novelty detection, increased event construction or detail recombination, or 

increased encoding, relative to events which have been imagined or experienced before. These 

processes are all thought to be supported by the anterior hippocampus, and it may be that the 

preferential activation of the anterior hippocampus for future relative to past events constitutes an 

effect of contextual novelty. Events which are categorically novel on the other hand may be 

associated with a greater disparateness of the details comprising the event, lower plausibility ratings, 

more intensive detail recombination processes or effort, and lower feelings of familiarity, as compared 

to common events.  

The studies in this thesis investigate how novelty affects the process of future event simulation 

and its neural correlates. Study 1 examines whether there is a difference between past and future 

events in terms of contextual novelty, and whether the degree of categorical novelty influences these 

past-future differences. Study 2 investigates whether contextual novelty affects the activation of the 

hippocampus and related structures during future event simulation. Finally, Study 3 examines whether 

categorical novelty is affected by the disparateness of details comprising a future simulation, and 

whether categorical novelty modulates plausibility ratings and construction-related processes. 
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Chapter 2. Study 1 – The effects of contextual and categorical novelty on 

future events relative to past events 

 

2.1 Introduction 

 

Episodic memory not only allows us to vividly remember our past, but also to imagine potential 

futures. Over the past decade, research has brought forward an increasing body of evidence showing 

that memory and future simulation are largely supported by shared neural and cognitive processes. 

This evidence comes from neuroimaging studies (Addis et al., 2007; Okuda et al., 2003; Szpunar et 

al., 2007), patient studies (D'Argembeau, Raffard, et al., 2008; Hassabis, Kumaran, Vann, et al., 2007; 

Klein et al., 2002; Tulving, 1985b; Williams et al., 1996) and experimental behavioural studies 

(D'Argembeau & Van der Linden, 2004, 2006; Spreng & Levine, 2006; Szpunar & McDermott, 

2008a), as reviewed in Chapter 1. Recently however, discoveries of important differences between 

remembering the past and imagining the future have also emerged. Preferential activation for future 

events relative to past events has been found in the frontopolar cortex (Brodmann area, BA 10) and 

the anterior hippocampus (Addis, Pan, et al., 2009; Addis et al., 2007; Okuda et al., 2003; Weiler et 

al., 2010b). Central to current debates is what this preferential activation for future event simulation 

reflects, and what might constitute the cognitive differences between past and future events. 

The constructive episodic simulation hypothesis (Schacter & Addis, 2007, 2009) proposes that 

the overlap follows from the fact that both past and future events draw on information (i.e., episodic 

details) from episodic memory, while the differences arise from a difference in detail recombination. 

Specifically, while past events consist of details that have been associated previously, future events 

are unlikely to be an exact replica of past events. As such, details that are recombined into future 

events may not have been linked together previously. It is thought that these details are brought 

together through flexible recombination, supported by relational processing dependent on the 

hippocampus (Eichenbaum & Cohen, 2001). This idea is consistent with previous findings that the 
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anterior hippocampus is particularly engaged by flexible recombination processes, rather than 

reinstatements of previous combinations (Giovanello et al., 2009; Preston et al., 2004).  

However, we argue that the increased recombination demand is only one of the processes 

which differ between past and future events. Simulations of future events are novel in contrast to 

memories of past events which have, by definition, been experienced and encoded. Common items or 

associations that are novel relative to common items or associations that have occurred many times 

before constitute ‘relative’ novelty, or contextual novelty (Blackford et al., 2010). Thus, future events 

are contextually novel in the context of an individual’s life: while both past and future events are 

generally comprised of familiar elements, future events differ from past events in that they are newly 

created. However, past events are also contextually novel in the context of an experiment when they 

are recalled for the first time in the experiment. In fact, a distinction can be made between internal 

contextual novelty (novelty in the context of the current experiment) and external contextual novelty 

(novelty in the context of the participant’s life). While future events are associated with both internal 

and external contextual novelty, past events are only associated with internal contextual novelty. 

These types of contextual novelty are not fundamentally different, but rather we expect that the effect 

of contextual novelty will be greater in future events as it is associated with two types of contextual 

novelty, while past events with only one.  

Whether the degree of contextual novelty between past and future events constitutes a 

significant cognitive difference has not previously been examined directly. One way to manipulate 

contextual novelty is through repetition (Blackford et al., 2010): A stimulus is only contextually novel 

in the experiment when it is first presented and not when it is repeated. By requiring participants to 

recall past events and to imagine future events repeatedly, initial events can be contrasted with the 

repeated events, and the development of the effect over the presentations6 can be examined. 

Repetition of stimuli typically induces a reduction of reaction time (RT) for a number of tasks, such as 

deciding whether a stimulus is novel or not (for reviews, see Grill-Spector, Henson, & Martin, 2006; 

                                                      
6 With ‘presentations’ we will mean instances of event trials, including not only the presentation of the event 
cues on the screen, but also the entire event (i.e., the recalled past event or the simulated future event) 
constructed during that trial. First presentations are novel events, while subsequent presentations are repeated 
events.  
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Henson, 2003)7. If external contextual novelty is unique to future event simulation, this would suggest 

that event construction is more intensive for future than past events. This difference should be 

reflected by greater effects of repetition on the time taken to construct future events (as measured by 

RT, see Addis et al., 2007; Weiler, Suchan, & Daum, 2011); that is, event construction time is 

expected to be higher for future than past events. We also expect greater effects of repetition (for 

future relative to past events) on the contents of the simulations (as indexed by detail ratings, see 

Addis et al., 2007; Hassabis, Kumaran, & Maguire, 2007; Weiler, Suchan, & Daum, 2011). 

Specifically, detail is expected to be lower for future events, as more effort may be required to 

construct future events than past events, resulting in less time for additional details to be integrated. 

Yet there is another differential aspect of novelty between past and future events. Past events 

have already happened and, as such, are by definition plausible. In contrast, given the uncertainty of 

the future, future events can be very dissimilar to past experience and hence can range from plausible 

to implausible. Items or associations that are uncommon, and therefore novel relative to commonly 

encountered items or associations, constitute ‘absolute’ novelty, or categorical novelty (e.g., 

Blackford et al., 2010). Thus, future events can be categorically novel in addition to being 

contextually novel: the newly imagined events can be uncommon relative to previously experienced 

events.  

There is some evidence that categorical novelty can influence future event simulations. In a 

study that examined future events of low and high occurrence probability, Weiler and colleagues 

found that events of low occurrence probability received lower plausibility ratings and contained less 

details than events of high occurrence probability, but engaged the anterior hippocampus more 

(Weiler et al., 2010a). It is likely that events with a low occurrence probability contained more 

uncommon combinations of details and were more difficult to construct. Similarly, differential 

anterior hippocampal activation has been found for remote future events relative to events in the 

                                                      
7 While the enhancement in  behavioural responses over repetitions (such as faster or more accurate responses) 
is often denoted as ‘priming’, the accompanying reduction in brain activation is generally called ‘repetition 
suppression’ (Grill-Spector et al., 2006). This reduction of activity for repeated items is considered equivalent to 
increased activation when these items are novel (Habib, 2001). 
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nearer future, which likely consist of less disparate details (Addis & Schacter, 2008). These findings 

suggest that categorical novelty may influence construction-related processes. 

Bringing together the concepts of contextual and categorical novelty, we investigated whether 

the degree of categorical novelty influences past-future differences and whether such differences 

change with decreasing contextual novelty (i.e., across presentations). We hypothesised that if 

categorical novelty influences past-future differences, then future events high in categorical novelty 

should be less similar to past events than future events that are low in categorical novelty, both in 

terms of RT and the amount of detail comprising the events. This difference should be more 

pronounced during the first presentation, given that categorically novel events should be more 

difficult to initially construct, but should then decrease across presentations as both contextual and 

categorical novelty dissipates. 

In addition, categorically novel future events differ from common future events in that they are 

more dissimilar from past experiences and thus likely contain more disparate details. Common events 

involve more recently experienced and more familiar settings, such as one’s current home (Szpunar & 

McDermott, 2008a). Furthermore, imagined events that take place in familiar locations contain more 

details, are easier to imagine, and have a greater sense of pre-experience (Arnold et al., 2011b; de 

Vito, Gamboz, & Brandimonte, 2012; Szpunar & McDermott, 2008a). Together, these findings 

suggest that events which are higher in categorical novelty may consist of combinations of memory 

details that normally do not co-occur, and that take place in unfamiliar locations. It has however not 

been shown directly whether common or plausible future events differ from uncommon ones in terms 

of familiarity. Thus, to further examine this question, participants were required to indicate the 

familiarity of the key episodic details comprising the simulation. On the basis of previous findings, we 

expected that events high in categorical novelty should contain less familiar locations than events low 

in categorical novelty.  

  

2.2 Methods 
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2.2.1 Participants 

Twenty-three healthy young adults consented to participate in this study, approved by The 

University of Auckland Human Participants Ethics Committee. All participants were fluent in 

English, had no history of neurologic or psychiatric conditions or use of psychotropic medications, 

and had not participated in previous future simulation studies. Three participants were excluded due to 

insufficient responses (button presses indicating event construction) to future event simulations 

(>25% trials without response). Thus, data from twenty participants (10 males, aged 18-24 years, 

M=19.6 years old) were analysed.  

 

2.2.2 Procedure 

We adapted the episodic recombination paradigm (Addis, et al., 2009) to include a repetition-

suppression manipulation (Wagner, Maril, & Schacter, 2000). The episodic recombination paradigm 

was designed to ensure that novel future events were constructed, by requiring participants to imagine 

a new future event including a novel combination of their own episodic details (see for more 

explanation below) and to prevent the ‘recasting’ of a past event as a future event (as is possible in the 

Crovitz cueing paradigm, in which participants imagine events in response to a single, generic cue 

word; e.g., Addis et al., 2007).  

The present experiment consisted of three sessions. In the first session, participants recalled 

memories and identified details (person, location and object) in these memories. In the second session, 

participants recalled past memories and imagined future events involving these memory details. In the 

third session, participants were interviewed about the recalled and imagined events. See Appendices 

A, B1 and B2 for the instruction sheets used for the three sessions. 

 

2.2.3 Session 1: Stimuli collection  

During Session 1, participants recalled 100 episodic events from the past ten years. Piloting in 

our lab has previously demonstrated that a limit of five years in the past was insufficient for the 

participants to be able to retrieve 100 distinct specific events; hence the limit has been extended to ten 

years. To aid their memory retrieval, participants were given a list of events they might have 
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experienced, adapted from a list used previously in similar research in the United States (Addis, Pan, 

et al., 2009) to be more appropriate for New Zealand residents (see Appendix A). Participants gave a 

short description of each memory so that event specificity could be verified) and identified the year of 

occurrence (which was later transformed into temporal distance in years from the present). In each 

memory, a person, location and object were identified; these memory details were not to be duplicated 

across events. Participants also rated each memory detail for familiarity on a scale from 0 

(“unfamiliar”) to 3 (“very familiar”) depending on how familiar they felt with each person, location or 

object.  

To create cues for the two event conditions comprising Session 2 (past, recall past event; 

future, imagine future event), two procedures were followed (see Figure 2.1). For the future condition, 

memory details were randomly recombined into new person-location-object sets, where each of the 

three memory details came from a different memory. For the past condition, memory details were 

retained in their original set. The allocation of memory details to the future or past condition was 

randomised and no memory details were duplicated across conditions. 

 

Figure 2.1: Stimuli collection and cue creation in the recombination paradigm. Details that are 

collected during the Session 1 are either retained in their original set for past event cues (Recall Past 

Event cue, top), or recombined into a new set for future event cues (Imagine Future Event cues, 

bottom). Colours are for clarification purposes only and were not used in the actual experiment. 
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2.2.4 Session 2: Past recall and future simulation 

Approximately one to two weeks later (M=11 days, SD=6.8 days), participants completed 

Session 2. During this session, participants repeatedly recalled past events and imagined future events 

(see appendix B1 for detailed instructions). Every event condition trial (i.e., past and future) was 

repeated twice after the first presentation. That is, participants generated each event three times in 

total. The event conditions had 40 trials each, repeated three times, resulting in a total of 120 trials per 

condition. During the first presentation (first), the instruction “recall past” or “imagine future” was 

provided. The participants either remembered a past event from the previous ten years or imagined a 

novel event that might occur in the next five years; in both conditions, the participant had to 

incorporate the three components provided into an event that was specific in time and place. For 

example, “I imagine that, in three weeks from now, I meet up with Lauranne at the coffee shop 

‘Tasman’, and I show her my new shoes. She thinks they are really nice.” (see Figure 2.1). Each trial 

lasted for eight seconds, the average time needed to construct a future event (Addis et al., 2007). Once 

participants had an event in mind, they made a button press (this did however not change the screen) 

and were asked to continue elaborating on the recalled or imagined event (until the 8 s were over), 

until a four-point rating scale for imagined detail (0=vague; 3=vivid) was presented (for 4 s). This 

rating screen was followed by a rating screen for plausibility, with a four-point rating scale 

(0=implausible, 3=very plausible; 4 s). For future events, this rating reflected how plausible it was for 

the event to happen at some point in the future. It was stressed to participants that this did not mean 

that the event had to take place in the future, but rather whether or not it was feasible that the event 

might happen. Because all past events are plausible to the extent that they have happened, participants 

were asked to rate how plausible this event would have seemed a week before it actually happened. 

Note, however, that the plausibility ratings for past events were only included in the experiment to 

keep the past condition as similar to the future condition in terms of set-up, but were not included in 

the analyses given these conceptual differences. Rating scales were followed by a fixation cross that 

was presented for a variable duration, ranging from two to four seconds, so as to avoid participants 

having expectations of when the next trial would commence. See Figure 2.2 for a schematic overview 

of a trial.  
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During second and third presentations (second, third), participants were re-presented with an 

already viewed detail set and instructed to again remember the same past event (past condition) or to 

“re-imagine” the original simulation (future condition).They were instructed to refrain from radically 

changing the simulation (such as progressing the event in time) and were encouraged to allow the 

previously constructed event come to mind. These repeated presentations were identical in set-up to 

the first presentations (cue followed by detail rating and fixation), except that plausibility ratings were 

not presented again8. The amount of time separating the presentations (first-second and second-third) 

was pseudo-randomised to avoid regularity, and included one to four intervening event trials (M=2.47 

trials; SD=0.92 trials). Thus, the duration of the interval between subsequent presentations ranged 

from 12 to 60 seconds (M=32.68 s; SD=12.86 s), plus a variable duration of fixation trials, ranging 

from an additional two to four seconds for every intervening trial. See Figure 2.2 for a schematic 

overview of an event sequence in a run. E-Prime software (Psychology Software Tools Inc.) was used 

to present stimuli and collect responses.  

                                                      
8 When designing this study, we did not expect plausibility ratings to change significantly over presentations 
given the instruction to not change the simulation content (but see Szpunar and Schacter (2013) for more recent 
evidence suggesting that repeatedly imagining the same simulation may change plausibility) 
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Figure 2.2: An example trial and example portion of a run. The top panel provides an example of a 

first trial in the future condition. In each trial, participants either imagine a future event or recall a past 

event and then make ratings (followed by a fixation screen). Past trials are identical to future trials in 

set-up (but differ in presented instructions and detail sets). Repeated presentations are identical to first 

presentations, except that the plausibility rating is not included. The bottom panel shows a portion of 

an example run. First, second and third presentation trials in both conditions (past, future) are 

intermixed with each other, in a pseudo-random counterbalanced manner. 

 

2.2.5 Session 3: Interview 

Immediately after the recall and simulation session, participants were interviewed about events 

they had remembered and imagined (see Appendix B2 for materials used). For future events, 
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participants gave a short description of every event that they imagined, estimated the temporal 

distance from the present, rated personal significance of the event (0=not significant, 3=very 

significant), rated event novelty relative to previous experiences (0=novel; 3=identical) and the 

consistency of the simulation across presentations (0=different; 3=identical). For past events, we 

asked participants to rate the personal significance of each event (0=not significant, 3=very 

significant), as well as the consistency of the event across presentations (0=different; 3=identical), to 

supplement the information collected in Session 1 (which included the description and temporal 

distance of each past event). 

 

2.3 Results 

 

To confirm that participants complied with the task instructions, several checks were carried 

out. Trial sets were excluded on any of the following criteria: (1) No RT was collected on one of the 

three presentations (indicating that no event was simulated); (2) the RT was too fast for the participant 

to have been able to read the screen (<500ms); (3) presentations were rated “0” for consistency, 

indicating participants generated distinct simulations across presentations; or (4) future events were 

rated as identical to previous experiences, indicating the participant did not generate a novel future 

event. Note that if one trial out of a set of three presentations met these exclusion trials, then all three 

trials were dropped from the analyses (i.e., the trial set). The analysed data included 95.3% of all trial 

sets. The participants’ average number of future trials was 93% (SD=6.05%) and 98.1% for past trials 

(SD=2.63%). Unfortunately, due to a technical issue, we lost the familiarity ratings for one person; the 

familiarity data for 19 persons have been analysed and presented here.  

Note that in all ANOVA analyses reported in this chapter, if Mauchly’s test indicated that the 

assumption of sphericity had been violated for an effect, degrees of freedom were corrected using 

Greenhouse-Geisser estimates of sphericity. Furthermore, all reported post-hoc pairwise comparisons 

have been Bonferroni-corrected; Bonferroni-adjusted p-values are provided and an alpha criterion of 

.05 was used.  
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2.3.1 Does contextual novelty affect future events differently than past events? 

Ratings of past and future events are shown in Table 2.1 (for completeness, plausibility ratings 

for past events are included as well). Past events were rated to have a significantly greater temporal 

distance from the present (t(19)=-2.57, p=.02) and to be more personally significant than future 

events (t(19)=-4.56, p<.001). Both past and future events were consistent over presentations (with an 

average rating of 2.4 out of 3) and this rating did not differ significantly across conditions (t(19)=-

1.53, p=.14). Finally, future events were rated as very dissimilar from previous experiences, with a 

similarity rating of close to zero on a scale from zero to three, indicating participants adhered to 

instructions to create novel future events.  

 

Table 2.1: Ratings of past and future events. 

Ratings  Mean ratings (SD) 

Plausibility past 2.98 (.37) 

 future 1.73 (.40) 

Temporal distance of event (years)* past 2.56 (.79) 

 future 2.11 (.56) 

Personal significance***† past 1.04 (.51) 

 future 0.59 (.47) 

Consistency of event across presentations† past 2.47 (.33) 

 future 2.33 (.34) 

Similarity of event to previous experiences† future 0.54 (.36) 

 
Note: †Participant ratings made using a four-point rating scale, ranging from 0 (low) to 3 (high). 
*p<.05; ***p<.001. 
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In order to determine whether contextual novelty affected RT for future events differentially 

from past events, we ran a repeated-measures ANOVA with factors event condition (past, future) and 

presentation (first, second, third) on RT data. This ANOVA demonstrated a main effect of event 

condition: participants were significantly quicker to generate a past event than a future event 

(F(1,19)=73.14, p<.001), as shown in Figure 2.3. A main effect of presentation was also found: RT 

decreased significantly over presentations (F(1.33,25.24)=229.28, p<.001), where RT for the second 

and third presentations was significantly faster than the preceding presentation (p-values <.001). An 

interaction effect indicated that the effect of presentation was different for past and future events 

(F(1.16,22.08)=36.79, p<.001). For future events, all presentations differed significantly (p-

values<.001). For past events however, while the first presentation differed significantly from the 

second and third, the second and third did not differ significantly from each other (although there was 

a trend, p=.06). Note that RTs were significantly faster for past events than future events at every 

presentation (p-values<.05). Thus, while it is possible that there is a floor effect for RT that results in 

an apparent reduction of the past-future difference at faster RTs (on repeated presentations), the 

finding that past-future differences were evident for all presentations suggests this was not the case. 

To quantify the total reduction in RT across presentations, we calculated a ‘RT benefit’ score - the 

difference in RT between the first and the third presentation. The RT benefit was significantly greater 

for future (M=2.5 s, SD=.84 s) than for past events (M=1.5 s, SD=.59 s; t(19)=5.62, p<.001), in line 

with the presentation x condition interaction reported above. 
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Figure 2.3: Mean participant RT in seconds for past and future events, at three presentations. Error 

bars are standard error of the mean. 

 

Next we were interested in whether contextual novelty would affect the amount of detail 

incorporated into future and past events. To this end, we conducted a repeated-measures ANOVA 

with the factors event condition (past, future) and presentation (first, second, third) on the detail 

ratings. This analysis showed that there was a main effect of event condition: participants always 

simulated more detail for past than for future events (F(1,19)=122.31, p<.001), see Figure 2.4. A 

main effect of presentation indicated that detail increased significantly over presentations 

(F(1.14,21.71)=32.57, p<.001). Post-hoc comparisons showed that there was an increase at each 

presentation, that is, from the first to the second presentation (p≤.001) and from the second to the third 

presentation (p<.001). A significant interaction effect however indicated that detail was affected 

differently over presentations for past and future events (F(1.45,27.48)=17.32, p<.001). Pairwise 

comparisons demonstrated that all presentations differed significantly from each other for both 

conditions (p-values<.02), and that both conditions differed significantly from each other at all 

presentations (p-values<.001). The interaction effect hence reflected that the total change in detail 

from the first to third presentation was significantly greater for future events than for past events. In 
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other words, the degree of the past-future difference was greater during the first than during the third 

presentation.  

We explored this possibility further by calculating a ‘detail addition’ score that captures the 

change in detail ratings across presentations. This score was calculated by subtracting the final detail 

rating (third) with the initial one (first). A paired-samples t-test indicated that the detail addition score 

differed significantly between the two conditions, and was greater for future (M=.53, SD=.35) than for 

past (M=.20, SD=.30) events (t(19)=4.97, p<.001). While it could be argued that a ceiling effect might 

constrains just how many details can be incorporated into an event, participants did use the full range 

of the scale.  

 

Figure 2.4: Mean participant detail ratings (on a scale of 0-3) for past and future events, at three 

presentations. Error bars are standard error of the mean.  

 

2.3.2 Does categorical novelty modulate effects of contextual novelty? 

 

Next, we explored whether categorical novelty influences the contextual novelty effects of 

future events. To this end, we created post-hoc categorical novelty conditions for the future condition 

on the basis of plausibility ratings. We used a median split to divide the future events into those that 

were rated as ‘low in plausibility’ and ‘high in plausibility’ on the basis of the individuals’ 
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distribution of plausibility ratings. For most individuals (n=15 out of 20), this meant that future events 

with a rating of ‘0’ (on a scale from 0-3) were considered of low plausibility (participants’ average 

62% of the future events, SD=16.5%), and ratings of ‘1’ to ‘3’ as future events with some degree of 

plausibility, or higher plausibility (the remaining 38%). For the remaining individuals (n=5), the 

individual median split meant that future events with a rating of ‘0’ or ‘1’ where grouped as low 

plausibility (63% of the future events, SD=13.27%), and ‘2’ and ‘3’ as higher plausibility (the 

remaining 37%).  

Post-recall/simulation ratings for past, high plausibility future and low plausibility future events 

are shown in Table 2.2. A repeated-measures ANOVA with factor event condition (past, high 

plausibility future, low plausibility future) showed a main effect of event condition for temporal 

distance (F(2,38)=6.25, p=.004). Post-hoc pairwise comparisons revealed that the only significant 

difference in temporal distance was between past and high plausibility future events, with past events 

having a greater temporal distance from the present (p=.02, all other comparisons, p-values>1.51). 

Another repeated-measures ANOVA on personal significance ratings demonstrated a main effect of 

event condition (F(1.35,25.71)=19.17, p<.001). This effect was driven by the past condition, which 

had significantly higher personal significance ratings than both high (p=.001) and low (p=.001) 

plausibility future events, while the future conditions did not differ significantly from each other 

(p=1.00). To ensure that the ratings of consistency over presentations did not differ by condition we 

carried out a repeated-measures ANOVA on consistency over presentations for the three event 

conditions. There was a main effect of event condition (F(1.49,28.38)=3.75, p=.05) and pairwise 

comparisons showed that the low plausibility future events were rated as lower in consistency of 

presentation than high plausibility future events (p=.002) and past events (p=.05). Finally, a paired-

samples t-test revealed that the similarity of events to previous experiences differed significantly 

between the two future conditions: higher plausibility future events were significantly more similar to 

previous experiences than low plausibility future events (t(19)=4.95, p<.001). 
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Table 2.2: Post-recall/simulation ratings of past events and low and high plausibility future events 

 
Post-recall/simulation rating  Mean ratings (SD) 

Temporal distance of event (years)** past 2.56 (.79) 

 high plausibility future 1.94 (.65) 

 low plausibility future 2.21 (.68) 

Personal significance***† past 1.04 (.51) 

 high plausibility future .61 (.46) 

 low plausibility future .57 (.49) 

Consistency of event across presentations*† past 2.47 (.34) 

 high plausibility future 2.47 (.34) 

 low plausibility future 2.26 (.39) 

Similarity of event to previous 

experiences***† 

high plausibility future 

low plausibility future 

.76 (.44) 

.43 (.33) 

   

Note: †Participant ratings made using a four-point rating scale, ranging from 0 (low) to 3 (high). 

*p<.05; **p<.01; ***p<.001. 

 

In the first set of analyses we showed that there was a difference in contextual novelty between 

future and past events, which influences both RT and detail ratings. We were interested as to whether 

these effects would be modulated by categorical novelty in future events. First, to explore how 

categorical novelty influences RT, we computed a repeated-measures ANOVA with the factors event 

condition (past, high-plausibility future, low-plausibility future) and presentation (first, second, third) 

on RT. The analysis demonstrated a significant main effect of event condition (F(2,38)=35.27, 

p<.001; see Figure 2.5). Post-hoc pairwise comparisons revealed that past differed significantly from 

the future conditions (p-values<.001), which did not differ significantly from each other (p=.07). The 

analysis also showed a main effect of presentation (F(1.52,22.01)=218.54, p<.001), where all 
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presentations differed significantly from each other (p-values<.001). A significant interaction effect 

(F(2.17,41.17)=25.46, p<.001) reflected that RT for past events were significantly faster than both 

high and low plausibility future events during the first (p-values<.001) and second (p-values<.01), but 

not third (p-values>.12) presentation. This interaction also reflected that for both future conditions, all 

presentations differed significantly from each other (p-values<.01). For past events however, first 

differed significantly from second and third, while second did not differ from third (though there was 

a trend, p=.06). 

As before, we calculated the RT benefit scores to further characterise the reduction in RT. A 

repeated-measures ANOVA with the within-subjects factor event condition (past, high plausibility 

future, low plausibility future) indicated that RT benefit differed significantly between the three 

conditions (F(1.41,26.83)=26.83, p<.001), where the RT benefit for past events (M=1.55, SD=.59 s) 

was significantly smaller than those for high plausibility (M=2.38, SD=.80; p<.001) and low 

plausibility (M=2.58, SD=.87 s; p<.001) future events, but with no difference between the future 

conditions (p=.15).  
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Figure 2.5: Mean participant RT (seconds) for past events, and plausible and implausible future 

events, at three presentations. Error bars are standard error of the mean. 

 

To investigate the effect of categorical novelty on detail over the presentations, a repeated-

measures ANOVA was computed with the factors event condition (past, high plausibility future, low 

plausibility future) and presentation (first, second, third), see Figure 2.6. The ANOVA showed a 

significant main effect of event condition (F(1.85,35.10)=53.27, p<.001), with past events being more 

detailed than events in the future conditions (p -values<.001), and high plausibility future events 

receiving higher detail ratings than low plausibility future events (p<.001). A main effect of 

presentation (F(2,38)=27.41, p<.001) reflected that with every additional presentation, the detail 

rating increased significantly (p-values<.001). This analysis also demonstrated a significant 

interaction effect (F(2.84,54.03)=12.38, p<.001). Pairwise comparisons revealed that during the first 

and second presentation, all conditions differed significantly from each other (p-values<.01) while 

during the third, low and high plausibility future events no longer differed significantly (p=.24). The 

interaction effect also reflected that the differences between the first and second presentation and 

between the first and third were significant for all conditions (p-values<.05), while the difference 

between the second and third presentation was not significant for high plausibility future events 

(p=.45), though it was for the other conditions (p-values<.02). 

As before, we were interested in how detail changed from the first to the last event presentation, 

and calculated the detail addition score for each participant. A repeated-measures ANOVA with factor 

event condition (past, high plausibility future, low plausibility future) on detail addition showed that 

detail addition differed significantly between the three event conditions (F(2,38)=14.62, p<.001). 

Pairwise comparisons further elucidated that detail addition was higher in low plausibility future 

events (M=.63, SD=.37; p<.001) than in past events (M=.20, SD=.30; p<.001) and high plausibility 

future events (M=.37, SD=.47; p=.01). There was no significant difference in detail addition between 

past and high plausibility future events (p=.11).  
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Figure 2.6: Mean participant detail ratings (on a scale of 0-3) for past events, and plausible and 

implausible future events, at three presentations. Error bars are standard error of the mean.  

 

2.3.3 Does familiarity of event components affect categorical novelty? 

We were also interested in whether high and low plausibility future events would differ in 

terms of the familiarity of the three component details incorporated into the future events, and in 

particular for the location of the event. To this end, a repeated-measures ANOVA with factors event 

component (person, location, object) and event condition (high plausibility future, low plausibility 

future) was carried out on the familiarity ratings (see Table 2.3). The analysis demonstrated a 

significant main effect of event condition (F(1,18)=4.81, p=.04), with higher familiarity ratings for 

high plausibility future events than for low plausibility future events. We did not find a significant 

main effect of event component (F(1.22,22.00=2.22, p=.13) nor a significant interaction effect 

(F(2,36)=.04, p=.96).  
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Table 2.3: Familiarity ratings of details in future events† 

Familiarity rating  Mean ratings (SD) 

Person high plausibility future 2.02 (.48) 

 low plausibility future 1.90 (.45) 

Location high plausibility future 1.83 (.41) 

 low plausibility future 1.75 (.42) 

Object high plausibility future 1.86 (.47) 

 low plausibility future 1.77 (.34) 

Note: †Participant ratings made using a four-point rating scale, ranging from 0 (low) to 3 (high).  

 

2.4 Discussion 

 

 The main aim of this study was to determine whether there are differences in contextual 

novelty between past and future events, and whether categorical novelty modulates such differences. 

We hypothesised that, as future events are novel and need to be constructed ‘from scratch’, there 

would be a greater effect of contextual novelty for future than for past events in this experiment. In 

other words, while both past and future events are initially novel in the context of the experiment 

(internal contextual novelty), only future events are also novel in the participant’s life (external 

contextual novelty). We expected this effect to be evident for RT and detail ratings in particular 

during the first presentation, and we expected the effect to decrease over repeated presentations, 

following decreasing contextual novelty.  

Our RT data showed a clear pattern in line with our hypothesis: Future events initially took 

more time to construct than past events, but this difference dissipated by the third presentation. 

Furthermore, the RT benefit, which represents the degree of contextual novelty in that it reflects the 

difference between the initial construction and the repeated presentations, was significantly larger for 

future than for past events. This difference in RT benefit may reflect that while future events are 
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associated with both internal and external contextual novelty, past events are associated with internal 

contextual novelty only.  

Interestingly however, of the previous past-future thinking studies that report RT for event 

constructions, none have found RT differences between past and future events (Addis, Cheng, et al., 

2011; Addis, Knapp, Roberts, & Schacter, 2012; Addis et al., 2007; Botzung et al., 2008; 

D'Argembeau & Van der Linden, 2004; Weiler et al., 2010b; Weiler, Suchan, & Daum, 2011). It may 

be that the difference in RT between past and future events reported here is due in part to the use of 

the recombination paradigm, in which future events need to be constructed specifically from three 

presented memory details (rather than a generic word cue, as in the Crovitz cueing paradigm utilised 

by the studies referred to above). Seemingly contrary to this explanation, however, is that the only 

other study that employed the recombination paradigm and collected RT neither found a RT 

difference between past and future (Addis et al., 2009). However, this study involved an fMRI 

experiment in which it is crucial to equate all behavioural factors to ensure that fMRI contrasts 

measure past recall versus future imagination specifically, rather than differences in, for example, RT 

or detail ratings9. Accordingly, the authors took precautions to eliminate these RT differences by 

design. During each past recall trial, participants were required to recall three events (one for each 

detail presented), while during each future imagination trial, participants imagined one future trial 

incorporating the three presented details. Thus, when using the recombination paradigm, imagining 

one future event will take longer than recalling one past event.  

It may be that the recombination paradigm is particularly effective at inducing novelty, as also 

reflected by the very low ratings of similarity to previous experiences for the future events, relative to 

other future simulation paradigms that allow subjects to simulate (or even recast) commonplace future 

events (e.g., Okuda et al., 2003). For example, Addis et al. (2011) have used the same similarity rating 

as in this study, but a different paradigm (i.e., Crovitz cueing paradigm), and has reported ratings of 

                                                      
9The most common method to measure brain activity and relate it to cognition is through the method of 
subtraction. In this method, brain activity is measured during two separate cognitive tasks that differ from each 
other in ideally one specific, identifiable aspect, such as a specific cognitive process. When these two tasks are 
subtracted, the resulting pattern of brain activity is assumed to represent the activity specific to the specified 
cognitive difference between the two tasks (Habib, 2001; Roland & Friberg, 1985). As such, it is undesirable to 
have additional differences between the two tasks, which would confound the targeted cognitive feature or 
difference.  
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similarity to previous experiences that appear quite a bit higher than here (average 4.00 on a scale 

from ‘1, novel’ to ‘5, identical’, rather than 0.54 on a scale from ‘0, novel’ to ‘3, identical’ here). 

Thus, the recombination paradigm may have increased the difference in external contextual novelty 

between past and future events.  

Detail ratings, on the other hand, increased over presentations but showed a slightly different 

pattern for past and future events than did the RT data. Specifically, past events had consistently 

higher detail ratings than future events, during contextually novel (‘first’) and repeated presentations. 

Past events may have contained more details overall because they were more personally significant 

than future events. However, ratings for personal significance were relatively low (around 1 for past 

events on a scale from 0-3), indicating that the events were fairly neutral, and thus it is unlikely that 

this past-future difference affected the current results. Episodic simulation studies using the personal 

significance rating have typically found similar low scores for both past and future events (Addis, 

Pan, et al., 2009; Addis et al., 2007), and therefore it may be that participants generate neutral events 

in these kinds of tasks, unless instructed otherwise (e.g., Szpunar, Addis, & Schacter, 2012).  

Another difference between past and future events that potentially could have influenced detail 

ratings was the temporal distance of the events from the present. The temporal distance from the 

present was approximately two and a half years for past, but approximately two years for future 

events. More distant events (in either temporal direction) tend to contain less detail than events closer 

to the present (D'Argembeau & Van der Linden, 2004; Trope & Liberman, 2003), because events 

closer to the present are more likely to involve settings that are experienced on a daily basis, which 

are represented in greater perceptual detail than settings in remote events (Brewer, 1986; see also 

Szpunar & McDermott, 2008a). However, the opposite was evident here: The more distant past events 

were more detailed than the closer future events, and therefore temporal distance is likely not an 

explanation for the higher detail in past events relative to future events in this study. The difference in 

temporal distance is likely an artefact of the testing procedure that allowed participants to think of 

events ten years into the past, but only five years into the future. The task was designed this way 

because participants were unable to retrieve enough memories from the past five years, which we had 

initially set up as a time constraint, since we were interested in close future events. Though likely not 
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a major impact on the current results, in future experiments comparing past and future events, it 

would be ideal to equate these temporal limits for both temporal directions (i.e., raising the time limit 

for future events to ten years as well) to avoid any potential confounds.  

While higher detail ratings for past than for future events is in line with previous research 

(Addis, Pan, et al., 2009; Addis, Sacchetti, et al., 2009; Arnold et al., 2011b; Hassabis, Kumaran, & 

Maguire, 2007; Weiler, Suchan, & Daum, 2011), we expected this effect to have dissipated by the 

third presentation when contextual novelty had waned off, but this was not the case. This pattern of 

findings fits with the reality monitoring theory in the sense that mental scenes based on person 

experience (i.e., memory) are typically represented in greater sensorial and perceptual detail than 

mental scenes based on imagination (Johnson & Raye, 1981; Johnson et al., 1988). Interestingly 

however, the amount of detail added over presentations was significantly greater for future than for 

past events, despite the fact that past and future events did not differ significantly in consistency over 

repetitions. This suggests that, even if past events were rated as more detailed than future events at 

every presentation, the difference between past and future events did reduce with repeated 

presentations, as more details were added to future events. The greater initial difference in detail 

ratings might be a consequence of a greater contextual novelty for future events than for past events. 

Future events might be more effortful to construct initially than past events, also making it harder to 

elaborate on these events, and leaving little time in the trial for the participant to come up with extra 

details. Furthermore, the effort during the first presentation might make the imagining of the future 

initially less fluent than the recall of past event. Fluency of imagining has been shown to increase over 

repetition (Carroll, 1978), and such increases in fluency for imagined events over repetition are 

accompanied by increases in the amount or the clarity of detail (Szpunar & Schacter, 2013). Thus, as 

fluency increases over repetitions, future events might be rated as more detailed. Together, these 

detail and RT findings show that contextual novelty influences both the time to generate an event, as 

well as its content, at least in terms of number of details incorporated.  

The second aim was to examine the effect of categorical novelty on the contextual novelty 

differences between past and future events. We hypothesised that future events that were high in 

categorical novelty – here operationalised as low plausibility future events - would initially take more 
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effort and consist of fewer details than future events low in categorical novelty, and that the future 

events low in categorical novelty would be more similar to past events than future events high in 

categorical novelty. These hypotheses were partially supported. High plausibility events comprised 

significantly more detail during the first presentation than low plausibility events, suggesting that 

elaborating on a low plausibility event takes a greater initial effort than a high plausibility event. This 

difference disappeared by the third presentation, due to the fact that across the presentations 

significantly more detail was added and integrated into the low plausibility events. While past events 

were consistently rated as more detailed than both high and low plausibility future events, past events 

were similar to high plausibility events in that a lower amount of detail was added over presentations 

than for low plausibility events. Surprisingly however, RT did not differ between low plausibility and 

high plausibility future events, nor did the RT benefit, indicating that although categorical novelty 

affected detail, it did not modulate RT. This is an interesting result, as we had expected RT for the 

two types of future events to differ at least during the first presentation, especially considering that the 

detail ratings did differ. 

An explanation for the present findings might be that repetition actually influenced the 

plausibility of the future events. Recently, it was reported that when participants repeatedly simulate 

emotional imagined future events, these events are rated as more plausible than when they were 

simulated only once (Szpunar & Schacter, 2013). In addition, these repeated events were rated as 

more detailed, higher in arousal, and easier to simulate. Notably, detail ratings increased over the 

presentation regardless of the explicit instructions to participants to avoid adding new details. It is 

currently not clear why events became more plausible over presentations; one idea is that because 

repeated simulations come to mind more easily, they feel more plausible (Anderson, 1983). If 

repetition of imagined events influences its plausibility ratings, it could be that in the current study 

differences in detail ratings between high plausibility and low plausibility future events faded at the 

third presentation because the low plausibility future events had become more plausible. Though our 

RT findings are compatible with this idea, we unfortunately did not collect plausibility ratings during 

every event presentation (only during the first), as we had not anticipated that the plausibility ratings 

would change over presentations. It is noteworthy though, that although Szpunar and Schacter report 
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that repetition increased the plausibility of the events, this was only the case for emotional events and 

not neutral events. While participants did not rate the level of emotion for the events here, the low 

ratings of personal significance for future events (>1 on a scale from 0-3) suggests that these events 

may have been quite neutral. As such, it may be that increases in plausibility over events were minor. 

However, these postulations need to be confirmed by additional research.  

Another explanation is that RT was influenced by the paradigm used. The experimental 

recombination paradigm requires the participant to incorporate three randomly selected details into a 

coherent event. These future events were later rated for plausibility; however, even events higher in 

plausibility may have consisted of details that were disparate to some degree, due to the random 

selection during cue creation. Thus, it may be that in this experiment coherent high plausibility future 

events were more difficult to create than plausible future events generated by means of for example 

the Crovitz cue paradigm, where an event comprises of details that the participant chooses to bring 

together. Requiring integration of key details could have led to increased RT for plausible future 

events in this study, bringing them up to the level of implausible future events. So far, it has not been 

tested as to whether future events are more difficult to generate in the recombination paradigm than 

other paradigms, so no firm conclusions can be made. Notably, the lack of a RT effect was not the 

result of a ceiling effect; it was not the case that both future event types required the full time 

available per trial. Rather, the results indicated that it takes about four and a half seconds (of an 

available 8 seconds) to integrate three disparate details into a novel, coherent event, regardless of 

whether this event is plausible or not. These results also speak against a simple relationship between 

fast RT and increased detail ratings, and they undermine the hypothesis that high plausibility future 

events received higher detail ratings because participants were quicker to generate these events, 

leaving more time of the trial for the participant to elaborate on the event and generate details, as RT 

did not differ between the high and low plausibility future events, while detail ratings did.  

The final aim of this study was to investigate whether familiarity with the event components 

might influence the plausibility of a future event. We hypothesised based on previous related findings 

(e.g., Arnold et al., 2011b), that plausible future events would contain more familiar locations than 

implausible future events. However, the familiarity of all event components (person, location, object) 
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was significantly higher for high plausibility relative to low plausibility events. Counter to our 

hypothesis, these results suggest that the familiarity with the person and object in the event are just as 

important as location for the plausibility of the events.  

However, the hypothesis that the familiarity of location would be especially important may 

arise from a bias in the literature. While most studies so far have focused on the familiarity with the 

location or context, there is one study that looked at the average amount of familiar elements (people, 

places and objects) and novelty of near and distant future events (where novelty was defined as the 

frequency with which the event had occurred previously10)(Gamboz, Brandimonte, et al., 2010). It 

was found that distant future events rated as more novel and as containing less familiar elements than 

near future events. Thus, this study showed directly that future events differing in novelty also differ 

in number of total familiar elements. However, ratings for representations of familiar people, places 

and objects were grouped into a single familiarity index, so it is not clear whether any of the 

individual component ratings differed between the future event types. Nevertheless, the total 

familiarity rating gave rise to a difference between novel and frequently occurred events, in line with 

our findings here.  

The importance of the overall familiarity of components comprising an event has also been 

shown in a recent study by D’Argembeau and Van der Linden, who demonstrated that total familiarity 

affects the vividness of events (D'Argembeau & Van der Linden, 2012). In that study, participants 

imagined future events and ratings of the familiarity of the persons, locations and objects comprising 

the event were entered as predictors into a hierarchical linear model (Wright, 1998). The analysis 

showed that these ratings together significantly predicted the overall vividness of the events, which 

was an averaged index rating including visual details, sensory details, and clarity of people/objects 

and of location. Thus, when overall the components of a scenario are more familiar, rather than just 

the location, participants are more likely to come up with more detailed events. This is consistent with 

our findings: high plausibility future events containing more familiar persons, objects and locations, 

were consistently more detailed than low plausibility future events.  

                                                      
10 Unfortunately, no distinction was made between events that have never occurred in the past, and those that 
have frequently or rarely occurred, thus no clear distinction between contextual and categorical novelty can be 
made in that study.  
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In summary, the findings in this study suggest that both contextual and categorical novelty 

influence future event simulations. Future events, which are higher in contextual novelty than past 

events, took consistently longer to generate than past events, but this effect disappeared by the third 

presentation when contextual novelty had dissipated. Past events were always more detailed than 

future events, but the amount of detail added over presentations was greater for future events, possibly 

signalling the change in contextual novelty. Categorical novelty in this study did not influence the 

time taken to construct an event, but future events high in categorical novelty were rated as 

significantly less detailed than future events low in categorical novelty and past events, while the 

amount of detail added over presentations was greater. This finding indicates that additional effort 

may be required initially to generate details for categorically novel future events, more so than for 

past events and plausible future events, and that this effect dissipates over presentations.  

Interestingly, categorical novelty in this experiment influenced detail and familiarity ratings but 

not RT, contrary to our expectation following from the idea that implausible future events would be 

especially difficult to construct initially. The more detailed plausible events also differed from 

implausible events in that they consisted out of more familiar components. The time taken to generate 

an event, on the other hand, may be linked more closely to the disparateness of the details 

incorporated into a coherent event. The disparateness of details was not controlled in this experiment, 

but some events may have contained disparate details due to the random recombination in the cue 

creation process used here. The disparateness of details has previously been suggested to be a 

modulator of categorical novelty in future events (Weiler et al., 2010a). This poses the question 

whether categorical novelty in this experiment (as denoted by the plausibility ratings) followed from a 

combination of differences in familiarity and disparateness of details. It would be interesting to 

manipulate the disparateness of details - while keeping total familiarity of event components equal - to 

further investigate categorical novelty. Study 3 takes up this task in chapter 4.  

Importantly, having elucidated cognitive differences in contextual novelty between past and 

future events, the question remains whether these differences can speak to the previous findings of 

preferential activation for future relative to past events. Does the differential contextual novelty of 

future events, as demonstrated in this chapter, underlie the neural differences found between past and 
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future events? Research examining neural responses to contextual novelty in future event simulation – 

such as that presented in Study 2 – will further expand our knowledge about what is special about 

future events.  
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Chapter 3. Study 2 - The effect of contextual novelty on activity of the 

hippocampus and other core network regions for future event simulations 

 

3.1 Introduction 

 

Remembering past events and imagining future events recruits a common ‘core’ network of 

regions including medial PFC and parietal cortices, and MTL (e.g., Addis et al., 2007; Okuda et al., 

2003; Szpunar et al., 2007). However, imagining future events activates certain regions of this 

network, including the anterior RHC, significantly more than remembering past events (Addis, 

Cheng, et al., 2011; Addis et al., 2007; Weiler et al., 2010b). This effect is typically reported to be 

right lateralised, although differential bilateral hippocampal engagement has also been found (Addis, 

Pan, et al., 2009). It is a matter of current debate as to what this enhanced activity of the anterior 

hippocampus reflects (Addis & Schacter, 2012; Schacter et al., 2012).  

In Study 1, it was suggested that a key difference between past and future events might lie in 

contextual novelty. Contextual novelty is a type of novelty that occurs when items or associations are 

newly encountered, as compared to items or associations that have been encountered many times 

before. Future events are contextually novel, as they have not yet been experienced and need to be 

constructed from scratch, while past events have previously happened and have been encoded. The 

results of Study 1 demonstrate that there are greater effects of contextual novelty for future than for 

past events. These effects were evident both in terms of RT (time required for event generation) and 

ratings of the amount of details integrated in the event. The next step is to investigate whether these 

cognitive differences map onto neuroimaging findings, that is, whether these effects of contextual 

novelty underlie differential hippocampal activation for future event imagination.  

Previous research has demonstrated that contextual novelty, in the form of novel versus 

repeated stimuli (e.g., pictures of scenes and objects), preferentially engages the anterior hippocampus 

(Balderston, Schultz, & Helmstetter, 2011; Blackford et al., 2010; Strange, Fletcher, Henson, Friston, 

& Dolan, 1999; Yamaguchi, Hale, D'Esposito, & Knight, 2004). Furthermore, connectivity analyses 
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have demonstrated that the hippocampus is part of a larger network during novelty-related processes, 

such as novelty detection (e.g., Kiehl et al., 2005; Yamaguchi et al., 2004) (for a review, see 

Ranganath & Rainer, 2003). Based on these findings, we hypothesise that the contextual novelty of 

future event simulations will be associated with activity in the anterior hippocampus and functionally 

connected regions.  

In contrast, some studies have reported that remembering past events engages core network 

regions more than imagining future events (e.g., Botzung et al., 2008; D'Argembeau, Xue, Lu, Van 

der Linden, & Bechara, 2008; Hassabis, Kumaran, & Maguire, 2007, see also Chapter 1). These 

findings appear to speak against the idea that, relative to remembering, future simulation requires 

additional neural resources to support contextual novelty processes. However, it is notable that the 

paradigms used in these studies did not require the online construction of imagined events in the 

scanner. Participants imagined events in a pre-scanning session and recalled these imagined events in 

the scanner, thus greatly reducing the contextual novelty of the future events. Thus, one way to 

reconcile these findings is to suppose that while the imagining of a novel event draws on hippocampal 

resources, imagining “pre-constructed” events may not do so to the same degree. In line with this idea 

is the previous observation that hippocampal activity reduces across the duration of a future 

simulation trial, with maximal activity evident in the initial moments of event construction (Addis et 

al., 2007).  

To directly investigate the effects of contextual novelty on simulation-related neural activity, 

we had participants repeatedly simulate future events (see also Study 1) during an fMRI scanning 

session. Repetition suppression paradigms have previously been used to assess the differences in 

underlying activation for novel versus repeated stimuli (Dolan & Fletcher, 1997; Poppenk, McIntosh, 

Craik, & Moscovitch, 2010; Strange, Hurlemann, Duggins, Heinze, & Dolan, 2005; Yamaguchi et al., 

2004). Repetition suppression refers to the decrease in neural responses following stimulus repetition 

(Grill-Spector et al., 2006). Using a repetition suppression paradigm will allow us to contrast newly 

simulated events with repeated future events, giving us an indication of the effect of the initial 

contextual novelty. We predicted that anterior hippocampal activity, and its connectivity with other 
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structures in the core network, would decrease with repetitions, reflecting decreased contextual 

novelty during simulation.  

 One design consideration for the current study is that neural suppression across repetitions is 

typically accompanied by priming (Grill-Spector et al., 2006). Priming is the facilitation of the 

identification or production of an item as a result of prior encounters with that item (Habib, 2001; 

Schacter & Buckner, 1998). For example, increased ease of the task (i.e., facilitation) has been shown 

for repeated production tasks such as word-stem completion tasks and for repeated identification tasks 

such as the lexical decision task, in which participants have to decide whether a string of letters is a 

word or a non-word (see for a review, Henson, 2003). Thus, it may be that if we find decreased 

activation over repetitions in several brain regions including the hippocampus, these reductions in 

activation reflect the increasing ease of imagining future events over repetitions, rather than 

decreasing responses to the diminishing contextual novelty per se. Therefore, we will collect 

measurements of RT and include these data as a covariate in the imaging analysis (i.e., as a parametric 

modulation regressor). If repetition suppression effects primarily reflect the decrease in task difficulty 

rather than the decrease in contextual novelty, then neural activation should be modulated by RT. 

However, RT may also decrease with contextual novelty as less detail integration processes may be 

required for the same imagined event over repetitions. Thus, participants will also rate the amount of 

detail comprising the simulation for each repetition. 

As mentioned previously, hippocampal activation in future event simulations (relative to the 

recall of past events) is typically reported to be right-lateralised. However, in these reports it has not 

been tested statistically whether the RHC is significantly more activated than the left hippocampus. In 

this study, we will run a Lateralization Index (LI) analysis to statistically determine whether 

hippocampal engagement is left- or right-lateralised for future event simulation. We predict this 

hippocampal activation would be primarily right-lateralised, in line with most previous findings. 
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3.2 Methods 

3.2.1 Participants 

Twenty-five healthy, right-handed adults consented to participate in this study, approved by 

University of Auckland Human Participants Ethics Committee. All participants were fluent in 

English, had no history of neurologic or psychiatric conditions or use of psychotropic medications, 

had no fMRI contraindications (e.g., ferromagnetic implants), and had not participated in our previous 

studies on future simulation. Five participants were excluded due to excessive movement or 

insufficient responses; data from 20 participants (9 males, aged 18-30 years, M=20 years) are 

presented.  

 

3.2.2 Procedure 

We adapted the episodic recombination paradigm (Addis, Pan, et al., 2009) to include a 

repetition suppression manipulation (Wagner, Maril, & Schacter, 2000). The experiment consisted of 

three phases: a pre-scan session in which memories were recalled, a scan session in which participants 

repeatedly imagined future events, and a post-scan interview in which participants were interviewed 

about the content and features of their simulations (see Appendices A, C1 and C2 for instructions and 

materials used in these sessions). This design was very similar to that used in Study 1, except it did not 

include a past condition, but did include adaptations specifically for fMRI analyses, such inclusion of 

a control condition.  

3.2.2.1 Pre-scan session: Participants recalled 100 specific episodic events from the past ten 

years. Participants were presented with a list of events that may have happened to them to facilitate 

retrieval, as in Study 1 (see Appendix A). For each memory, a person, location and object were 

identified and described in a few words or less, with the restriction that these details could not be 

duplicated across events. That is, every person, location and object could be used only once. Details 

were randomly recombined into new person-location-object sets where all three details came from 

different memories (see Figure 3.1). These sets were consequently used as cues for the future event 

simulation task in the scan session.  
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Figure 3.1: Event simulation paradigm used in the fMRI scanner. As in Study 1, participants recalled 

persons, locations and objects from their memories in the pre-scan session. In the scan session, these 

memory details were randomly recombined into novel detail sets, and participants imagined future 

events incorporating these details, and subsequently rated these events for details. A control condition 

was used for fMRI purposes; trials in this condition involved a size judgment task followed by a 

difficulty rating screen. Trials were pseudo-randomly presented, with one to three future trials in 

between every repetition of a future event, as shown in the portion of an example scanning run.  

 

3.2.2.2 Scan session: Approximately one week later (M=8.05 days, SD=1.73 days), participants 

completed the scanning session. Prior to entering the scanner, a practice session was completed to 

familiarise the participants with the tasks and to allow time for questions. The practice session 

included completion of three future event trials (each repeated three times) and three control trials. 

Afterwards the participants were asked to describe the events they had imagined to ensure that they 

had complied with task instructions (i.e., that all events were specific in time and place, located in the 

future, and imagined from an egocentric viewpoint – see Appendix C1 for detailed instructions). The 

scanning session consisted of a structural scan (10 mins) and five 12-min functional runs (60 mins).  
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Sixty recombined detail sets were presented during fMRI; each was shown three times across 

the scanning session. During the first presentation (8 s), the instruction “imagine future” was provided 

with a detail set and participants imagined a novel event that might occur in the next 5 years, whilst 

incorporating the three details. Once participants had an event in mind, they made a button-press and 

continued imagining until a four-point rating scale for imagined detail (0=vague; 3=vivid) was 

presented (4 s). The second and third presentation of each set occurred within the same run after an 

average interval of 93.57 s (SD=26.00 s). This duration was pseudo-randomised to avoid regularity 

and included one to three future trials and a variable number of null and control trials. During the 

second and third presentations, participants were re-presented with an already viewed detail set and 

instructed to “re-imagine” the original simulation. As in Study 1, participants were encouraged to 

allow the previously constructed event come to mind, but to refrain from radically changing the 

simulation (such as progressing the event in time). It was considered acceptable if details in the event 

became ‘clearer’ over presentations (i.e., better or more easily visualised) as long as the event itself 

was not changed in any major way (e.g., a change in location, a change in people present, etc.). 

Participants also completed 60 trials of a size judgement task (adapted from Addis, Pan, et al., 

2009). This control task was designed to include similar elements to the future tasks, namely the 

presentation of instruction and three words on the screen, mental imagery and the formation of an 

integrated representation. In this task, participants were presented with a set of three nouns taken from 

Clark and Paivio’s extended norms (Clark & Paivio, 2004), and were required to visualise the stimuli 

and incorporate them into a sentence of the form “X is bigger than Y is bigger than Z”, thus 

performing a relative size judgment task. Nouns were all rated highly familiar (M=5.69), imageable 

(M=5.55) and concrete (M=6.94) (Clark & Paivio, 2004). Participants then rated the size judgment 

task for difficulty (4 s) on a four-point scale (0=not difficult; 3=extremely difficult), included to 

control for the act of making a rating in the future task.  

One fifth of total scan time comprised jittered fixation-cross trials (4-16 s) interspersed through 

the five runs (each 720 s), as determined using Optseq2 (Dale, 1999). Optseq2 is a tool which 

schedules the onsets of events or trials for event-related fMRI experiments (both in terms of order and 

timing). Optseq2 introduces ‘jittering’ into the experimental design, which results in variation in the 
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timing of the TR relative to the stimulus presentation. If there is no variation in that timing, then the 

same part of the haemodynamic response function (hrf; see section 3.2.5 for further explanation about 

this function) is sampled many times, while other parts of the hrf, perhaps even the peak, may not be 

sampled at all. Furthermore, the trials in the experiment are close enough in time for their 

hemodynamic repsonses to overlap – a known issue for event-related fMRI experiments (Buckner, 

1998; Dale & Buckner, 1997). Therefore, inter-trial intervals are jittered to optimally remove this 

overlap and so that many points of the hrf can be sampled. By varying the inter-trial intervals, 

Optseq2 also takes into account participants’ expectations and potential exhaustion.  

2.2.2.2 Post-scan session: Immediately after scanning, participants described each future event 

they had imagined in the MRI scanner so that the researcher could verify it was specific in time and 

place (see Appendix C2). Participants estimated the date of future occurrence, rated event novelty of 

the simulation relative to previous thoughts and experiences (0=novel; 3=identical) and the 

consistency of the simulation across repetitions (0=different; 3=identical; note that consistency 

referred to event content rather than clarity of the representation, as described above).  

 

3.2.3 MRI acquisition 

Anatomical data were acquired on a Siemens 1.5T Avanto MRI scanner using an MP-RAGE 

sequence. Functional scans (25 coronal-oblique interleaved 5mm slices) were collected perpendicular 

to the long axis of the hippocampus, covering the whole brain, with a T2*-weighted EPI sequence 

(TR=2000ms, TE=23ms, FOV=200mm, flip angle=90o). Stimuli were projected onto a screen 

reflected into a mirror within the head coil. E-Prime software (Psychology Software Tools Inc.) was 

used to present stimuli and collect responses made on a 4-button MR-compatible button box. To allow 

for the longitudinal magnetisation to reach equilibrium, the initial four images from each run were 

discarded. 

 

3.2.4 MRI preprocessing 

Imaging data were preprocessed and analysed using SPM8 (Wellcome Trust Centre for 

Neuroimaging, London). Standard preprocessing included a number of different processes.  
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Slice-timing correction was used to correct for the fact that the scanner does not acquire all 

slices within a volume simultaneously but over the duration of the TR (in this case, 2 seconds). 

Therefore, BOLD signal of various parts of the brain are sampled at different time points during the 

experiment trials, but our analysis models assume that BOLD signal for the whole brain was sampled 

at the same time point. To correct for this issue, slice-timing correction examines the time course for 

each voxel, and shifts it by a small amount, whilst interpolating between the points that have been 

sampled (Sladky et al., 2011). This produces an interpolated signal that would have been collected if 

every voxel was sampled at exactly the same time.  

The next preprocessing step, realignment, involves corrections for participant movement and 

inhomogeneities in the magnetic field. Head motion can have a strong effect on the activation signal 

(Hajnal et al., 1994), even if it is small compared to the employed voxel size, as it invalidates the 

assumption that the variation of signal intensity between functional images is primarily due to 

changes in activation (rather than motion)(Friston, Williams, Howard, Frackowiak, & Turner, 1996). 

Rigid-body motion correction algorithms attempt to line up every functional image collected from a 

participant with the first image collected in a scanning run (the reference image), such that voxels 

correspond to the same location and blurring is avoided. The algorithm tries to find combinations of 

six rigid-body movement parameters (specifically 3 translations in the x, y and z directions and 3 

rotations about the x, y and z axes) for each image that minimises the intensity difference from the 

reference image on voxel-by-voxel basis (Johnstone et al., 2006). Furthermore, when distortion from 

magnetic field inhomogeneities occurs, the signal will not change linearly with subject position, 

violating the rigid-body assumption of realignment (Jezzard & Clare, 1999). To correct for these non-

linear changes in signal, unwarping is used. Unwarping computes how one map of the brain is warped 

over subsequent scans and corrects for motion-by-distortion interactions.  

In the current study, motion less than 5mm or 5 degrees was considered acceptable, and 

standard realignment procedures were applied. One participant’s data however contained slight 

movement artefacts that were slightly bigger (but <6mm) in 4.7% of TRs. ArtRepair software 

(http://web.mit.edu/swg/software.htm) was used to repair slice artifacts in raw functional images 

before preprocessing, and volume artifacts after realignment but before estimation. ArtRepair uses a 

http://web.mit.edu/swg/software.htm
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motion adjustment algorithm, which avoids having to add motion regressors to the design matrix 

(which take up degrees of freedom in the model, thus decreasing the power of the model). Repairs 

were done via interpolation of the data from surrounding time points. Furthermore, in three other 

participants movement was excessive (>10mm), and these data were excluded from the study.  

Realigment processes are an important part of preprocessing, because the statistics in the 

analyses are computed individually for voxels, which can only be meaningful if the one voxel refers 

to the same region across images. The importance of this procedure applies for images within 

subjects, as taken care of here, but also for images between subjects which is a challenge given 

individual variability in brain size and anatomy. Spatial normalisation warps a subject’s brain images 

to a standard spatial template, placing all participant images in the same three dimensional space to 

allow comparisons between subjects and experiments. Spatial normalization of the functional images 

to the Montreal Neurological Institute (MNI) template (which was generated from scans of 152 

individuals) was achieved using normalization parameters derived from anatomical landmarks during 

the segmentation of the structural image into grey matter, white matter and cerebrospinal fluid. All 

participant images were then resampled at 2x2x2 mm voxels, ensuring a consistent voxel-size across 

individuals. Furthermore, spatial smoothing (8mm full-width half-maximum, FWHM, Gaussian 

kernel) was employed to compensate for residual between-subject variability after normalisation. 

Smoothing spreads the signal intensity at each voxel over nearby voxels to correct for noise spikes 

(under the assumption that neighbouring voxels often show similar effects). Moreover, averaging 

together signal at neighbouring voxels ‘blurs’ any residual anatomical differences across subjects.  

Finally, high-pass filtering was employed to remove low-frequency scanner drifts (128s cut-

off). The magnetic field of the scanner has slight drifts in strength over time which produces a 

systematic change in MRI signal. This scanner drift reduces signal power, and moreover, drift in 

signal can be confounded with task-related signal. Therefore, scanner drifts have to be removed. As 

these drifts are typically of a low frequency, a cut-off of 128s is used, and all frequencies below this 

criterion are removed; signal changes related to the tasks were of a higher frequency and not affected 

by this correction.  
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3.2.5 fMRI contrast analyses  

As mentioned in Chapter 1, changes in BOLD signal arise as stimulated neurons use up oxygen 

in the blood (resulting in deoxygenated blood), and oxygenated blood is rushed to these neurons to 

replenish them with oxygen. The change in oxygenation level gives rise to differences in the magnetic 

signal, which are detected by the fMRI scanner. To estimate the BOLD signal in experimental 

paradigms, SPM makes use of a canonical hrf function describing the change in BOLD signal 

assumed to take place when a brief, intense period of neural simulation (such as presentation of a 

stimulus or engaging in a cognitive task) has occurred. The change in blood flow (and BOLD signal) 

after stimulus/task onset is rather sluggish, and as fMRI measures changes in blood flow (and not 

electrical activity from the neuron directly) a model must be employed to ensure that the peak of 

activation is detected. Therefore, the hrf is used to estimate the expected change in BOLD signal after 

the stimulus/task onset, which takes about five to six seconds to peak. Thus, the stimulus function in 

the statistical model (i.e., the trial onsets) is convolved with SPM8’s canonical hrf. This convolved 

model is then used to predict task-related signal and create a statistical model of activity.  

 The statistical models of fMRI data are mixed effects models, meaning that fixed-effects 

models are used at the subject-level, but random-effects models at the group-level. Subject analyses 

are carried out with a fixed-effects model, which assumes that all the functional images in the model 

are from the same participant, so the variable ‘subject’ is fixed (Penny & Holmes, 2003). Fixed-

effects models are quite powerful, with as many degrees of freedom as functional images per subject. 

These analyses yield summary statistics of the effect size at every voxel for each participant, such as 

beta weights (weights of task effect on BOLD at each voxel) and contrast images (weighted sum of 

beta weights). These summary statistics are then entered into group-level, random-effects models. In 

the case of randomly selecting 20 participants from a larger population of participants, the variable 

‘subject’ is treated as a random effect. Thus, the random-effects model considers the variance between 

effect sizes as a random effect (Penny & Holmes, 2003). In this way, random-effects model assume 

that the measurements come from a random sample of a larger population, and therefore allow one to 

make generalisations to that larger population (Holmes & Friston, 1998). However, random-effects 

models have much more conservative power, with only as many degrees of freedom as the number of 
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subjects. But by combining fixed-effects model on the subject-level and random-effects model on the 

group-level, both within-subject variance and the between-subject variance are taken into account.  

Taking a one-sample t-test as an example of this mixed-effects approach, the relevant contrast 

image of the condition of interest is computed for each participant within their fixed-effects model. 

Participants’ contrast images is then entered into a group-level one-sample t-test analysis (akin to 

entering means into a behavioural analysis), to test whether the activation is reliably different from 

zero. The result is a t-value at every voxel of the group-level brain, which indicates whether the voxel 

is reliably activated for the task of interest.  

In the current study, fixed-effects subject-level models consisted of four regressors of interest: 

first, second, and third future conditions, control condition. Two regressors of no interest (excluded 

trials; ratings phase) were also modelled. The future condition regressors included trials for which RT 

was collected on all three repetitions (94.65% of all trials). We also used additional RT criteria to 

exclude trials on which accidental button presses were made (3.2% of all trials). For the first 

condition, we excluded trials where RT was less than two seconds, in line with previous research 

indicating that it takes participants approximately two seconds to read a screen with instructions and 

cue words on the first presentation (Addis et al., 2007). For repeated imaginings, we excluded any 

trials where RT was faster than 500ms (see also Study 1), to only exclude accidental button presses. 

Trials for which simulations did not comply with task instructions were also excluded, according to 

the following criteria: simulations rated (at post-scan) as “identical” to previous thoughts/experiences 

(0.9% of all trials); simulations rated as “different” with respect to consistency over presentations 

(0.3% of all trials). Given that for some trials multiple exclusionary criteria applied, in all 91.33% of 

the original trials were entered into the regressors of interest; the remaining trials were included in the 

model in the “excluded trials” regressor.  

At the group level, the random-effects model we used is one known as a “flexible factorial 

model”, which is akin to a repeated-measures design in that it includes a subject factor as well as the 

experimental conditions. Because a flexible factorial model accounts for some of the variance due to 

subject differences, the sensitivity of the model is increased. Our flexible factorial model had two 

factors (condition and subject) and was computed using five contrast images from each participant’s 
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fixed-effects model (i.e., one contrast image representing the average effect for each condition relative 

to the implicit baseline). We examined the regions engaged during future simulation relative to the 

control task with the contrast future(first, second, third)>control. We also computed two contrasts 

testing for linear trends first>second>third (c=[1 0 -1]) and third>second>first (c=[-1 0 1])11, and we 

tested for non-linear effects using two quadratic contrasts (c=[-1 2 -1] and [1 -2 1]).  

To investigate whether decreasing RTs were related to changes in neural activity across 

repetitions, we entered RTs as a parametric modulation regressor in the fixed-effects model. A 

parametric modulation regressor is a trial-by-trial covariate, and its inclusion in the fixed-effects 

model enables two related analyses to be conducted. One treats the parametric modulation regressor 

as a covariate of interest: Does neural activity modulate with the covariate during a certain condition? 

The second treats the parametric modulation regressor as a nuisance variable: Is there a significant 

effect in the model difference between condition 1 and 2, independent of the effects of the parametric 

modulation regressor? In this case, RT data were entered into the fixed-effects model as a covariate of 

interest (modelled linearly). We first computed a contrast to identify regions with higher amounts of 

neural activity during trials with a longer RT. The resulting contrast image of the parametric 

modulation effect from each participant’s fixed effects model was entered into a random-effects one-

sample t-test to identify regions where activity was significantly correlated with RTs at the group 

level. We also re-computed the contrast images for each condition of interest, obtaining an estimate of 

the effect of each condition that was independent of the effect of RT. These contrast images were then 

entered into a new random-effects flexible factorial model (set up as described above) and we re-

computed our first>second>third and third>second>first contrasts, controlling for RT.  

We computed additional analyses to determine whether any changes in signal across repetitions 

were the result of non-specific linear time-dependent effects, that is, increases or decreases in signal 

unrelated to the repetition manipulation that occur across the time window between the first and third 

future event trials. While we had controlled for low frequency signal drift across the duration of the 

                                                      
11 Despite the fact that the second condition is assigned a contrast weight of zero, these are the contrast weights 
recommended for testing linear trends over three conditions. These contrast weights are obtained by subtracting 
the mean from a more obvious linear contrast weights (c=[3 2 1] and c=[1 2 3]), resulting in a contrast testing 
for the slope of the line rather than the intercept. Note that scaling a contrast in this way does not affect the test 
statistic or the contribution of the second condition to the effect (see Mumford, 2008). 
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entire run with a high-pass filter (128s cut-off), we computed a new analysis to control for any non-

specific linear time-dependent effects occurring across the time interval separating the first and third 

future trials (M=93.57s, SD=26.00s). In order to model the change in signal over this time window, 

we divided our control trials into pairs separated by a time interval similar to that between the first 

and third future trials (M=89.31s, SD=48.29s; these intervals were not significantly different from 

those for the future trials, t38=.49, p=.63). We re-ran the fixed-effects and random-effects flexible 

factorial models to include the time1 and time2 control conditions. A repetition x condition interaction 

analysis was computed to identify regions with significant repetition effects (increases or decreases) 

for the future but not the control conditions.  

A correction for multiple comparisons was applied to all contrasts (pFWE<.05). As mentioned 

previously, statistics are computed at every voxel for each participant. This means that thousands of 

statistical values are computed for each participant, which greatly increases the chances of finding 

false positives. Therefore, corrections need to be applied. One option is to apply a Bonferroni 

correction – dividing the desired p-threshold by the number of tests – but that makes the correction a 

very conservative one. In addition, the Bonferroni correction requires that all tests are independent 

from each other. However, there is some degree of spatial correlation present in almost all functional 

imaging data (Brett, Penny, & Kiebel, 2003). Data from any one voxel will tend to be similar to data 

from neighbouring voxels; that is, there will be a correlation between neighbouring statistic values. 

This fact means that there are fewer independent values in the statistic model of the brain volume than 

there are voxels. Corrections are applied by random field theory (default in SPM), which takes into 

account the patterns of spatial correlation and smoothness of the data (i.e., how much the activations 

of neighbouring voxels have been ‘spread out’), thus attempting to control the Family Wise Error 

(FWE) rate. Random field corrections work well at a high smoothness, between 8 to 12mm FWHM as 

we have used here (Nichols & Hayasaka, 2003). 

Peak MNI coordinates were transformed into Talairach space for localization using a 

stereotactic atlas (Talairach & Tournoux, 1988). All coordinates are reported in MNI space. 

Activations are overlaid on the ch2better template in MRIcron (Rorden et al., 2007). For descriptive 

purposes, percent signal change data were extracted from 2mm spheres centred on peak voxels. 
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Masks of the spheres were created using MarsBaR (Brett, Anton, Valabregue, & Poline, 2002) and the 

REX toolbox (http://web.mit.edu/swg/software.htm) was used to extract beta values. Beta values were 

extracted from relevant beta images for each condition of interest in each participant’s fixed effects 

model. The beta values represent the change in signal in a particular condition from the implicit 

baseline (which, in our models, reflected activity during fixation). These values were rescaled and 

converted to percentages, that is, the percentage of change relative to the mean signal intensity in the 

run from the voxels comprising the sphere (‘percent signal change’).  

We also computed a LI for hippocampal activity, using the LI toolbox (Wilke & Lidzba, 2007). 

Previous future simulation studies have indicated that hippocampal activation is either left- or right-

lateralised (or bilateral). However, no study has tested whether activation is statistically stronger in 

the left or right hippocampus. In fact, it may be an artefact of thresholding that right hippocampal 

activation has frequently been reported; in other words, the left hippocampus may have been active to 

a degree not significantly different from the RHC but falling just below the threshold, resulting in an 

apparent lateralised effect. Therefore, in this study, we ran a laterality analysis, which determines 

laterality statistically. An anatomical “AAL Atlas” mask of the bilateral hippocampus from the WFU 

PickAtlas Toolbox (http://fmri.wfubmc.edu/software/PickAtlas) was computed for this analysis; the 

LI analysis only considered voxels falling within this mask. The LI for the future>control and 

first>second>third contrast images was determined using a bootstrap analysis that determines the 

laterality of activity using a sum of voxel values at different thresholds. LI values range from -1 

(extreme right) to +1 (extreme left).  

 

3.2.6 Functional connectivity analyses 

We used partial least squares (PLS), a covariance-based multivariate technique (Lobaugh, 

West, & McIntosh, 2001; Mcintosh, 1999), to examine whether the functional connectivity of the 

anterior RHC (‘seed’) with other brain regions also differs according to repetition. This technique 

identifies changes in activation in regions in the brain that occur at the same time and at a similar 

magnitude as the activation in the RHC, and whether such correlations change across experimental 

conditions (McIntosh, Bookstein, Haxby, & Grady, 1996; McIntosh & Lobaugh, 2004). In PLS, we 

http://web.mit.edu/swg/software.htm
http://fmri.wfubmc.edu/software/PickAtlas
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first extracted percent signal change responses from the peak RHC voxel from the contrast of 

future>control (see section 3.3.2). We used this omnibus contrast for voxel selection so as not to bias 

activity to show decreasing connectivity across repetitions. Across the time course of nine TRs, the 

differences in percent signal change between the future conditions were maximal at TR 5. Thus, 

signal from the peak RHC at TR 5 was used as the seed regressor in this analysis. Correlations 

between this seed regressor and all other voxels were computed for each condition (across a 9 TR or 

18 second trial window) across subjects. The resulting correlation maps were stacked and analysed 

with singular value decomposition. We utilised a non-rotated version of PLS, specifying two a priori 

contrasts: (1) stronger RHC connectivity during first relative to second and third; and (2) stronger 

RHC connectivity during first and second relative to third. These contrasts were chosen to investigate 

whether there the RHC is connected to a network only when novelty is maximal during the first 

simulation, which might imply a role of this network in novelty detection (contrast 1), or whether the 

connectivity of these region gradually lessened over repetitions (contrast 2). For each contrast, a latent 

variable (LV) was produced, comprising a singular value (indicating the amount of covariance for 

which the LV accounts), a linear contrast between the seeds and the conditions (coding for the effect 

depicted by voxels), and a singular image of voxel weights or “saliences” (akin to a component 

loadings in principle components analysis) that are proportional to the covariance of activity with the 

linear contrast. 

The significance of each LV was determined using permutation testing in which each subject’s 

data was randomly reassigned to experimental conditions and the PLS analysis was recomputed to 

obtain a new singular value for each reordering. This permutation procedure was done 500 times, and 

thus significance reflects the number of times the singular value from the permuted data exceeded the 

original singular value (p≤.05) (McIntosh et al., 1996). Because whole-brain patterns are assessed in 

one analytic step in PLS, corrections for multiple comparisons are not required (unlike in the 

univariate analyses described in section 3.2.5). The reliability of voxel saliences was determined using 

bootstrap estimation of the standard error: Participants were randomly resampled with replacement, 

the PLS analysis was rerun and new saliences were determined. After 300 iterations, the SE of the 
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salience was computed (McIntosh et al., 1996). Clusters of five or more voxels in which bootstrap 

ratios were greater than ±5 (p<.0001) were considered reliable. 

 

3.3 Results 

3.3.1 Behavioural results 

Behavioural data are presented in Table 3.1. The average estimated date of future simulated 

events was in the close future. Simulations were rated as having minimal similarity to previous 

thoughts and past experiences, and highly consistent over repetitions. In the following ANOVA 

analyses, where Mauchley’s test indicated that the assumption of sphericity was violated, degrees of 

freedom were corrected with the Greenhouse-Geisser estimate of sphericity. All reported post-hoc 

pairwise comparisons have been Bonferroni-corrected; Bonferroni-adjusted p-values are provided and 

an alpha criterion of .05 was used.  

First, we computed a repeated-measures ANOVA with the factor presentation on RT, which 

showed that RTs significantly decreased over presentations (F(1.15,21.90)=119.19, p<.001), with 

differences between all presentations (p≤.004). A repeated-measures ANOVA with the factor 

presentation revealed that detail ratings significantly increased over presentations 

F(1.37,26.11)=90.34, p<.001, again with differences between all presentations (p<.001).  
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Table 3.1: Mean RTs, detail ratings, and post-scan ratings of future events. 

Measure Mean scores (SD) according to condition 

 First Second Third 

RT (s)*** 4.33 (.92) 2.76 (1.21) 2.53 (1.27) 

Detail of simulation***† 1.37 (.30) 2.04 (.28) 2.26 (.34) 

    

 Mean scores (SD) 

Temporal distance of event (years) 1.85 (1.3) 

Similarity of event to previous experiences† 0.12 (.41) 

Similarity of event to previous thoughts† 0.37 (.66) 

Consistency of event across repetitions† 2.73 (.53) 

Note: †Participant ratings made using a four-point rating scale, ranging from 0 (low) to 3 (high). 

***p<.001. 

 

3.3.2 fMRI contrast results 

In order to identify the regions associated with the construction of future simulations, we 

computed a contrast of future>control. This contrast replicated previous findings of simulation-related 

activity in MPFC and parietal cortex, lateral temporal cortex and MTL (a cluster which extended into 

the RHC, xyz 32 -16 -18; see Figure 3.2 and Table 3.2).  
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Figure 3.2: Regions engaged by future event simulation. The contrast of future event simulation 

(collapsed across the three presentations) relative to control trials revealed activation in many regions 

of the core network, including bilateral MPFC and parietal cortices (left and middle), RHC and lateral 

temporal cortices (right). Activations are shown at a voxel-wise threshold of pFWE<.05. 
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Table 3.2: Regions evident in future>control contrast analysis. 

Note: All activations evident at a height threshold of pFWE <.05; for brevity, only those clusters with 

more than 100 voxels are reported. Only the maximal peak voxel of each cluster is reported, except 

for MTL regions, in which case all peak voxels in the cluster are reported. BA = Brodmann area; 

L=left; R=right; †Cluster extends bilaterally.  

 

 

  

Brain Region MNI co-ordinates Z-score 

 x y z  

future > control     

L Posterior Cingulate Gyrus/Cingulate Gyrus (BA 31)† -6 -62 24 Infinite 

L Medial Frontal Gyrus (BA 10/11)† -2 58 -6 Infinite 

R Middle Temporal Gyrus (BA 21) 58 -6 -18 7.75 

L Middle Temporal Gyrus (BA 39) -42 -70 30 7.59 

R Parahippocampal Gyrus (BA 36) 24 -38 -10 7.08 

R Parahippocampal Gyrus (BA 35) 26 -28 -16 5.86 

R Hippocampus 32 -16 -18 5.18 

L Superior Frontal Gyrus (BA 9) -18 34 38 6.92 

R Supramarginal Gyrus (BA 40) 52 -53 22 6.89 

L Inferior Temporal Gyrus (BA 20) -62 -10 -20 6.66 

R Middle Frontal Gyrus (BA 8) 20 34 44 6.47 

L Parahippocampal Gyrus (BA 36) -24 -40 -8 5.61 
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To further explore whether activation of these simulation-related regions were modulated by 

repetition, we ran a set of linear and quadratic contrasts. The contrast of first>second>third revealed a 

profile of decreasing activity across repetitions in MTL regions, including a cluster in the right 

anterior RHC (that extended into the right amygdala and parahippocampal gyrus) and the left 

amygdala, as well as bilateral IFG, and left MPFC and PCC (Table 3.3, Figure 3.3). LI results 

indicated that hippocampal activity during both contrasts was significantly and strongly right-

lateralised (LIs: future>control, -0.71; first>second>third, -0.51).  

 

 

Figure 3.3: Regions engaged by the first relative to the third presentation of future event simulations. 

This contrast demonstrated activation in left MPFC, PCC and caudate (left sagittal panel), bilateral 

middle frontal gyrus and MPFC (middle axial panel), and RHC, bilateral amygdala and left middle 

temporal gyrus (right coronal panel). Activations are shown at a voxel-wise threshold of pFWE<.05. 
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The opposite contrast, third>second>first, demonstrated that activity in lateral prefrontal and 

parietal areas, as well as PCC and precuneus, increased with repetition (Table 3.3, Figure 3.4). 

Importantly, no MTL region showed increasing activation across repetitions. Although some regions 

are evident in both linear contrasts (first>second>third and third>second>first), such as the left PCC, 

right IFG and middle frontal gyrus, it is important to note that it is different subregions of these neural 

structures that exhibit opposite linear effects, as indicated by the different Brodmann area labels in 

Table 3.3; there was in fact no overlap between the statistical maps resulting from these two linear 

contrasts. 

 

Figure 3.4: Regions engaged by the third relative to the first presentation of future event simulations. 

This contrast revealed activation in right IFG and inferior parietal lobule (left sagittal image), right 

middle and left superior frontal gyrus (middle axial image) and bilateral precuneus (right coronal 

image). Activations are shown at a voxel-wise threshold of pFWE<.05. 
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Table 3.3: Regions evident in repetition contrast analyses. 

 

Brain Region MNI co-ordinates Z-score 

 x y z  

first > second > third     

L Medial Frontal Gyrus (BA 10) -4 58 -6 7.76 

L Caudate (Head)* -6 12 -6 7.06 

L Inferior Frontal Gyrus (BA 47)  -38 30 -16 6.42 

R Inferior Frontal Gyrus (BA 47) 30 32 -12 6.41 

R Hippocampus§ 32 -16 -18 6.32 

R Amygdala§ 16 -6 -18 5.71 

R Parahippocampal Gyrus (BA 36)†ʃ  34 -28 -18 5.53 

L Middle Temporal Gyrus (BA 39) -42 -70 30 6.32 

L Posterior Cingulate (BA 31) ʃ  -4 -56 22 6.31 

R Superior Temporal Gyrus (BA 38)*† 40 18 -30 6.27 

L Middle Temporal Gyrus (BA 21)* -60 -10 -16 6.01 

L Medial Frontal Gyrus (BA 10)† -12 64 12 5.97 

L Amygdala -18 -6 -14 5.61 

R Middle Frontal Gyrus (BA 9) 40 14 28 5.57 

L Medial Frontal Gyrus (BA 8)*§ -14 34 46 5.47 

third > second > first     

R Inferior Frontal Gyrus (BA 44) 58 14 10 7.39 

L Superior Frontal Gyrus (BA 10) -30 54 20 6.98 

R Inferior Parietal Lobule (BA 40) 56 -44 38 6.85 

R Precuneus (BA 7) 14  -66  36 6.62 

L Cingulate Gyrus (BA 23) -2  -26  28 6.09 

R Middle Frontal Gyrus (BA 10)† 44   50   8 6.02 
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Note: All activations evident at a height threshold of pFWE <.05; for brevity, only those clusters with 

more than 100 voxels are reported. Only the maximal peak voxel of each cluster is reported, except 

for MTL regions, in which case all peak voxels in the cluster are reported. BA = Brodmann area; 

L=left; R=right; †Cluster not evident when in the interaction analysis (controlling for non-specific 

linear time-dependent effects). *Cluster not evident when controlling for RT. § ʃ Peak voxel for cluster 

is shifted to an adjacent voxel when controlling for time-dependent (§) and RT (ʃ) effects. 

 

To ensure that these changes in signal across repetitions were not the result of non-specific 

linear time-dependent effects, we computed an additional analysis to control for any non-specific 

linear time-dependent effects occurring across the time interval separating the first and third future 

trials. In a random-effects flexible factorial model that included the first, second and third future 

conditions as well as time1 and time2 control conditions (created by pairing control trials separated by 

a time interval similar to that between the first and third future trials), we computed a repetition x 

condition interaction analysis to identify regions with significant repetition effects (increases or 

decreases) for the future but not the control conditions. Importantly, we found that the majority of 

regions reported in our original first>second>third future contrast were again evident in this 

repetition x condition interaction (although some peak voxels were at slightly different locations in 

the same cluster; see annotations in Table 3.3), including the left MPFC, bilateral IFG, left middle 

temporal gyrus, anterior RHC and bilateral amygdala (pFWE < .05). In all these regions, the repetition-

related decreases in signal were only evident in the future condition, confirming these effects are not 

influenced by non-specific linear time-dependent effects (Figure 3.5). The only regions in which 

activation decreases were no longer evident in this interaction analysis were right parahippocampal 

gyrus, right superior temporal gyrus, and right middle frontal gyrus (see Table 3.3). Moreover, only 

one of the regions exhibiting repetition-related increases in the original third>second>first contrast, 

right middle frontal gyrus, was no longer significant in the interaction analysis (see annotations in 

Table 3). For all other regions in the original third>second>first contrast, increases in signal over 

repetitions were only present for the future condition (see Table 3.3 and Figure 3.5). Overall, these 
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results confirm that the majority of repetition effects we report cannot be explained by non-specific 

linear time effects. 

 

 

 

Figure 3.5: Regions from the interaction analysis with associated percent signal change. (A) Regions 

from the interaction analysis in which fMRI signal decreased across repetitions for the future 

condition only: RHC (xyz 22 -10 -14, top panel) and left IFG (-36 28 -16, bottom panel), and 

associated percent signal change data for future and control conditions (first= firstFuture and 

controlTime1 conditions; second = secondFuture; third= thirdFuture and controlTime2 conditions). These 

regions were also evident in the contrast of first>second>third (see Table 3.3), and activity is 

displayed at pFWE < .05. (B) Regions from the interaction analysis in which fMRI signal increased 

across repetitions for the future condition only: right precuneus (14 -64 38, top panel) and left anterior 

PFC (-30 52 20, bottom panel) with associated percent signal change data. These regions were also 

evident in the contrast of third>second>first (see Table 3.3). All peak activations survived a corrected 

threshold of pFWE < .05, see Table 3.3; activity from this interaction analysis is displayed at puncorrected < 

.0001. Note that error bars are not included as these plots are for descriptive purposes only (Vul & 

Kanwisher, 2009). 
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To test for possible nonlinear effects, we computed two quadratic contrasts over the first, 

second and third conditions. Neither contrast revealed any activation in the RHC (neither at pFWE<.05 

nor at a more lenient puncorrected <.001 threshold), indicating the repetition effect in the RHC was 

predominantly linear in nature. In fact, none of the regions exhibiting a linear decrease over 

repetitions were evident in the quadratic contrasts. On the other hand, two regions exhibiting a 

third>second>first effect also exhibited a quadratic effect (see annotations in Table 3.3), with a steep 

increase in activity between first and second which then plateaued. Specifically, activity in the right 

IFG (xyz 58 14 10; see Figure 3.5 above) and right inferior parietal lobule (-58 -46 36) followed this 

pattern. Note that although a quadratic effect is apparent for the right precuneus in Figure 6 this effect 

just failed to reach significance (pFWE=.06).  

Additionally, as we found a significant decrease in RT over repetitions, we wanted to ensure 

that this decrease in activation in several core regions was not due simply to increasing ease of task 

performance. To examine this possibility, we entered RTs as a parametric modulation regressor, 

which allowed us to compute the first>second>third and third>second>first contrasts while 

controlling for RT. Importantly, many of the same regions, including the MTL regions remained 

activated for the contrast of first>second>third even when controlling for RT. However, some regions 

were no longer active at a corrected threshold (pFWE < .05): left caudate, right superior temporal gyrus, 

and left middle temporal gyrus; see annotations in Table 3.3. The same regions were activated for the 

third>second>first contrast when controlling for RT.  

We also ran a parametric modulation analysis to identify regions in which neural activity 

correlated with RT. However, there was very little activation correlated with RT, with no voxels 

surviving a corrected threshold of pFWE < .05. Even at a very lenient threshold of puncorrected < .05, the 

prefrontal clusters that did emerge were not in regions comprising the core network. Based on these 

additional analyses, we believe that ease, as indexed by RT, cannot explain the repetition effects 

evident in the current study. 
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3.3.3 Functional connectivity results 

A seed PLS analysis was used to examine statistically whether the strength of connectivity of 

the anterior RHC (xyz 32 -16 -18) with other brain regions also differs according to repetition. Two a 

priori contrasts were tested: (1) RHC connectivity during first but not second and third; and (2) RHC 

connectivity during first and second but not third. This analysis determined that only the first contrast, 

testing for stronger RHC connectivity during first relative to second and third, was significant 

(p=.05), explaining 42.35% of the covariance. Bootstrap ratios peaked at TR 5 (10 to 12 s after task 

onset), and results from this TR are reported here.  

The LV indicated that during the first simulation, the RHC was strongly connected with a wide-

spread network, while this connectivity was significantly reduced during the second and third 

conditions relative to first, and furthermore, the RHC was not reliably connected to this network 

during these two repetition conditions, see Figure 3.6. The network that RHC was strongly connected 

to during the first simulation included many regions associated with simulation, including bilateral 

MPFC, left MTL regions (parahippocampal and perirhinal cortices) and lingual/fusiform gyrus, and 

right IFG, thalamus, and precuneus, see Figure 3.6 and Table 3.4. 
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Figure 3.6: RHC seed connectivity results. (A) Location of the RHC seed (32 -16 -18). (B) Average 

brain scores with 95% confidence intervals for the first, second and third presentations. These 

followed from a contrast of RHC connectivity during first and second but not third; this contrast was 

significant (p=.05). (C) Regions from the seed PLS analysis in which regions were significantly 

connected with the RHC seed during first, but not during second and third. Some of the regions 

visible here are right frontopolar cortex (leftmost image), putamen, cerebellum and lingual gyrus 

(middle images), PCC, thalamus and right MPFC extending into anterior cingulate cortex (rightmost 

image). This pattern of saliences reflects connectivity at TR 5, or 10 seconds into the trial, and was 

thresholded by a bootstrap ratio of 5, which corresponds to p<.001.  
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Table 3.4: Regions showing significant functional connectivity with the RHC seed region  

during first but not second and third presentation. 

Brain Region MNI co-ordinates BSR 

 x y z  

 

L Cerebellum -6 -74 -30 15.89 

R Thalamus 12 -4 6 12.52 

R Cerebellum 8 -52 -14 12.09 

R Inferior Frontal Gyrus (BA 47) 20 14 -16 11.52 

R Medial Frontal Gyrus (BA 10)  20 42 12 11.28 

L Parahippocampal Gyrus (BA 36) -36 -32 -28 11.01 

L Cerebellum† -4 -34 -32 10.68 

L Putamen -24 0 18 10.61 

R Precuneus (BA 31) 8 -52 30 10.04 

L Lingual Gyrus (BA 18) -22 -76 0 8.87 

R Frontopolar Cortex (BA 10) 32 58 -4 8.33 

R Middle Frontal Gyrus (BA 6) 30 4 62 8.16 

L Perirhinal Cortex (BA 36) -26 2 -38 8.10 

R Thalamus 4 -22 6 7.92 

R Middle Frontal Gyrus (BA 46) 50 32 28 7.78 

R Superior Frontal Gyrus (BA 9) 18 54 30 7.51 

L Cerebellum† -4 -70 -42 7.29 

L Middle Frontal Gyrus (BA 9) -34 32 32 7.01 

L Lingual / Fusiform Gyrus (BA 18/19) -18 -82 -20 6.98 

R Putamen 26 16 2 6.93 

L Medial Frontal Gyrus (BA 9) -20 34 32 6.89 
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Note: Only clusters evident during peak time point (TR 5) with a bootstrap ratio greater than ±5 

(roughly equivalent to a p-value of <.0001) and with a minimum extent of 20 voxels are shown here. 

BA = Brodmann area; BSR = Bootstrap ratio; L = left; R = right. †Cluster extends bilaterally.  

 

3.4 Discussion  

 

The main aim of this study was to establish whether the engagement of the hippocampus in 

future event simulation reflects the contextual novelty of future events. Future events differ from past 

events in contextual novelty, in that they need to be constructed ‘from scratch’. Study 1 demonstrated 

that this difference is reflected by initial differences in RTs and detail ratings between past and future 

events that dissipate over repetitions. Furthermore, previous research has shown that contextual 

novelty processes are supported by the anterior RHC (e.g., Blackford et al., 2010; Yamaguchi et al., 

2004). Thus, we hypothesised that RHC activity and connectivity would be stronger during the initial 

construction of future events than during repetitions. This is indeed what we found: activity in the 

anterior RHC was evident during the first simulation trial and decreased significantly across repeated 

imaginings of the same event. Furthermore, the functional connectivity of the anterior RHC with other 

regions of the core network, including MPFC and IFG, was evident during the first, but not the second 

and third presentation. Importantly, these repetition effects were not due simply to decreases in RT or 

drifts in signal across the repetition interval. There are, however, a number of explanations for the 

present results.  

One explanation for these results is that the decreases in activation and connectivity reflect the 

increasing ease of event construction with repetition. This idea is in line with previous priming 

research showing that repetition may facilitate a range of discrimination and production tasks 

(Henson, 2003) and with previous research demonstrating that repeatedly imagining hypothetical 

future events increases the fluency of the imagined event (Carroll, 1978; Sherman et al., 1985; 

Szpunar & Schacter, 2013). Contrary to this hypothesis, the parametric modulation analysis showed 

that RT did not correlate with activity in MTL regions. It was somewhat surprising though that none 

of the regions associated with simulation exhibited correlations with RT, which might be expected if 
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RT indexes the ease of construction processes. While this observation raises some concerns about the 

use of RT as a proxy for difficulty, this use is common practice (e.g., Panayiotou & Vrana, 2004). 

Moreover, a model has recently been developed which demonstrates that when task difficulty 

increases, the RT mean and RT standard deviation increase at the same rate (Wagenmakers, Grasman, 

& Molenaar, 2005). This model has been used to directly and correctly predict that in a lexical 

decision task, when task difficulty decreases, RT will decrease likewise (Wagenmakers, Ratcliff, 

Gomez, & McKoon, 2008). Furthermore, it is notable that, in this study, some regions were no longer 

significant in the first>second>third analysis once we controlled for RT. Nonetheless, while the 

observed repetition effects cannot be attributed to RT effects, they may not necessarily be independent 

of difficulty. It might also be that some neural regions, such as the hippocampus, respond differently 

to task difficulty and possibly in ways not adequately captured by RT or by a parametric modulation 

analysis. For example, Summerfield, Hassabis and Maguire (2010) reported that constructing scenes 

with an increasing number of elements (and increasing difficulty as indicated by ratings) resulted in 

an overall increase in RHC activation. However, this increase was not linear but phasic. Although 

more fine-grained research is needed to draw strong conclusions, the lack of RT effects in regions 

exhibiting repetition effects could be taken as reflecting processes on a time scale not associated with 

RT, and novelty effects may be an important mechanism underlying at least some of the repetition 

effects reported here. 

For example, it is possible that reducing demands on detail recombination may have resulted in 

lowered activity in the hippocampus (Addis, Pan, et al., 2009; Preston et al., 2004), in line with the 

decrease in contextual novelty. While detail ratings increased across repetitions, we would argue that 

the integration of detail required when initially constructing a simulation is greater than when adding 

a small number of details during subsequent repetitions (see also Study 1). This may explain why 

hippocampal activation decreased as detail ratings increased, contrary to expectations (cf. Addis & 

Schacter, 2008). This finding suggests furthermore that it is not just the overall amount of detail 

comprising a simulation that is key to driving RHC activity, but the integration of new details. 

Similarly, Addis and colleagues (2011) found that anterior RHC activity was greater for specific 

future events that comprise more novel detail combinations than the other events such as general 
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future events and past events. Notably, this effect was not merely due to the sheer amount of details, 

as past events were rated as more detailed than future events. Rather, the novel combination or 

association between the details appeared to drive hippocampal activation (see also, Addis et al., 

2007).  

Another possibility is that the decreasing activation of RHC reflects the decreasing need for 

encoding processes. However, few studies have attempted to distinguish novelty from encoding 

processes (see Kirchhoff, Wagner, Maril, & Stern, 2000; Poppenk, McIntosh, et al., 2010, for notable 

exceptions), which proves difficult as both processes generally occur at a very similar time, and are 

supported by similar regions (e.g., anterior hippocampus)(Kirchhoff et al., 2000). However, there is 

evidence to suggest that the anterior hippocampus supports memory for novel but not repeated stimuli 

(Poppenk, McIntosh, et al., 2010), and thus it may be that hippocampal activation for novel stimuli to 

some extent reflects encoding processes. With regards to this experiment, it may be that encoding 

processes, like constructive processes, diminished across repetitions. Seemingly speaking against this 

idea are previous findings that encoding more detailed representations is associated with greater 

anterior hippocampal activity (e.g., Giovanello et al., 2009; Staresina & Davachi, 2009). However, as 

with detail integration, it may be that encoding demands were especially large initially, and decreased 

over repetition, due to relatively small detail additions over repetitions. Decreasing encoding 

processes have frequently been suggested to reflect progressively more efficient coding of the 

representation (Giovanello, Schnyer, & Verfaellie, 2004; Poppenk, McIntosh, et al., 2010), see for a 

review Grill-Spector, Henson & Martin (2006). However, unlike other variants of this paradigm that 

allow a distinction between successful encoding and construction by comparing remembering and 

forgetting of simulations on a later recall test (Martin et al., 2011), we cannot distinguish encoding 

and constructive processes in this study due to the lack of forgotten trials after three repetitions. Thus, 

it remains an important challenge for future research to develop a manipulation or paradigm than can 

distinguish between novelty, construction and the encoding of episodic future events. The difficulty of 

designing such a manipulation is that it requires participants be exposed to the novel stimuli, whilst 

ensuring that the participants are not making any links between the presented stimuli (avoiding 
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construction and encoding processes) which may take place automatically (Kirchhoff et al., 2000; 

Stark & Okado, 2003).  

Another possibility is that RHC activity during the first simulation condition is a novelty 

detection response. The neuroanatomy of the hippocampus lends itself well for novelty detection: the 

hippocampal subfields work in concert to recall previous experiences (or ‘patterns’) and compare 

these with the actual experience, leading to a match/mismatch response (Kumaran & Maguire, 2007b) 

that forms the basis of novelty detection (Kumaran & Maguire, 2007a). However, the hippocampus 

has been found to have a somewhat slower habituation rate than another key player in novelty 

detection, the amygdala (Balderston et al., 2011). If the only role of the hippocampus was novelty 

detection, then its activation should be very high during the initial presentation of a novel stimulus, 

with a sharp drop-off for the subsequent repeated stimuli, with no differences between the repeated 

stimuli. However, activity in RHC showed a more gradual, linear decrease with no evidence of a 

quadratic component. This more gradual decrease in hippocampal activation over the repetitions 

suggest that RHC was engaged in additional processes which may have been required gradually less 

during repetitions (Köhler et al., 2005; Svoboda & Levine, 2009), such as detail recombination or 

encoding processes, as described previously.  

Indeed, most of the results reported here indicate a more gradual decrease in activation over 

simulations. However, it is notable that the functional connectivity of the RHC with other regions did 

follow a steep drop-off after the first presentation. The connectivity results demonstrated that the 

anterior RHC is connected to a network of brain regions during the initial, novel simulation of future 

events, but that this connectivity was no longer evident during the repeated instances of these events. 

This pattern suggests that the RHC connects to a brain network that is specifically associated with 

novelty. The brain network found here shows overlap with a previously demonstrated neural novelty 

detection circuit (Kiehl et al., 2005), in particular for superior frontal and bilateral middle frontal 

regions, anterior cingulate and superior parietal lobe. Others report that the hippocampus and these 

related structures are active for novel visual stimuli in a rapid habituation experiment (Yamaguchi et 

al., 2004). It is possible however that, in addition to connectivity with a novelty detection network 



104 
 

during initial simulations (as per our a priori contrasts), the RHC was connected with another network 

which was related to processes that required continuing support across repetitions. 

The hippocampal activation associated with both future event simulation and the contextual 

novelty of future event simulations was found to be strongly right-lateralised in this study, consistent 

with previous findings (e.g., Addis, Cheng, et al., 2011; Addis et al., 2007). Recent research has 

shown that a patient with damage restricted to the RHC demonstrated impairments in generating 

detailed future event simulations (Race, Keane, & Verfaellie, 2011). This observation suggests a 

critical role of the RHC in the simulation process. In addition, the LI analysis used in this study 

demonstrated for the first time that hippocampal activation during future simulation was significantly 

greater in the RHC than in the left hippocampus. It is not clear, however, what it is about future 

simulation that results in right-lateralised activity. A common dissociation is that the RHC is engaged 

in particular for tasks involving visuospatial memory, such as memory for scenes (Spiers, Maguire, & 

Burgess, 2001), while the left hippocampus is associated with verbal tasks, such as memory for words 

(Jones-Gotman et al., 1997). In this study, it is possible that, while there was a verbal aspect to future 

event simulation, in the form of cue words and possibly an accompanying mental narrative, 

visuospatial processes were predominant. Future research is needed to determine the contributions of 

the right and left hippocampus to future event simulations.  

Decreases in activity over repetitions were evident in other MTL regions as well, including 

bilateral amygdala, which were unrelated to RT or signal drifts. While amygdala activity is not always 

evident in future simulation, it has been documented in the two other studies using the recombination 

paradigm (Addis, Pan, et al., 2009; Martin et al., 2011). Activation of the amygdala may be related to 

the occurrence of uncommon events – or categorical novelty. Previous studies have implicated the 

bilateral amygdala in the processing of unusual stimuli (Hamann, Ely, Hoffman, & Kilts, 2002; 

Rotshtein, Malach, Hadar, Graif, & Hendler, 2001) and novelty detection (Balderston et al., 2011; 

Blackford et al., 2010). In this study, the randomised recombinations of episodic details may have 

resulted in a number of uncommon scenarios, and indeed in Study 1, simulated events varied widely 

in plausibility ratings. However, as categorical novelty was not a focus of this particular study, we did 

not measure plausibility ratings. It will be a very interesting question for future research, to investigate 
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to what degree categorical novelty influences the engagement of the hippocampus and amygdala, in 

addition to the effects of contextual novelty reported here.  

A number of extra-MTL regions thought to play an important role in event construction also 

exhibited a reduction of activity across repetitions that could not be accounted for by RT or signal 

drift. Such regions included the bilateral IFG, an area of PFC that is thought to play a role in the 

generative aspects of future simulation, including semantic generation of event schemas (Addis et al., 

2007; Conway et al., 2003). Interestingly, neither Botzung et al. (2008) nor D’Argembeau et al. 

(2008) reported inferior frontal activity, possibly indicative of diminished generative processes 

following a pre-imagination session.  

A distinct set of prefrontal and parietal regions showed the opposite profile, with activity 

increasing across repetitions (i.e., ‘repetition enhancement’), including left anterior PFC and right IFG 

(which was more lateral than the IFG region which exhibits repetition suppression effects), right 

inferior parietal lobule, right PCC and right ventral precuneus. Interestingly, increased activation of 

the lateral PFC, right inferior parietal lobule and precuneus has also been found for the repetition of a 

recall test for visually presented word pairs (Hashimoto, Usui, Taira, & Kojima, 2011). These regions 

were activated in particular for the second but not the first recall test, and thus the increased activity 

may reflect retrieval monitoring in particular. Furthermore, repetition enhancements in PCC and 

ventral precuneus have been reported in numerous studies (Dobbins, Foley, Schacter, & Wagner, 

2002; Hasson, Nusbaum, & Small, 2006; Szpunar, St Jacques, Robbins, Wig, & Schacter, in press), 

which are thought to reflect source recognition and retrieval (Dobbins, Rice, Wagner, & Schacter, 

2003; Lundstrom et al., 2003).  

Repetition enhancement effects were also found here in the left anterior PFC (BA 10). This 

region has been associated with context retrieval (Ranganath, Johnson, & D'Esposito, 2000; Rugg, 

Fletcher, Chua, & Dolan, 1999), in particular the retrieval of details that have been internally 

generated (Simons, Owen, Fletcher, & Burgess, 2005). Thus, in the current study, these repetition 

enhancement effects may be a result of retrieving the contextual details comprising previously 

imagined events, ensuring the consistency of the simulated event across repetitions. Even so, such 

retrieval processes did not influence levels of MTL activity which steadily decreased across 
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repetitions. However, one potential issue with the present analyses is that repeated simulations were 

rated as highly consistent by participants, in apparent contrast with the increase in detail ratings over 

presentations. It may be that these ratings have been somewhat inflated due to the delay between the 

simulation and post-scan rating phases. We suggest, however, that consistency ratings likely reflected 

the maintenance of the gist or core components of the event representation across repetitions, and the 

small changes in overall event clarity or vividness as indexed by detail ratings were not sufficient to 

disrupt repetition suppression effects. Thus, repetition-related increases in regions supporting the 

retrieval of internally generated details, and decreases in RHC activation and connectivity, may occur 

even when there are some changes to the event representation across repetitions. 

The results of this study demonstrate that the anterior RHC plays an important role in a 

functional network supporting the initial construction of imagined future events, when contextual 

novelty is highest, but that RHC activation and connectivity decreases over repetitions as contextual 

novelty diminishes. This finding is important for understanding some incongruent findings reported in 

the literature concerning hippocampal activation during simulation: when interpreting such neural 

effects, it is important to consider whether or not the paradigm requires the active construction of 

imagined events or reimagining of pre-constructed events during the scanning session. Thus, 

differential activity for past relative to future events (rather than the reverse) in some previous studies 

(e.g., Botzung et al., 2008; D'Argembeau, Xue, et al., 2008; Hassabis, Kumaran, & Maguire, 2007) 

may reflect the influence of the ‘pre-imagination’ sessions in these studies, and the lack of contextual 

novelty.  

A question which remains is how future event imaginings are affected by categorical novelty. 

The finding of amygdala activation in this study, as well as verbal reports of participants, suggests 

that some imagined events were particularly uncommon (i.e., high in categorical novelty). However, 

as categorical novelty was not the focus of this study, we did not collect behavioural data to enable a 

detailed examination of what gave rise to these uncommon events. While we know from Study 1 that, 

overall, the details comprising uncommon events are less familiar than those of more common events, 

it is not clear whether that constitutes the only difference between events high and low in categorical 

novelty. It has previously been suggested that the disparateness of details in particular modulates the 
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categorical novelty of imagined future events (Weiler et al., 2010a), but this has not yet been looked 

at directly. Further examination of these factors in Study 3 will hopefully clarify what effect 

categorical novelty has on future event simulation. 
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Chapter 4. Study 3 – The effects of categorical novelty on future event 

simulations 

 

4.1 Introduction 

 

The majority of studies examining future event simulation have focused on events that are 

likely to occur in the near future. Such imagined events are typically very similar to previous events 

that have occurred (e.g., Addis, Cheng, et al., 2011). We are also capable however of imagining future 

events that highly dissimilar to previous events, or in other words, categorically novel events. This 

capacity allows us to prepare for a greater range of future events, which is an important adaptive 

feature of event simulation as we never know exactly what the future might bring (see also Bar, 

2009). Thus, while future events are always contextually novel (since they are new constructions, see 

Study 1 and 2), they can also be categorically novel. Whereas future events that are similar to past 

events consist much of the same detail recombinations as these past events, for dissimilar or 

categorically novel future events, the component details are likely disparate and gleaned from a 

variety of distinct episodic memories (Addis & Schacter, 2008). 

That future events can occur in a range of categorical novelty has been evident in the previous 

studies in this thesis. Specifically, there was a wide range in the ratings of how similar future events 

were to previous thoughts and experiences (Study 1 and Study 2), and verbal reports from our 

participants indicated that some events they generated were very novel, that is, highly implausible 

(Study 1 and Study 2). Indeed, given that the frequency of past occurrences is generally a good 

predictor for the likelihood of future occurrences (Hasher, Goldstein, & Toppino, 1977; Tversky & 

Kahneman, 1973), it is expected that categorically novel events (i.e., dissimilar from previous events) 

would be rated as more implausible than more familiar events.  

However, whether the disparateness of the details comprising a simulation influences the 

plausibility of that simulation has not yet been investigated directly. Surprisingly, very little research 

has been done on the differences in plausibility of future events. One study, by Weiler, Suchan and 
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Daum (2010a), investigated differences between imagined future events that were low or high in 

occurrence probability, and found that increases in occurrence probability were associated with 

increases in detail ratings and in activity in the right anterior hippocampus (independent of the amount 

of detail). It was suggested that low probability events likely involve more disparate details than high 

probability events, and the enhanced hippocampal activation may reflect more intensive 

recombination processes for these disparate details. If that is indeed the case, then it can be inferred 

that disparateness also affects construction-related processes, as high probability events were more 

detailed. As yet there has been no direct examination of whether constructing novel events from 

disparate details (i.e. categorically novel events) influences processes such as the amount of detail 

comprising the simulation, how well integrated the details are (i.e., how coherent the simulation is; 

Hassabis, Kumaran, Vann, et al., 2007), and the time take to construct the simulation.  

Whilst using the recombination paradigm in Study 1 and Study 2, it was not possible to 

determine whether the newly recombined details were disparate or not. Therefore, to examine the 

effect of the disparateness of detail on event plausibility and construction, we designed a novel 

version of the recombination paradigm. Specifically, the memory details that will be obtained during 

the first session will be retrieved from different memory ‘clusters’: Participants will delineate three 

social spheres in their lives, and retrieve memory details specific to those social spheres. The 

connectedness between the details within a social sphere is arguably high, whereas details across 

social spheres are likely to be more disparate from each other. Future event cues will be created by 

either recombining three details within one sphere, or across three spheres. We hypothesise that future 

events consisting of detail combinations low in overall disparateness (within-sphere detail 

combinations) will be more plausible than future events comprised of details combinations high in 

overall disparateness (across-sphere combinations). In addition, we were interested in the effects of 

disparateness of the details on event construction. To bring together highly disparate details, more 

intensive detail recombination processes are required, and thus we expect this to have an effect on 

construction features (see also Study 1 and 2). Specifically, we expect events with within-sphere detail 

combinations to be easier and more quickly generated, to have more detail overall and to be more 

coherent than events with across-sphere detail recombinations.  
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It has previously been suggested that the plausibility of future events is also affected by 

whether they take place in familiar locations or not (Arnold et al., 2011a; Klein et al., 2012; Szpunar 

& McDermott, 2008a), and in Study 1 we found that high plausibility future events overall contained 

more familiar elements than low plausibility events. Furthermore, as mentioned previously, frequency 

of past occurrences is utilised to estimate future occurrences of events (Tversky & Kahneman, 1973). 

In addition to the frequency of entire events, it may also be that the frequency of event components 

(i.e., persons, locations and objects) can also affect plausibility. Because in this study we wanted to 

isolate the effect of disparateness of details on plausibility ratings, we used participant ratings of 

familiarity and frequency of encounter (over the past year) of event components details to maintain an 

even distribution of familiarity and frequency of encounter ratings between the two sphere conditions. 

As categorically novel events are less like events that happened in the past, they are more likely 

to be rated as implausible. Little is known, however, about the psychological mechanisms by which 

people evaluate the plausibility of imagined future events. Plausible events have a close resemblance 

to real, past events (as demonstrated in Study 1, where we found that patterns of phenomenological 

characteristics of plausible future events were more like past events than implausible future events 

were), and it may be that we distinguish between plausible and implausible events in the way that we 

also distinguish between real (i.e., past) and imagined events. One major theory, reality monitoring 

theory, is that we distinguish between real and imagined events on the basis of their phenomenology, 

in particular on the basis of the amount of sensory and perceptual detail present in the events (Johnson 

& Raye, 1981; Johnson et al., 1988). This idea is supported by a number of findings that real events 

are typically associated with greater sensory and perceptual detail than imagined events (e.g., Addis, 

Pan, et al., 2009; D'Argembeau & Van der Linden, 2004; Weiler, Suchan, & Daum, 2011). It is also 

supported by findings in Study 1, which demonstrated that past events remain more highly detailed 

than imagined events (of both high and low plausibility), even over three repetitions. 

However, another crucial difference between imagined future events and recalled real past 

event lies in the effort that is required to construct them (Hassabis, Kumaran, & Maguire, 2007; 

McDonough & Gallo, 2010). McDonough and Gallo showed that, when searching memory for 

previously recalled and imagined events, past events were rated as containing significantly more 
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perceptual details, but future events were rated as significantly more difficult to generate. 

Interestingly, less reality monitoring errors were made for future than for past events, suggesting that 

the use of cognitive operations (as indexed by difficulty) to distinguish future events from other 

events was a stronger and more accurate criterion than the use of perceptual details employed to 

distinguish past events.  

The notion that difficulty might be a useful tool for determining the plausibility of a future 

event is consistent with related research investigating participants’ probability estimates of imagined 

non-personal events, where findings suggest that imagined detail only has a relatively marginal effect 

on probability ratings (Billings & Schaalman, 1980; Levi & Pryor, 1987). Instead, the availability 

heuristic theory proposes that it is the fluency with which the event is imagined which influences 

plausibility estimations (Bernstein, Godfrey, & Loftus, 2009; Tversky & Kahneman, 1973; Whittlesea 

& Leboe, 2003). It is generally thought that the unexpected fluency of imagining for a novel event 

may lead individuals to mistake this fluency for familiarity with the event, thus inflating the belief that 

the event (or part of the event) is present in episodic memory, resulting in a higher plausibility rating 

(Bernstein et al., 2009). In this study, we will investigate this question further, and will attempt to 

determine whether plausibility ratings are affected primarily by event detail, coherency, or the fluency 

(difficulty) of construction. 

Furthermore, a question that recurs in the literature, and that came up in the discussion of Study 

2, is how novelty affects encoding and memory. A long-held view maintains that novelty enhances 

encoding (Tulving, Markowitsch, Craik, Habib, & Houle, 1996), following the idea that information 

is encoded to the extent it is novel (see also, Knight, 1996). Consistent with this idea is the finding 

that anterior hippocampus supports memory for novel but not repeated stimuli (Poppenk, McIntosh, et 

al., 2010), and the finding that the activity in MTL regions responding to novel stimuli is correlated 

with performance on a subsequent memory for these stimuli (Kirchhoff et al., 2000). Typically, these 

studies show recall effects of contextual novelty; however, increased rates of remembering for 

categorically novel stimuli over common stimuli have also been found. This advantage has been 

called the ‘bizarreness effect’, whereby unusual stimuli are more likely to be recalled, and has been 

documented over a range of studies including bizarre images and word-pairs (for reviews see, 
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Einstein, Lackey, & McDaniel, 1989; Hirshman, Whelley, & Palij, 1989). It is generally believed that 

the distinctiveness or salience of such bizarre stimuli enhances subsequent recall through diminished 

effects of interference. 

However, it may also be that with respect to episodic events, novelty is actually a disadvantage 

for later recall. Poppenk and Norman (2012) propose in their scaffolding hypothesis that the similarity 

of novel stimuli to previous experiences (i.e., low categorical novelty) facilitates the binding of new 

information as the previous experience provides a ‘scaffold’ to which the new information can be 

attached. Consistent with the scaffolding hypothesis, there are findings that familiarity with the 

stimuli may enhance encoding (Klein et al., 2012; Poppenk, Köhler, & Moscovitch, 2010), for 

example through repeating stimuli while learning (Hintzman, 1976). In line with this theory, it would 

be expected that for future events which are more categorically novel, that is less similar to previous 

experiences, encoding may be less efficient, leading to decreased recall rates relative to events low in 

categorical novelty. In Study 1 and Study 2, we were not able to determine whether novelty influenced 

encoding as the repetitions required to manipulate contextual novelty resulted in the participants 

remembering all of the events. Because in this study we are manipulating categorical novelty, there 

should not be a ceiling effect for subsequent memory and we can assess whether recall differs 

between the across-sphere and within-sphere conditions, and if so, whether categorical novelty 

enhances or impairs recall. 

 
 
4.2 Methods 

 

4.2.1 Participants 

Twenty-five healthy young adults were recruited via on-campus advertisements and consented 

to participate in this study, approved by The University of Auckland Human Participants Ethics 

Committee. All participants were fluent in English, had no history of neurologic or psychiatric 

conditions or use of psychotropic medications, and had not participated in previous future simulation 

studies. Two participants were excluded due to failure to comply with task instructions and thus data 

from twenty-three participants were analysed (9 males, aged 18-32 years, M=21.7 years).  
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4.2.2 Procedure 

We designed a new social sphere recombination paradigm that included several aspects of the 

episodic recombination paradigm (Addis, Pan, et al., 2009). The experiment consisted of three 

sessions: In the first session, participants identified three social spheres in their lives, and recalled 

details (persons, locations and objects) from memory for each of the social spheres. In the second 

session, participants simulated future events containing combinations of these details. In the third 

session, a surprise memory test was completed and a post-simulation interview was conducted during 

which participants described and rated the simulated events. See Appendices C1, C2 and C3 for 

instructions and materials used in this study. 

 

4.2.3 Session 1: Recall of memory details 

First, participants identified three social spheres in their lives. Social spheres were defined as 

‘groups of people who know each other’, and it was indicated that the selected social spheres should 

have minimal overlap. Examples of possible social spheres (e.g., university friends, family, work 

colleagues, music friends, rugby friends) were provided. Participants recalled ninety episodic details12 

(thirty persons, thirty locations, thirty objects) for each of these spheres (resulting in 270 memory 

details in total). As in Study 1 and Study 2, none of the memory details could be duplicated. In 

addition, these details were required to be a sphere-specific as possible: Most people identified within 

each sphere should know most other people, and most of the people in each social sphere should have 

been at the locations and should have encountered the objects of that sphere. If a person occurred in 

more than one social sphere, this was to be indicated and the person could still be used only once (i.e., 

in one sphere). Participants rated the familiarity and frequency of encounter for every episodic detail. 

The familiarity rating ranged from “0” (unfamiliar) to “3” (very familiar), and reflected how familiar 

the participant felt with that person/location/object. For the frequency of encounter rating, participants 

                                                      
12 Note that unlike Study 1 and 2, participants were asked to list episodic details during session 1, rather than 
recall events containing these details. During piloting, participants struggled to recall events that had sphere-
specific locations and objects, which is crucial for the manipulation in this study. Therefore, we decided to use 
this listing method for episodic detail generation introduced in a recent study also using the recombination 
paradigm (Szpunar et al., 2012). 
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rated how frequently they had encountered that person/location/object on average for the past year, 

where a rating of “3” reflected daily, “2” weekly, “1” monthly, and “0” yearly. 

The episodic details were used to create cues for the simulation session, which were created in 

two conditions: within-sphere and across-sphere. For the within-sphere condition, three memory 

details (one person, one location and one object) from within the same social sphere were randomly 

combined. For the across-sphere condition, each memory detail was selected from a different social 

sphere and combined into a set of three (see Figure 4.1).  

 

 

Figure 4.1: Social sphere recombination paradigm. Future event cues are created by either combining 

three memory details within one social sphere (within-sphere, cue below, left) or by combining three 

memory details across three social spheres (across-sphere, cue below, middle). Colours are for 

clarification purposes only and were not used in the actual experiment. 
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4.2.4 Session 2: Future simulation  

Approximately one week later (M=7 days, SD=2.4 days), participants completed the future 

simulation session. The session started with a practice session. Following some practice trials, the 

experimenter discussed the simulated events with the participant, checked that these complied with 

task instructions, and answered any questions.  

During the future simulation task, participants were presented 90 future event trials (45 within-

sphere, 45 across-sphere), each showing a recombined set of memory details for eight seconds (see 

Figure 4.2). Note that the existence of these two conditions was not disclosed to participants. 

Participants were instructed to imagine specific, novel future events that could take place five years in 

the future from now, whilst incorporating the three memory details presented on the screen. 

Participants made a button press as soon as they had an event in mind; this however did not change 

the screen and participants continued imagining until the end of the eight seconds of the trial. 

Participants were encouraged to elaborate and flesh out the event during this time. The event 

simulation screen was followed by three rating screens, each shown for three seconds. The order of 

these rating screens was pseudo-randomised and counterbalanced. Participants rated each event on a 

four point-scale for detail (“0” vague with no or few details, “3” highly detailed and vivid), 

plausibility (“0” highly implausible, “3” highly plausible) and coherency (“0” a fragmented 

simulation, the details did not come together well, “3” a fluent simulation, the details came together 

well). Fixation trials were jittered amongst the simulation trials. The length and place of fixation trials 

was determined using Optseq2 (Dale, 1999) for an optimal randomization and for the ease of using 

this paradigm in future neuroimaging studies.  
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Figure 4.2: A future imagination trial in the social sphere recombination paradigm. The ‘imagine 

future event’ screen was up for eight seconds, during which participants made a button press as soon 

as they had the event in mind. This ‘imagine future’ screen was followed by three rating screens, for 

detail, plausibility and coherency. Each rating screen was displayed for three seconds. 

 

4.2.5 Session 3: Cued recall and post-simulation interview 

Each participant was given a ten minute break after the simulation session, followed by a 

surprise memory test. In this cued recall test, participants were presented with two of the details from 

every detail set of the simulation session, and were required to provide the third detail (see Figure 

4.3). Participants were encouraged not to guess if they did not know the answer, but rather move on to 

the next question, so that we would know that the participants were confident about their answers. 

The answers to this test were checked by the researcher after completion of the task, with assistance 

of the participant if necessary (i.e., if the participant had “Dad” in the detail sets to denote his father 

Paul, but wrote “Paul” in the recall test, this counted as remembered).  
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Figure 4.3: Cued recall session in the social sphere recombination paradigm. Following the simulation 

session, a surprise cued recall memory test was completed by all participants. Participants were 

presented with two of the three details from each simulation trial set, and were requested to provide 

the missing detail.  

 

Next, an interview was conducted for all trials that were successfully remembered. We did not 

probe trials for which the simulations were subsequently forgotten as we could not be sure that these 

had been successfully constructed. First, for every event, participants rated how likely the co-

occurrence was of the three details presented in that detail set. This rating provided a measure of the 

disparateness of the detail recombination by assessing whether these three details naturally occur 

together in the participant’s life, regardless of whether the participant was able to generate a plausible 

event using those details. In addition, participants made a number of ratings for each of the simulation 

events. The rating scales used were: How difficult it was to combine the three details presented into 

the simulation (“0” not difficult, “3” difficult); how emotional the simulated event was (“0” not 

emotional, “3” very emotional); how similar to previous thoughts and previous experiences the event 

was (“0” not similar at all, never happened before, and “3” very similar, I’ve imagined this exact 
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event/this event actually occurred). Furthermore, participants estimated how far in the future this 

event might take place. Finally, all participants were asked whether they were aware there was going 

to be a memory test, and all responded that they were not.  

 

4.3 Results 

 

Trials were excluded if there was no button press (signalling lack of event construction) or a 

reaction time of less than 500ms (to exclude accidental button presses; see Study 1 and 2). Also 

excluded were trials with a similarity rating of “3”, indicating the imagined future event was identical 

to previously experienced or imagined events (and therefore non-compliant with task instructions to 

imagine novel events). These criteria resulted in 5.9% of trials being excluded, so that 94.1% of trials 

were included in the analyses. Lastly, due to technical problems, the location frequency of encounter 

of encounter ratings of one sphere were lost for one participant, and the location and object familiarity 

and frequency of encounter ratings for one sphere for another participant. Thus, for analyses on the 

familiarity and frequency of encounter ratings, data of these participants were excluded.  

 

4.3.1 Does disparateness of details influence plausibility and other construction processes? 

Behavioural data for across-sphere and within-sphere events are provided in Table 4.1. Results 

in this section were analysed through a series of paired-sample t-tests. To correct for multiple 

comparisons, we computed a Bonferroni-corrected alpha threshold of p=.004, derived by dividing our 

original alpha criterion (p=.05) by the number of t-tests we ran (12 in total). Note that unadjusted p-

values are provided. 

First, to confirm that our sphere manipulation had worked, we examined whether the details in 

the across-sphere detail sets were indeed more disparate than the details in the within-sphere set. As 

expected, we found that the likelihood of co-occurrence of the details comprising the details sets, 

regardless of the event the participants imagined, was significantly lower for across-sphere events 

than for within-sphere events (t(22)=-12.50, p<.001). We also checked that the familiarity and 

frequency of encounter ratings did not differ between the two sphere conditions. In the process of 
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creating the future event cues for this experiment, great care was exercised to randomise the stimuli to 

ensure an even distribution of familiarity and frequency of encounter scores between the across-

sphere and within-sphere condition, so as to isolate the effect of the disparateness of details on 

categorical novelty and construction. We did successfully control these variables across the two 

conditions: total familiarity and total frequency of encounter ratings did not differ across the sphere 

conditions (t(22)=-1.67 , p=.11 and t(22)=-1.54, p=.14, respectively). 

We then examined whether disparateness of details influenced the categorical novelty of 

simulations. Paired samples t-tests showed that events with more disparate details (across-sphere) 

were rated as less similar to previous thoughts (t(22)=-4.29, p<.001) and experiences (t(22)=-10.58, 

p<.001) than events with less disparate details (within-sphere), although noting that events from both 

sphere conditions were still considerably far removed from being similar to previous events. Together, 

these findings confirm that the disparateness of the details in an imagined event heightens its 

categorical novelty.  

Next, we were interested in whether differences in the disparateness of the details influenced 

the plausibility of events. We found that, as predicted, across-sphere events were rated as significantly 

less plausible than within-sphere events (t(22)=-12.43, p<.001). The disparateness of details also 

affected the construction of future events. A series of paired samples t-tests demonstrated within-

sphere events were faster (t(22)=4.99, p<.001) and less difficult (t(22)=8.96, p<.001) to construct, and 

they were rated as more coherent (t(22)=-6.47, p<.001) and more detailed (t(22)=-5.65, p<.001) than 

across-sphere events. For completeness, we also tested whether emotionality and temporal distance 

differed between the sphere conditions, but neither effect exceeded the Bonferroni-corrected alpha 

level of p=.004 (temporal distance, t(22)=2.23, p=.04); emotionality, t(22)=-.98, p=.34).   
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Table 4.1: Behavioural data for across-sphere and within-sphere events† 

Ratings  Across       Within 

Pre-simulation ratings   

Total familiarity 5.75 (.71) 5.83 (.80) 

Total frequency of encounter 3.30 (.72) 3.39 (.78) 

   

Simulation ratings and RT   

Coherency*** 1.36 (.47) 1.90 (.40) 

Detail*** 1.67 (.48) 2.04 (.40) 

Plausibility*** 0.56 (.41) 1.52 (.54) 

RT (s)*** 4.92 (.91) 4.41 (.86) 

 

Post-simulation ratings§ 

  

Difficulty*** 1.53 (.47) 0.79 (.30) 

Emotionality 0.43 (.39) 0.49 (.37) 

Likelihood of co-occurrence*** 0.32 (.21) 1.29 (.39) 

Similarity of event to previous experiences***          0.34 (.21)  0.98 (.38) 

Similarity of event to previous thoughts***   0.14 (.17)    0.35 (.39) 

Temporal distance of event (years)  1.71 (.81)   1.47 (.42) 

   

Note: †All participant ratings were made using a four-point rating scale, ranging from 0 (low) to 3 

(high), except for temporal distance (in years). §These ratings were only collected for events that were 

successfully recalled. ***p<.001. 
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4.3.2 Factors underlying plausibility ratings 

The comparison of phenomenological features of within-sphere and across-sphere 

manipulations demonstrated that the sphere conditions differ in plausibility. However, we are also 

interested in what it is that makes within-sphere events more plausible than across-sphere events. We 

examined whether the difference in plausibility ratings between within-sphere and across-sphere 

events could be explained by a difference in vividness (as measured by a difference score of detail 

ratings between within-sphere and across-sphere events), a difference in coherency between the 

sphere conditions, or fluency (as measured by a difference score of difficulty ratings between within-

sphere and across-sphere events). We ran a multiple regression analysis on the within-across 

difference in plausibility ratings, with the detail, coherency and difficulty difference scores entered as 

covariates, to assess the contribution of each of these factors.  

The analyses rendered a significant regression model predicting 55.3% of the variance in sphere 

differences in plausibility (F(3,19)=7.83, p≤.001). First, all three covariates were significantly 

correlated with differences in plausibility (r-values>.50; p-values<.01), as illustrated in Figure 4.4. 

Crucially, however, when the three were included in the regression analysis, only sphere differences 

in difficulty ratings predicted a significant amount of the variance in plausibility ratings (t(19)=-2.43, 

p=.03, β=-.44). This result reflects that, when the difference in plausibility ratings between the two 

spheres decreases, the difference in difficulty ratings decreases as well. The negative regression 

coefficient (i.e., the β-value) reflects a negative relation: Greater plausibility ratings are associated 

with lower difficulty ratings for within-sphere events relative to across-sphere events. Sphere 

differences in detail ratings were not a significant predictor of variance in plausibility differences 

(t(19) =-.37, p=.71, β=-.10), nor were sphere differences in coherency (t(19)=1.80, p=.09, β=.48). 

Despite the large amount of variance explained by the combination of covariates, the constant/Y-

intercept was still significant (t(19)=3.73, p=.001), indicating that the differences in plausibility are 

not fully explained by these variables alone. Rather, the differences in plausibility persist over and 

above what these rating variables contribute. 
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Figure 4.4: Scatter plots of the correlations between the sphere difference in plausibility ratings and 

rating covariates: A. differences in detail rating (r=.50, p=.01); B. differences in coherency ratings 

(r=.64, p<.001); and C. differences in difficulty ratings (r=-.66, p<.001). The lines reflect the best 

model for the data (i.e., the model for which the sum of the squared differences between the line and 

the actual data points is minimised). While the correlations between the difference in plausibility and 

differences in detail (A), coherency (B) and difficulty (D) ratings were all significant, only difficulty 

(C) was a significant predictor of plausibility when all covariates were entered into one regression 

model. 

 

4.3.3 Does categorical novelty influence subsequent recall? 

 The results in section 4.3.1 established that categorical novelty, as manipulated in this study 

by disparateness of details, was significantly higher for the across-sphere events relative to the within-

sphere events. We were interested in whether this categorical novelty enhanced or impaired the ability 
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to encode future events. Thus, we analysed whether the percentage of recalled events of total events 

differed between across-sphere and within-sphere conditions13. A paired-sample t-test revealed that, 

as shown in Figure 4.5, across-sphere events were remembered significantly less often than within-

sphere events (t(22)=-4.33, p<.001).  

 

 

Figure 4.5: Percentage of events remembered for the across-sphere and within-sphere conditions. 

***p<.001. Errors bars are standard error from the mean.  

 

Thus, it would appear that categorical novelty impairs the encoding of future events. This 

finding therefore suggests that factors which scaffold the event into memory likely enhance encoding, 

particularly for within-sphere events. Such factors could include construction-related advantages (i.e., 

how detailed and coherent the simulation is) and could even include a lack of novelty (i.e., high 

similarity of the simulation to memories14 and plausibility). To investigate whether the within-sphere 

advantage in event recall is influenced by these factors, we ran a multiple regression analysis on the 

                                                      
13 We calculated a percentage of the total events per sphere condition rather than comparing the number of 
recalled trials directly as the number of total trials could slightly differ between the sphere conditions due to the 
exclusion criteria (see the beginning of section 4.3).  
14 For this analysis, we created a composite score (“similarity to memory”) to reflect the similarity of the 
imagined event to event memories (regardless of whether the event representation originated in thought or 
experience). We computed this composite score by taking an average of both similarity ratings (similarity to 
previous thoughts and similarity to previous experiences) for each participant. 
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within-across sphere difference in recall rates with the within-across sphere differences in ‘similarity 

to memory’ composite score, plausibility, detail and coherency ratings as covariates. 

This analysis demonstrated that the rating variables themselves were not significantly 

correlated with differences in recall (r<.26, p>.11), except for the difference in similarity to memories 

rating (r=.37, p=.04; see Figure 4.6 for scatterplots of correlations of individual covariates and 

differences in recall). Together however, these covariates rendered a significant model predicting 

42.3% of variance in difference of recall rates between the sphere conditions (F(4,19)=3.53, p=.04). 

As expected from the correlation results, the differences in similarity to memories a significant 

predictor of the difference in recall (t(19)=2.55, p=.02, β=.47). This association was positive, 

indicating that the higher similarity ratings for within-sphere events was associated with higher recall 

of these events. The difference in detail significantly predicted some of the variance of the difference 

in recall rates as well (t(19)=2.18, p=.04, β=.66), again reflecting a positive relationship between the 

difference in detail ratings and difference in recall rates: as the within-sphere advantage for detail 

increased, so did the within-sphere advantage in recall rates. The difference in plausibility ratings only 

showed a trend for predicting the variance in the within-across sphere difference in recall rates 

(t(19)=-2.01, p=.06, β=-.47), but in a negative direction suggesting that lower plausibility for across-

sphere relative than within-sphere events may result in a smaller recall advantage for within-sphere 

events. The difference in coherency also did not significantly predict the sphere difference in recall 

(t(19)=-.62, p=.54, β=-.21). These findings together indicate that the difference in recall between the 

across-sphere and within-sphere condition can be at least partially explained by ratings of similarity to 

memories and detail (with a trend for plausibility ratings, albeit in the opposite direction).  
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Figure 4.6: Scatter plots of the correlations between the sphere difference in recall and rating 

covariates: A. the difference in detail rating (r=.26, p=.11); B. the difference in plausibility ratings 

(r=-.19, p=.19); C. the difference in similarity to memories composite rating (r=.37, p=.04); and D. the 

difference in coherency ratings between the sphere conditions (r=.06, p=.39). The lines reflect the best 

model for the data (i.e., the model for which the sum of the squared differences between the line and 

the actual data points is minimised). When entered together into the regression model, detail (A) and 

similarity (C) ratings were significant predictors of recall (with a trend for plausibility ratings (B)), 

while coherency (D) ratings were not.  
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4.4 Discussion 

 

One of the main objectives of this study was to investigate whether categorical novelty, the 

dissimilarity to previous events, can be manipulated by the disparateness of details comprising a 

future event. We found that the ratings of similarity to previous thoughts and experiences were 

significantly lower for across-sphere events than within-sphere events, indicating that our sphere 

manipulation worked. Our analyses also confirmed that events containing disparate details from 

different social realms of one’s life were rated as less plausible than events containing details that are 

more closely connected. Furthermore, consistent with the idea that the integration of disparate details 

involves more intensive processing, the disparateness of details also affected construction-related 

processes: Across-sphere events took significantly longer to generate, were less coherent, were rated 

as more difficult to construct, and contained less detail than within-sphere events. 

These findings can further inform previously reported differences between past and future 

events, since the details comprising any future event, relative to past events, are more disparate and 

require more intensive recombination processes. When considered in this regard, the findings of this 

chapter are consistent with previous research showing that future events are less detailed than past 

events (D'Argembeau & Van der Linden, 2004), more difficult to construct (Arnold et al., 2011a), and 

take longer to generate (Study 1). Moreover, in line with the constructive episodic simulation 

hypothesis (Schacter & Addis, 2007, 2009), the present findings suggest that while constructing future 

events requires more intensive recombination processes than past events, categorically novel future 

events may require these processes to an even greater degree.  

We also examined the psychological mechanisms by which people may evaluate the 

plausibility of imagined future events. Reality monitoring theory proposes that a major distinction 

between real and imagined events lies in detail (Johnson & Raye, 1981). In contrast, the availability 

heuristic theory proposes that this distinction lies in the fluency of construction (Tversky & 

Kahneman, 1973), in line with McDonough and Gallo (2010) who suggest it may follow from 

differences in cognitive effort. Our finding that only difficulty significantly predicted plausibility 

ratings, whereas detail and coherency did not, supports the latter theory – that plausible and 
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implausible future events are distinguished on the grounds of how fluently the event can be 

constructed. It is noteworthy, however, that our model only partially explained the variance in the 

plausibility rating, suggesting other factors beyond those captured by our rating variables also play a 

role in determining plausibility. 

Nevertheless, the findings lend some support to the idea that the ease of construction may 

influence plausibility ratings. The logic behind the availability heuristic hypothesis is that participants 

misinterpret the fluency of an imagining for familiarity with the categorically novel event, which then 

enhances their belief that this event may have happened before (Tversky & Kahneman, 1973; 

Whittlesea & Leboe, 2003). For instance, false memory research has shown that, when participants 

imagine a novel event with great fluency (i.e. the event comes to mind easily), these events are more 

likely to become false memories (Bernstein et al., 2009; Jacoby et al., 1989; Pezdek, Blandon-Gitlin, 

& Gabbay, 2006). One way to manipulate event fluency is to actively familiarise participants with 

events is through repetitions (Sharman, Garry, & Beuke, 2004). For instance, Szpunar and Schacter 

(2013) found that event plausibility increased with repetition (see also the findings of Study 1 and the 

discussion of Study 2). However, in such studies, contextual and categorical novelty would be 

confounded, and the increase of fluency with repetition may be due decreases in contextual novelty 

(as participants have constructed the event before) or categorical novelty (as participants are now 

more familiar with the event). However, if the goal of the experiment is simply to demonstrate what 

the effects of increases in fluency are (rather than revealing the causes of fluency), this issue may not 

be of concern. 

The fluency with which one constructs an imagined event – and thus the plausibility of the 

event – may also be influenced by one’s familiarity with the event components. In Study 1, we found 

that high plausibility events were associated with more familiar components than low plausibility 

events. For this study, we wanted to isolate the effect of disparateness of details on plausibility and 

encoding in this study, and so we kept familiarity ratings equal between the sphere conditions. In 

future research, however, component familiarity ratings could be manipulated to create different 

familiarity conditions to investigate how this affects the plausibility of imagined events. Likewise, one 

could manipulate the frequency of encounter ratings to determine whether frequency of encounter of 
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particular event components influences event plausibility ratings like the frequency of occurrence of 

entire events does (Gamboz, Brandimonte, et al., 2010; Tversky & Kahneman, 1973). 

 Although the regression analysis showed that difficulty predicted plausibility ratings, 

coherency did not (although there was a weak trend, p=.09), which may be considered a slightly 

puzzling result. One would expect that fluent construction would be associated with increased 

coherency of the event itself. However, differences in coherency ratings did correlate with differences 

in plausibility, suggesting that the covariate on its own can predict plausibility differences. Indeed, 

when entered into the model by itself, differences in coherency is a significant predictor (t(19)=3.85, 

p=.001) and the regression model is also significant (F(1,22)=14.81, p=.001). Moreover, adding detail 

to the model (F(1,22)=7.07, p=.005), coherency is still a significant predictor (t(19=2.37, p=.03). 

Thus, the reason the covariate was not significant in the full regression model including difficulty is 

likely due to the significant correlation between coherency differences and difficulty differences (r=-

.54, p=.004). Thus, while both coherency and difficulty can predict plausibility, difficulty is a stronger 

predictor.  

Another aim of this study was to investigate the effect of categorical novelty on the encoding of 

future simulations. Previous research suggested two possibilities: (1) That events higher in categorical 

novelty would be remembered more often than events low in categorical novelty, due to effects of 

enhanced encoding processes and distinctiveness of the events (Einstein et al., 1989; Tulving et al., 

1996); or (2) that events lower in categorical novelty would be remembered more often because they 

were more similar to previous events, which facilitates integration of the event into memory (Poppenk 

& Norman, 2012). Our results demonstrated that within-sphere events were remembered significantly 

more often than across-sphere events, a finding that overall is counter to the idea of the enhancing 

effect of novelty, but consistent with Poppenk and Norman’s scaffolding hypothesis. Moreover, the 

within-sphere advantage in memory was associated with increased similarity of events to previous 

memories. Poppenk and Norman (2012) suggested that familiar events may be remembered better 
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because pre-existing memories can act as a ‘scaffold’15, facilitating the binding of items and their 

context. This facilitation effect may follow from the fact that familiar stimuli sets can be represented 

as a single ‘chunk’ of information, while novel stimuli are represented as a combination of separate 

features, making encoding harder (Gobet et al., 2001; Poppenk & Norman, 2012). Thus, future events 

that are similar to previous thoughts and experiences are more easily encoded because they can be 

better integrated with pre-existing memories of similar content. It might also be that such scaffolding 

also facilitates the retrieval of relevant details, which in turns renders the simulation more memorable 

(cf. Martin et al., 2011). Indeed, the difference in detail was also a significant predictor of recall 

differences between the spheres. 

Overall, these results suggest that categorical novelty does not enhance encoding and may even 

disrupt it – findings which speak against the novelty hypothesis. This result was somewhat surprising 

given previous findings that bizarre information is often better encoded (Hirshman et al., 1989; 

McDaniel & Einstein, 1986). It may be, however, that this pattern of results is related to the type of 

memory test that was employed in this study (Einstein et al., 1989). Free recall tests measure how 

strong an entire memory is represented in the mind, and how well this memory can be accessed. Cued 

recall, on the other hand, tests how strong the connections are between the components that were cued 

(Einstein et al., 1989). It has previously been suggested that increased remembering rates for bizarre 

relative to common stimuli (e.g., imagery) are due to increased access to the images rather than 

enhanced retrieval of the components of the images (McDaniel & Einstein, 1986). Accordingly, 

bizarreness effect is found with free recall, but not with cued recall (Einstein et al., 1989). This idea 

can also explain why participants have frequently mentioned at the post-scan interview that they 

remembered the ‘bizarre’ events in particular, even though the cued-recall showed the contrary – 

mentioning the events to the researcher is an instance of free recall. For future research, it would be 

interesting to do an experiment with the same social sphere paradigm as used in the present study, but 

using both free and cued-recall tests to further explore this hypothesis. Although our piloting of the 

                                                      
15 Indeed, while traditionally, memory researchers have focused on the idea that representations of individual 
experiences are stored separately from each other (McClelland et al., 1995), this focus is now shifting towards 
the encoding of integrated memory representations (Shohamy & Wagner, 2008).   
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recombination paradigm has demonstrated that participants remember very few events through the 

free recall method, it is possible that the sphere manipulation might increase rates of free recall, and 

thus this may be an interesting venture for future research.  

It is noted that there was a trend for the difference in plausibility to be a significant predictor of 

differences in recall between the spheres (p=.06). Interestingly, the direction of this effect suggested 

that lower plausibility differences between the spheres were marginally predictive of a lower recall 

advantage for within-sphere events. Finally, it may be somewhat surprising that coherency ratings did 

not also predict recall rates. If the scaffolding theory (Poppenk & Norman, 2012) holds, then that 

means that events are recalled better because they are better integrated with previously established 

memories (i.e., through ‘integrative encoding’). However, since coherency did not predict recall rates, 

it may be that the type of integration which is most crucial is the integration of the new representation 

with other memories, as distinct from the integration of memory details within a newly encoded 

memory. It is possible that the coherency rating is a particularly nuanced rating that is challenging for 

participants to make within three seconds. Distinguishing between high and low coherency events 

might require more reflection, and thus in future studies, the use of more extensive coherency ratings 

without time restrictions (e.g., Hassbis et al., 2007) may be warranted.  

In this study, we have shown that categorical novelty can be investigated by a novel version of 

the recombination paradigm, which includes a manipulation of the disparateness of details. Events 

with more disparate details were rated as significantly more categorically novel, that is, less similar to 

previous thoughts and experiences than events with more connected details. Furthermore, this study is 

the first to directly show that increased disparateness of details is associated with decreased 

plausibility ratings, following suggestions made previously in the literature (e.g., Weiler et al., 2010a). 

Thus, this adaptation of the recombination paradigm proved effective and could be combined with 

fMRI to investigate the effects of categorical novelty and plausibility on the activation of the core 

network. For instance, it has been argued that it is the disparateness of details that drives differential 

anterior hippocampal activation during construction of low probability future events (Weiler et al., 

2010) and remote future events (Addis & Schacter, 2008). Thus, it would be an interesting endeavour 

for future research to examine whether across-sphere events are associated with heightened activation 



131 
 

of the anterior RHC relative to within-sphere events, while holding other factors such as the 

familiarity of event components constant. In doing so, it might be possible to isolate the neural 

substrates of the recombination processes required to bring disparate details together.  

However, given that the anterior hippocampus is also engaged for encoding and for the 

construction of more detailed events (Martin et al., 2011), it may also be that enhanced hippocampal 

activation is found for within-sphere events, relative to across-sphere events. Interestingly, Weiler et 

al. (2010a) found increased anterior hippocampal activation for events of low occurrence probability 

despite the fact that events with a high occurrence probability were more detailed. They did, however, 

not test for encoding-related activity. Thus, future research is needed to solve this apparent paradox of 

hippocampal activation.  

In summary, this study demonstrates that future events comprised of more disparate details 

were more categorically novel, less plausible and required more intensive constructive processes. We 

also found that participants base plausibility ratings of a future simulation on how effortful event 

construction was. In other words, the plausibility of events was estimated on the basis of how fluently 

the event was constructed, in line with the availability heuristic hypothesis (Tversky & Kahneman, 

1973). Moreover, categorically novel events were less often remembered than detailed events that 

were integrated into memory by their similarity to pre-existing memories, providing evidence for the 

scaffolding hypothesis of encoding (Poppenk & Norman, 2012). Categorical novelty and event 

plausibility are an intriguing new direction for research on future simulation, and our social sphere 

paradigm will prove useful in this endeavour.  
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Chapter 5. General Discussion 

 

5.1 Summary 

 

The past decade has seen the rapid development of our understanding of episodic past recall 

and episodic future thought. Since Tulving first suggested that episodic future simulation may be 

associated with episodic memory over 25 years ago (Tulving, 1985b), research has now investigated 

parallel deficits in neuropsychological cases (Dalla Barba et al., 1997; Hassabis, Kumaran, Vann, et 

al., 2007; Klein et al., 2002; Race et al., 2011; Squire et al., 2010; Tulving, 1985b), neurodegenerative 

diseases (Addis, Sacchetti, et al., 2009; de Vito, Gamboz, Brandimonte, et al., 2012; Gamboz, de 

Vito, et al., 2010; Irish, Addis, et al., 2012), neuropsychiatric conditions (Williams et al., 1996), 

phases of development (Busby & Suddendorf, 2005; Perner & Ruffman, 1995), and aging (Addis et 

al., 2010; Addis, Roberts, et al., 2011). More recently, some pivotal experimental (D'Argembeau & 

Van der Linden, 2004, 2006) and neuroimaging (Addis et al., 2007; Okuda et al., 2003; Szpunar et al., 

2007) studies have advanced new lines of research that have revealed subtle ways in which past and 

future events differ (Addis, Pan, et al., 2009; Arnold et al., 2011b; Szpunar et al., 2007; Weiler, 

Suchan, & Daum, 2011). One of the most intriguing findings has been that the hippocampus, typically 

regarded as a canonical memory region, shows increased activation for future relative to past events 

(Addis et al., 2007; Weiler et al., 2010b). This finding is not yet fully understood, and remains at the 

centre of much debate (Addis & Schacter, 2012).  

One critical difference between past and future events that has received relatively little attention 

in this debate is novelty. Although some have noted that novelty may be a factor in future event 

simulation (Gamboz, Brandimonte, et al., 2010), in particular for specific future events (Addis, 

Cheng, et al., 2011), the cognitive and neural differences in future events due to novelty have not been 

investigated directly. The neuroimaging and behavioural studies comprising this thesis provide new 

insight into this unique aspect of future events.  
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Study 1 illustrated that the difference in contextual novelty (i.e., the difference between novel 

and repeated stimuli) between past and future events gives rise to several behavioural differences. 

Specifically, the initial generation of future events is more effortful than for past events, as reflected 

by lower detail ratings and slower RTs. However, over repetitions, as contextual novelty wanes off, 

event generation appears to become significantly easier for future events, with a significantly greater 

increase in details and a significantly greater decrease in RT for future relative to past events. 

Study 2 investigated whether contextual novelty may underlie hippocampal activity during 

future event simulation. When participants repeatedly imagined future events, anterior hippocampal 

activation and connectivity with other core network structures decreased as contextual novelty 

dissipated. These findings demonstrate that the anterior hippocampus plays an important role in a 

functional network supporting the initial construction of contextually novel future events. 

Furthermore, it explains some of the incongruent findings previously reported in the literature, where 

some studies report differential hippocampal activity for past relative to future events. In paradigms 

where participants pre-imagine future events prior to entering the scanner, hippocampal activation 

may be diminished, giving the appearance that the hippocampus is not involved in the construction of 

future events. Our evidence would suggest that pre-imagining decreases the contextual novelty of the 

events and can thus influence the levels of simulation-related activity relative to retrieving past events. 

It was also demonstrated, for the first time, that hippocampal activation during future event simulation 

is strongly and significantly right-lateralised, in line with the apparent pattern evident in previous 

studies (e.g., Addis, Cheng, et al., 2011; Addis et al., 2007; Weiler et al., 2010b).  

Contextual novelty may be further modulated by categorical novelty (i.e., the difference 

between novel and common stimuli). In Study 1, categorical novelty was indexed by plausibility, and 

it was found that future events low in plausibility ratings were initially less detailed than future events 

high in plausibility, but that this effect dissipated over repetitions. Interestingly, high plausibility 

events did not differ from low plausibility events in terms of RT, suggesting that categorical novelty 

does not have a major influence on the time needed to construct the event. While initially somewhat 

surprising, we speculated that this lack of a RT effect may have arisen because integrating three 

randomly recombined details (from the cue set) together into a coherent event is time-consuming 
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regardless of the eventual plausibility of the event. This potential disparateness in details may have 

further increased the categorical novelty even for events higher in plausibility ratings, as previously 

suggested in the literature (Weiler et al., 2010a).  

This possibility was further investigated in Study 3, where the disparateness of details was 

systematically varied using a novel social sphere manipulation to further examine categorical novelty. 

Our speculations were confirmed: Events consisting of highly disparate details were rated as 

significantly less similar to previous thoughts and experiences than events with less disparate details. 

Furthermore, events with highly disparate details were rated as significantly less plausible. This 

finding confirms that low plausibility maps onto categorical novelty, validating the method used to 

identify categorically novel events in Study 1. Study 3 also revealed that participants base plausibility 

ratings, at least in part, on the difficulty of event construction -though the coherency of the simulation 

may also play a role-, or how fluently they were able to construct the event, consistent with 

availability heuristic hypothesis (Tversky & Kahneman, 1973),. Finally, it was demonstrated that 

events low in categorical novelty were remembered more often because these events were more like 

previous thoughts and experiences, allowing the participant to build on previous memories whilst 

encoding. This evidence provides further support for the scaffolding hypothesis (Poppenk & Norman, 

2012). This scaffolding likely also facilitated the retrieval of additional details, which may have 

contributed further to increased recall rates (Martin et al., 2011).  

 

5.2 Contextual novelty 

 

5.2.1 Novelty detection versus recognition 

Our findings show that contextual novelty is a feature particular to future events as compared to 

past events (Study 1) and is likely a contributing factor to the preferential activation of RHC for future 

relative to past events (Study 2). As aforementioned, these findings provide an explanation for some 

of the incongruent findings in the literature with regards to hippocampal activation for future events. 

Some studies have reported increased hippocampal activation for past rather than future events 

(Abraham et al., 2008; Botzung et al., 2008; Weiler et al., 2010b), but a common feature of these 
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studies is that participants imagined events prior to entering the scanner. Accordingly, the contextual 

novelty of future events would have greatly diminished, leading to decreased hippocampal activation 

and connectivity.  

The finding of a significant increase in anterior hippocampal activation for novel relative to 

repeated events in Study 2 maps onto findings of increased anterior hippocampal activity for semantic 

associative novelty relative to repeated associations (Köhler et al., 2005; Schott et al., 2004; Strange et 

al., 2005). Again, however, findings in the opposite direction have also been found, where the 

hippocampus is preferentially engaged for old relative to novel stimuli (Duzel et al., 2003; Eldridge, 

Knowlton, Furmanski, Bookheimer, & Engel, 2000). These mixed findings may reveal a paradox in 

hippocampal function and activity: The hippocampus is not only engaged for detection of novel 

stimuli but also for recognition of old stimuli. Both of these processes are likely supported by the 

same underlying mechanism in which the CA1 region of the hippocampus receives input from CA3 

(memories of previous experiences) and from the entorhinal cortex (information regarding current 

experience) for comparison, and the ultimate ‘verdict’ can go either way (i.e., whether the current 

experience is ‘old’ or ‘new’).  

Similarly, it has been suggested that hippocampal activation during recognition is a mixture of 

both encoding and retrieval-related processing (Stark & Okado, 2003; Woodruff et al., 2005). Indeed, 

even when the hippocampus is engaged in novelty detection, recall of memories is involved. It is 

crucial that the incoming stimuli (i.e., current experience) are compared to memories (i.e., past 

experience) so that the hippocampus can establish whether the new information is, indeed, new. 

Likewise, some additional encoding may occur even when a readily familiar stimulus is recognised 

(i.e., 're-encoding', Nadel & Moscovitch, 1997).  

Thus, the mixed results in the literature suggest that the function for hippocampal activity 

across repetitions may be U-shaped, with an enhancement in activity for both new and older 

presentations (Johnson, Muftuler, & Rugg, 2008). When current experience matches previous 

experience, recognition occurs; if there is a mismatch between current and previous experience, 

novelty is detected. Thus, it needs to be determined when and why each of these processes is observed 

in experiments in which detection or recognition can occur. One possibility is that amplitude of 
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hippocampal match or mismatch signals depends on the task at hand: If the nature of the recognition 

task (or the stimuli involved) is such that strong recollective processes are required during retrieval, 

then the hippocampal response to old items may be sufficient to overshadow any novelty responses 

(Johnson et al., 2008; Köhler et al., 2005).  

Thus, for the episodic simulation studies that report increased hippocampal activity for past 

relative to future events, it may be that, due to the repetition incurred by the pre-imagination session, 

hippocampal engagement was already shifting more towards retrieval and away from novelty 

processes, such that retrieval processes for the previously imagined future events overshadowed any 

residual contextual novelty processing. Even so, we did not find hippocampal activation in our 

contrast of repeated versus novel imaginings in Study 2. However, in our study, participants were 

specifically encouraged to work with the simulation that came to mind, rather than engage in a 

deliberate, effortful retrieval process, thus focusing the participants more on the novelty aspect of the 

task.  

It is also conceivable that fMRI, typically used in studies assessing novelty-related activity, is 

actually insufficient to measure all the subtle neural distinctions between novelty detection and 

recognition. Indeed, it may be that while the use of fMRI in Study 2 captured some novelty-related 

processes, others may have been missed. Specifically, there may be differences in the temporal 

distribution or amplitude of hippocampal signal which is not captured with fMRI (Kumaran & 

Maguire, 2007b), where BOLD signal is averaged over a time window of several seconds. 

Additionally, the BOLD response reflects changes in blood flow that occur several seconds after the 

corresponding neural events. Novelty processes, particularly novelty detection, likely take place on a 

time scale that is on the order of milliseconds (Yamaguchi et al., 2004). As such, the use of event-

related potentials (ERP), which directly indexes electrophysiological activity with a high degree of 

temporal resolution, may be more adequate for this particular research question. The drawback of 

EEG is that it has a lower spatial resolution than fMRI. It should be noted that the results of fMRI 

studies investigating novelty do show a fair correspondence with findings from ERP studies 

(Ranganath & Rainer, 2003). However, given the above considerations, it would be very interesting to 
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run an ERP study investigating the novelty of future events; such a study would provide new 

information about the temporal distribution of novelty processes in future event simulations.  

 

5.2.2 Novelty detection versus other novelty processes 

In Study 2, we argued that, while novelty detection may be one of the processes associated with 

contextual novelty, it is likely not the only process. However, many authors take the presence of a 

novelty effect (i.e., preferential activation for newly presented stimuli relative to old or repeated ones) 

as evidence of novelty detection (e.g., Kumaran & Maguire, 2007a) without consideration of other 

processes which may be active simultaneously. For instance, encoding is a process that may be taking 

place in, or triggered by, the MTL when novel stimuli are encountered (Henson, Cansino, Herron, 

Robb, & Rugg, 2003; Köhler et al., 2005). 

One way to attempt to distinguish between novelty detection and other related processes is by 

examining the activation profiles of the region over repetitions. In Study 2, the decrease in 

hippocampal activity over repetitions was primarily linear rather than quadratic, indicative of a more 

gradual change rather than a steep drop-off in activation levels. If novelty detection was the primary 

function of the hippocampal region identified in our analysis, we would have expected a sudden drop 

in activation (i.e., a quadratic decrease in activation; see Balderston et al., 2011). A gradual linear 

change in activation, on the other hand, indicates that some processes continue to be engaged over 

repetitions - such as encoding - even if the extent to which such processes are engaged declines over 

repetitions (Svoboda & Levine, 2009).  

Interestingly, in a high-resolution fMRI study, Johnson et al. (2008) found that both a gradual 

and a more steep profile in response to new and repeated items can occur in adjacent but anatomically 

segregated locations in the hippocampus. The contrast of new relative to old items revealed a 

quadratic profile of activity in the medial aspect of bilateral hippocampus (possibly in the vicinity of 

CA3), with a steep drop-off after the initial presentation. It also revealed effects in adjacent regions in 

the lateral aspect of the right anterior hippocampus (possibly in the vicinity of CA1), where activity 

decreased linearly with every presentation. It was suggested that these two response profiles may 

reflect different functions, with the medial hippocampus supporting the detection of discrete changes 
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in old versus new stimuli, and the lateral hippocampus supporting relative variations in stimulus 

novelty. While these findings raise an interesting possibility that different subregions of the 

hippocampus which are in close proximity may be involved in different facets of novelty, it is not yet 

clear what these different novelty response profiles reflect exactly. Indeed, it is striking that there is so 

much overlap in activation in the anterior hippocampus for the construction, detection and encoding 

of associations16. Future research involving high resolution fMRI is needed to determine whether 

these processes and their underlying neural substrates can be distinguished.  

 
 
5.2.3 Repetition suppression paradigm 

The repetition suppression paradigm combined with the episodic recombination paradigm 

proved a useful tool to investigate the effect of contextual novelty on future event simulations (Study 

1) and associated hippocampal activation (Study 2). One potential conceptual difficulty with using a 

repetition paradigm to examine the neural substrates of contextual novelty is that it is 

indistinguishable from the neural suppression that occurs with repetition (Martin, 1999). Indeed, in 

this thesis, and in line with others (Habib, 2001), we have assumed that the increase in activation 

associated with novelty and the reduction in activity associated with repetition are equivalent. 

We supplemented the repetition suppression paradigm to include a measurement of RT, so we 

could gauge behavioural priming. Parametric modulation analyses of these measurements indicated 

that RT could not account for our novelty findings, leading us to conclude that a behavioural 

facilitation effect over repetitions was not the primary explanation of our neuroimaging findings17. 

However, this result may also be due to the episodic character of the task, which is more complex 

than the repetition of words of images as in a typical priming study. Therefore, RT may not be a good 
                                                      
16 See also the apparent paradox mentioned in the discussion of Study 3, where enhanced hippocampal activation 
can be expected for across-sphere events as they require more intensive recombination processes, but also for 
within-sphere events, as they are more detailed and recalled more often (suggestive of heightened encoding 
processes).  
17 Another possibility is of course that priming (as measured by RT) is not the exact behavioural correlate of 
neural repetition suppression. While suggestions have been made to this regard (Henson & Rugg, 2003; Wiggs 
& Martin, 1998), some recent research has shown that RT and neural suppression effects can be dissociated in 
some regions (Ganel et al., 2006). Effects of repetition suppression and priming (and potentially their 
interaction) are however also dependent to some extent on the task and brain regions involved (Schacter, Wig, & 
Stevens, 2007). More research is needed to establish the exact link between repetition suppression and 
behavioural priming, which may be done by establishing the exact neural mechanisms of repetition suppression 
(Grill-Spector et al., 2006). 
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reflection of difficulty in these kinds of studies. The time it takes to construct a simulation may only 

constitute some of what makes any given simulation feel difficult. Thus, an option for future fMRI 

research could be to include a measure of difficulty following every event presentation, as was done 

with the detail rating in Study 2, as another way to monitor the increase in facilitation over repetition.  

Another challenge of repetition suppression paradigms is that decreasing novelty is conflated 

with decreasing difficulty. One way to avoid this issue is by modulating contextual novelty prior to 

the task. For example, Gamboz et al. (2010) had participants rate on a 7-point scale, after the 

imagination session, how frequently events had happened in the past, where ‘0’ meant ‘this event has 

never occurred before’, and ‘7’ ‘this has occurred many times previously’. It was found that imagined 

future events due to take place in the near future were rated as having occurred significantly more 

frequently in the past than more distant future events. This approach could not be used in the current 

studies, however, because the future events generated by our participants had very low similarity 

ratings (i.e., ratings of similarity to previous thoughts and experiences), and as such there would not 

have been sufficient variability to create conditions of high and low contextual novelty in this way. As 

suggested in Study 1, the low similarity ratings may be due to the recombination paradigm itself, 

where potentially disparate details are randomly recombined. Notably however, this effect was 

evident even in the within-sphere condition in Study 3, where all the details comprising each event at 

least originated from the same social sphere. A more general issue with this approach is that the high 

and low novelty conditions always have to be created post-hoc: Ratings cannot be collected prior to 

the task as this would require participants to pre-imagine the future events which would greatly 

decrease crucial novelty and construction processes (see Study 1 and 2). Thus, it seems that at present, 

repetition suppression paradigms may be the best way to manipulate contextual novelty.  

An issue with the particular repetition paradigm we used in Study 2 is that we did not include 

repeated trials in the control condition, which would have been optimal for control comparisons of 

repetition-related changes in neural activity. Nonetheless, we were able to deal with this oversight by 

creating equivalent time intervals between control condition trials, enabling us to confirm that the 

repetition-related decreases in the future event condition were not simply due to non-specific time-

dependent effects. In sum, the potential issues with repetition suppression paradigm described in this 
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section do not detract from the overall contributions this paradigm has made to our understanding of 

future simulation (Study 1 and 2; Szpunar & Schacter, 2013; Szpunar et al., 2013) and many other 

cognitive processes (for an overview, see Henson, 2003).  

 

5.3 Categorical novelty 

 

5.3.1 Effort and future event simulation 

Given the considerable overlap in cognitive and neural processes between remembering and 

imagining, how is it that we can discriminate between the two so easily and effectively in our daily 

lives? In Study 1 and 3, we demonstrated that one distinguishing characteristic between real (past) or 

imagined but realistic (i.e., common) future events and imagined and uncommon (i.e., categorically 

novel) events is the difficulty to construct these events. The findings of Study 3 suggest that 

recombining disparate details may be more effortful than recombining more closely connected details, 

as reflected by increased RTs and higher difficulty ratings, as well as decreased detail and coherency. 

Study 1 showed that future events – particularly implausible ones – initially take longer to construct 

than past events despite being less detailed, but that this effect dissipates over repetition. Thus, the 

realistic nature of a representation, be it of a real or imaginary episode, may be signalled by the 

difficulty of construction. Indeed, in Study 3 it was demonstrated that event plausibility ratings were 

based in part on how difficult it was to construct the imagined event.  

These findings corroborate the availability heuristic hypothesis (Tversky & Kahneman, 1973), 

which suggests that individuals use the fluency with which an event is constructed as a heuristic with 

which they estimate the likelihood that the event has occurred in the past or can occur in the future. 

The findings are also consistent with aspects of the constructive episodic simulation hypothesis 

(Schacter & Addis, 2007, 2009), particularly the idea that a distinct feature of imagined events (as 

compared to past events) is the flexible recombination of disparate memory details into novel 

episodes. In this thesis, we have demonstrated findings that confirm that, given their contextual 

novelty, future events are more effortful to construct and require more intensive recombination 

processes than past events. However, we have also shown that relative to common future events, such 
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distinctions may be intensified for categorically novel future events, as more effort is required to 

recombine quite disparate details together into a coherent representation.  

Thus, in a way, episodic event representations can be viewed in a continuous spectrum of 

novelty: (1) Past events, which reflect real experiences, consist of previously established detail 

associations, and lack categorical novelty; (2) plausible future events, which reflect realistic scenarios, 

are similar to past experiences but involve contextually novel recombinations of related details; and 

(3) categorically novel future events, which are unlike past experiences, may rely more on semantic 

information (see also section 5.3.3) and consist of novel recombinations of disparate details. 

Presumably, the imagination of more fantastical and fictitious events, such as meeting Cinderella, 

would be even further along the continuum, being quite unlike any prior experience and thus requiring 

even more effort. However, if events are so out of the realm of prior experience that they consist 

primarily of semantic information, they do not fit on this continuum of episodic event generation. 

Indeed, non-personal fictitious events are likely an independent form of simulation, as amnesic 

patients with episodic simulation deficits are able to imagine them (e.g., Klein et al., 2002; see also 

section 1.3.1), although this remains to be seen for fantastical events. 

It should be considered, however, that effort may be associated with a number of processes 

other than just increased recombination processes, such as executive processes (Weiler, Suchan, 

Koch, et al., 2011). Executive processes are required to construct a coherent event representation from 

potentially disparate episodic details (Anderson, Dewhurst, & Nash, 2012; D'Argembeau, Ortoleva, 

Jumentier, & Van der Linden, 2010; Weiler, Suchan, Koch, et al., 2011). Neuroimaging evidence for 

the role of executive processing in simulation is that constructing imagined events relative to real 

events preferentially engages PFC regions (Addis et al., 2007; Conway et al., 2003; Szpunar et al., 

2009), associated with such executive functions (Petrides, 2002). 

One aspect of simulation that relies on executive processing is the selection of an appropriate 

spatiotemporal context, a process which may be especially taxing for more categorically novel events. 

To select a spatiotemporal context in which the event can take place, the participant needs to search 

for the appropriate circumstances for the event from an almost infinite amount of possible 

combinations of details from episodic memory. Next, an evaluation of the combination of details and 
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a selected context is required to determine whether it is feasible to bring certain details together in a 

single event. It is likely that some details will need to be rejected, while others will need to actively be 

retrieved from memory, and these will need to be actively maintained in combination with previously 

retrieved details. Finally one spatiotemporal context must be selected, and the context and the details 

must be recombined into a coherent event (D'Argembeau et al., 2010). In support of this idea, 

D’Argembeau and colleagues (2010) found that measures of executive processes were related to 

future event specificity, but not past event specificity. Thus, it may be that for events comprised of 

disparate details, there is a more effortful process of selecting a particular spatiotemporal context from 

a selection of possible contexts that will, in combination with the other event details, result in a 

plausible and coherent future event.  

While D’Argembeau et al. (2010) focussed on executive processes in general, there are likely 

specific executive functions which are important. For instance, de Vito et al. (2012) found that 

patients with Parkinson’s disease (typically associated with deficits in executive processes) showed 

particular deficits in the flexible search of memory, Berryhill et al. (2010) observed that patients with 

unilateral PFC lesions had deficits integrating memory details into a coherent whole, and Weiler et al. 

(2011) found that patients with thalamic lesions affecting PFC connections were impaired for both 

search and recombination processes. Future research is needed to tease apart effort arising from these 

different executive processes, and from executive relative to recombination processes. 

 

5.3.2 Categorical novelty and encoding 

Very little is known about the encoding of future events. Ingvar (1985) argued that such 

“memory for the future” (i.e., remembering previously imagined future events) conveys an adaptive 

function as remembering our plans can prepare us better for the future and positively affect our future 

behaviour. Consistent with this suggestion, Klein and colleagues have demonstrated that scenarios 

that involve planning are remembered better than scenarios which do not involve planning (Klein, 

Robertson, & Delton, 2010, 2011). Furthermore, Martin et al. (2011) have shown that future 

simulations which are remembered on a post-simulation cued recall test engage the hippocampus 
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preferentially relative to simulations which are subsequently forgotten, an effect which occurred even 

when controlling for the amount of detail associated with the simulations.  

In Study 3, we extended these findings regarding the encoding of future event simulations by 

demonstrating that categorically novel future events were remembered significantly less often than 

more common future events. While categorically novel events might seem more memorable because 

they are more salient, particularly so if assuming that novel information warrants encoding (Tulving et 

al., 1996), they were also comprised of more disparate details and hence more novel, and potentially 

arbitrary, associations. In contrast, events low in categorical novelty were more similar to previous 

events, and as such they may have been easier to link to previous experiences (Poppenk & Norman, 

2012) enhancing encoding. In addition, future events low in categorical novelty are more likely to 

reflect possible future goals and plans than categorically novel simulations, which may also stimulate 

encoding (Klein et al., 2011).  

 It may also be that the function reflecting which future events are later recalled follows a U-

shape, where the most novel events are recalled well because they are salient and distinctive and the 

least novel events are recalled well because they are most easily integrated with previous memories. 

For the most unusual events, it may be that encoding is only enhanced to the extent that it is captures 

attention, in line with findings in the bizarre imagery literature (Kroll, Schepeler, & Angin, 1986). 

The detection of novelty may result in allocation of attentional resources to focus on these novel 

stimuli, resulting in enhanced encoding (Ranganath & Rainer, 2003). Future research is needed to 

further explore whether there are conditions under which novelty may enhance encoding. 

 

5.3.3 The role of semantic memory in future event simulation 

 
 

One of the main questions in this thesis was if and how categorical novelty affects future event 

simulation. In Study 3, we found that categorically novel events are less similar to previous 

experiences than common future events, and rated as less plausible – and both of these characteristics 

were associated with the increased disparity of details comprising the event. In Study 1, it was also 

demonstrated that plausible future events are more like past events than are implausible events. 
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Indeed, one main feature of implausible events is that they are rare and have very little resemblance 

with previous experiences that have occurred. Accordingly, there are fewer events in episodic 

memory from which to extract information than would be the case for events which are not 

categorically novel and that are more plausible. Indeed, Anderson (2012) has shown that personal 

experience (i.e., episodic memory) is the primary source of information when constructing imagined 

events, but if unavailable, participants rely on the experiences of others (e.g., friends) and on media 

sources. It may be the case that when creating implausible future scenarios, semantic memory is used 

as a source of information more frequently than when constructing plausible events (Irish & Piguet, 

2013), especially when the imagining is effortful (Weiler, Suchan, Koch, et al., 2011). 

 Indeed, specific (episodic) and general (semantic) information may have different functions. 

Specific information may be useful to the extent that it is highly specialised, giving additional details 

of specific persons, locations or objects, while generalised information may be useful in that it 

facilitates generalization to other, new situations. Thus, it may be more efficient to use a combination 

of episodic and semantic information when simulating future events, rather than using episodic 

information alone (Szpunar, 2010). These ideas are derived from the episodic memory literature, 

where the prevailing view is that episodic and semantic information interact in the construction of 

episodic memories (Tulving, 1983; see also Chapter 1, section 1.2.1). However, future thinking 

research so far has generally focused on episodic rather than semantic memory (Irish & Piguet, 2013; 

Klein, 2013; Martin-Ordas, Atance, & Louw, 2012), and the role of semantic memory in episodic 

future simulation has received less attention (for acknowledgements of possible contributions of 

semantic memory to typical future event simulations however see Anderson & Dewhurst, 2009; 

D'Argembeau et al., 2010; Suddendorf & Corballis, 2007; Szpunar, 2010).  

Semantic memory may be particularly important when episodic memory is insufficient or 

unavailable. Research on populations with episodic memory deficits, such as the aging population and 

patients with amnesic mild cognitive impairment, have found that such individuals generate imagined 

events that contain less episodic details and more semantic details relative to controls (Addis et al., 

2010; Addis et al., 2008; Gamboz, de Vito, et al., 2010). This difference may reflect the fact these 

individuals have to rely on other information because they cannot access episodic details.  
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However, recent research has suggested that semantic memory may not only be required in 

situations where access to episodic memory is somehow disrupted. Irish, Addis and colleagues have 

shown that patients with semantic dementia, who had intact episodic retrieval but significantly 

impaired semantic memory, were impaired on an episodic future simulation task (Irish, Addis, et al., 

2012). These findings demonstrate that episodic retrieval of past events is not sufficient for the 

successful simulation of future events, contrary to what is generally assumed. Irish and colleagues 

suggest that semantic or conceptual knowledge is required as the ‘scaffolding’ or conceptual 

framework into which any available specific episodic details can be integrated. Furthermore, it was 

found that 80% of the future events described by the semantic dementia patients were identical to 

events they had previously experienced. Thus, scaffolding and semantic memory may be particularly 

important for novel events with little resemblance to previous events (Irish & Piguet, 2013), 

consistent with Anderson’s (2012) findings.  

 Did the future events in the studies in thesis also contain a large amount of semantic detail, and 

did events low in plausibility contain more semantic details than events high in plausibility? 

Unfortunately we did not include any measures that would allow us to answer this question, but it 

likely was a mixture of semantic and episodic details. Unlike the paradigms requiring participants to 

imagine generic fictitious scenes (Hassabis, Kumaran, & Maguire, 2007; Hassabis, Kumaran, Vann, 

et al., 2007) which may contain little episodic information, the recombination paradigm confirms that 

at least three central episodic components are tied into an imagined event. As participants generated 

these details from their memories in the first session, all of these event details had previously been 

experienced, even if they are combined into categorically novel events, while this was not the case in 

other studies investigating implausible events taking place in the jungle or on Mount Everest (de Vito, 

Gamboz, & Brandimonte, 2012; Szpunar & McDermott, 2008a). For future research, a way to 

measure the contributions of semantic and episodic memory for plausible and implausible future 

events may be to record the descriptions of these simulated events in an Autobiographical Interview 

(Levine et al., 2002), and to compare the number of episodic and semantic details between plausible 

and implausible events. 
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5.4 The adaptive value of future events 

 

The studies presented in this thesis have several broad implications. The capacity to imagine 

future events may be an evolutionary important development in humans. As mentioned previously, 

future events are likely adaptive as they help prepare us for the future (Ingvar, 1985). Imagining 

future events allows us to simulate potential successful and unsuccessful actions, without having to 

endure any actual consequences of these actions (Bar, 2009; Buckner & Carroll, 2007; Schacter & 

Addis, 2007; Schacter et al., 2008; Suddendorf & Corballis, 2007). It furthermore provides 

individuals with a ‘head start’ in that they can think about appropriate action plans scenarios before 

they actually arise.  

Humans may have a particular advantage as they are able to engage in flexible anticipation: 

while animals such as birds may be prepared for the future through instincts and other innate skills, 

such adaptations become inadequate in the face of major changes (e.g., climate change; destruction of 

their habitat)(Suddendorf & Corballis, 2007). Humans are able to adjust through learning alternative 

strategies and preparing before calamity strikes. Learning in this sense is a future-oriented adaptation 

that allows for adjustments to local changes in the present, and for the tracking of regularities that 

may arise again in the future (Suddendorf & Corballis, 2007). In addition, this flexibility allows us to 

generate all kinds of future events, even those that currently seem implausible, as evidenced in Study 

1 and 3 in this thesis, but that may occur due to immense, unforeseen changes in the future.  

But imagining future events has other benefits as well. Simulations can enhance psychological 

well-being. For instance, the occurrence of problem behaviours can be reduced by means of future 

event simulation: alcoholics who simulate future temptations are able to formulate hypothetical plans 

to avoid these temptations (Marlatt, 1978). Furthermore, simulating future events can help people 

cope with upcoming situations (Brown, Macleod, Tata, & Goddard, 2002; Taylor et al., 1998; Taylor 

& Schneider, 1989), through preparation and emotion regulation. For first-time mothers-to-be, 

engaging in simulations about going into labour and going to the hospital in detail were correlated 

with increased feelings of a positive outcome and decreased worries about the future event (Brown et 

al., 2002). College students who simulated a stressful event such as an upcoming exam in detail 



147 
 

subsequently reported using more effective coping strategies than the control groups who did not 

simulate the event (Taylor et al., 1998).  

 

5.5 Future directions 

 

5.5.1 Creativity 

A particularly important feature of episodic future simulation is that it is flexible (see the 

previous section, 5.4). It is the flexibility with which episodic memories are stored (i.e., in separate 

details, such that they can be recombined in old but also novel ways) that provides the foundation for 

future simulation (Schacter & Addis, 2007; Schacter et al., 2011), and as mentioned previously, 

flexible future thinking might distinguish future preparation in humans from that in animals 

(Suddendorf & Corballis, 2007). Thus, flexibility is pivotal to future event simulation. In the studies 

in this thesis, it was noticed that some participants were very good at coming up at detailed scenarios 

even for implausible events (as evidenced by detailed descriptions in the post-simulation interview), 

while others were not. This observation leads to the question whether some individuals may be more 

flexible and more creative in their thinking, and whether this influences their ability to simulate future 

events.  

Creativity has been defined as the ability to come up with new ideas, or new associations 

between the existing ideas, which are considered both novel and meaningful (Csikszentmihalyi, 1999; 

Flaherty, 2005). There is a close match between this concept of creativity and future event simulation. 

The ability to make more novel associations between memory details allows one to prepare for a 

greater range of possible future scenarios; however, the simulation of utterly implausible future events 

likely does not confer an adaptive benefit (i.e., it needs to be novel but also meaningful). Indeed, 

schizophrenic hallucinations are associated with such ‘creativity without bounds’, where imaginings 

have little connection to reality (Flaherty, 2005).  

Neuroimaging research in creativity has seen a recent increase in interest (Dietrich, 2004; Jung 

et al., 2010). Although creativity has not yet been linked directly to future event simulations (though 

see Weiler, Suchan, Koch, et al., 2011 for suggestions), the importance of thinking creatively in the 
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process of future event simulation, is undisputed: “In many ways, imagining new experiences can be 

regarded as the purest expression of construction.” (Hassabis & Maguire, 2009, p.1263). In 

unpublished results from our group, it has already been demonstrated that creativity measures (e.g., 

originality of ideas, number of ideas) correlate with the amount of episodic details comprising future 

but not past events. This direction is an important venture for future research, and it would be very 

interesting to see whether individuals who have a greater creative ability also exhibit a greater ability 

to imagine events which require intensive recombination processes, such as categorically novel but 

realistic future events.  

 

5.5.2 Other forms of simulation 

Another important consideration is whether the novelty effects reported in this thesis are tied to 

future simulations specifically, or whether they would be evident for any form of episodic simulation, 

such as simulations of past or atemporal events (for a discussion, see Schacter et al., 2012). In other 

words, are these novelty effects unique to future events or any simulation of an event that departs 

from previous experience, irrespective of its temporal nature? Study 1 demonstrated that remembered 

past events do not show contextual novelty effects to the same degree as future events. But this 

finding may not hold true for imagined past events. Recent studies on counterfactual episodic 

simulation (De Brigard et al., in press), where individuals simulate alternative outcomes to past 

events, have shown that episodic memory and episodic counterfactual simulation rely, to a large 

degree, on the same common pattern of brain activity that is associated with episodic future 

simulation (Addis et al., 2007). This neural overlap raises the possibility that novelty effects will not 

restricted to future simulations, but would extend to other forms of episodic simulation. Whether such 

novelty effects are evident for all forms of imagined events (such as counterfactual and atemporal 

events) is a question for future research. 
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5.6 General conclusions 

 

The studies described in this thesis examined the unique nature of future event simulations. 

They provided new information about the cognitive and neural underpinnings of future events. 

Contextual novelty differentiates future from past events, and is a key factor underlying the 

preferential engagement of the hippocampus and connected regions during simulation. The 

categorical novelty of future events was revealed to be influenced by the disparateness of details 

comprising the events, which also strongly affects the fluency and the plausibility ratings of the 

events, as well as the subsequent recall of events. These studies provide compelling evidence that 

novelty is a crucial aspect of future event simulations, and these findings expand our knowledge about 

how future events may differ from past events. However, research into the differences between past 

and future thinking is a relatively young direction, and undoubtedly future research will continue to 

provide insights into these fascinating capacities.  
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Appendices 
 
 
 
Appendix A: Session 1 Instructions and materials for Studies 1 and 2 
 
 
We would like you to come up with 100 events that you have experienced within the past 10 years. 
 
We have an extensive list of cues to help you come up with these events. 
 
 

- The events DO NOT have to be important, significant events; they can be minor (e.g., a 
memorable phone call home, lunch with a friend), as long as it is one particular episode that 
you are specifically remembering.  

 
- In other words, each event should be something that happened on a particular day in a 

particular place.  
 

- They can even be things that happened to you yesterday. They can be events that are only 
minutes-hours long or lasted all day, but they shouldn't last longer than one day. 
 

- AVOID events that blend into other similar events (e.g., general scenario of calling home but 
not a particular conversation - so no routine activities) 
 

- Be specific: if you recall something which happened over an extended period (e.g., a 3 week 
vacation in France), you should report one or more of the mini specific events -- each event 
being from a particular day on that vacation (e.g., visiting the Eiffel tower) 
 

- Try and think of events that involve unique people and places - AVOID duplicating these 
details across events.  
 

- Events must be ones that you personally experienced - DO NOT give events that you only 
heard about but weren't actually there. 
 

- For each detail, make sure that the name or description you give is non-ambiguous and clear 
enough for you to know in the second session what you meant. 
 

- A guideline is to try for each detail to see if you would be able to generate an instant image 
based on that detail alone (i.e. not in the context of the memory or the other details). 

 
 
 
 

ARE YOU READY TO BEGIN? 
Please let the experimenter know if you have any questions. 
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List of cues provided to participants in order to facilitate retrieval of episodic events 
 
 

• Birthday party 
• Family celebration 
• Attending a funeral 
• Attending a wedding 
• Baby shower 
• A good or bad babysitting experience 
• A heated argument 
• Particularly bad weather 
• Experiencing an earthquake 
• Going to a concert 
• Going to a play/opera/ballet 
• Visiting a museum 
• Visiting a gallery 
• Visiting the zoo 
• Visiting an aquarium 
• Going to a party 
• Giving/receiving a gift 
• Going to a good/bad restaurant 
• Flying in a plane 
• Buying something large 
• Buying a car 
• Getting into or seeing a car accident 
• A bad experience at the dentist 
• Losing/winning money at a casino 
• Going on a date 
• Having a first kiss 
• A good or bad Valentine’s Day 
• A good or bad New Year’s Eve 
• A school reunion 
• Moving to a new house 
• Taking a trip overseas 
• Packing for a trip overseas 
• Staying in a hostel/hotel 
• Goodbye party 
• Getting a pet 
• Losing a pet 
• Meeting a new friend 
• Meeting a celebrity 
• Giving a presentation 
• Performing in a play or concert 
• Taking an exam 
• Losing your wallet 
• Finding something valuable 
• Doing something embarrassing 
• Being late for something 
• Hurting someone’s feelings 

 

 
• Telling a lie 
• You or someone you know being ill 
• Getting food poisoning 
• Having an operation 
• Getting a good or bad haircut 
• Participating in a sport 
• Winning an award 
• Bungee jumping 
• Surfing 
• White water rafting 
• Going up the Sky Tower 
• Trying something for the first time 
• Tramping/camping 
• Staying at a beach 
• Going on a ferry trip 
• Watching a sports game 
• Going to the beach 
• Whale watching 
• Job interview 
• First day on a job 
• A bad day at work 
• Leaving a job 
• First day of high school 
• Going to a high school dance 
• Winning a prize  
• High school graduation 
• School trip 
• Visiting universities 
• Acceptance to university 
• First day of university 
• Moving into residence 
• Moving into a flat 
• Meeting room/flatmates 
• A conflict with flatmates 
• Painting a room/house 
• Buying textbooks 
• Inappropriate cell phone ring times 
• Walking into the wrong classroom 
• Forgetting/confusing someone’s name in 

conversation 
• Cheating on a test 
• Receiving a care package 
• Participating in an experiment 
• Voting for the first time 
• Tutoring 
• Volunteering 
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Appendix B1: Session 2 Instructions and Materials for Study 1 
 
 
In this study we are interested in how we imagine events in our future. 
  
Today, you will be doing a couple of tasks. 
 
One of them will be to imagine a future event which might occur sometime in the next 5 years. 
You will see the people, places, and objects that you provided for us in your own memories last time. 
These details have been randomly rearranged – the three details shown will come from three 
different memories. You need to imagine a future event involving the details you see on the screen. 
This future event should be novel (so it hasn’t actually happened before).  
 

• When creating your imagined event, try to have the specified person and object physically 
present in the same location. For example, you want to imagine drinking a martini with John 
on the beach in Los Angeles, rather than have a drink on the beach in Los Angeles and then 
driving off to San Francisco to meet with John.  
 

• Also, the events you imagine need to be specific in time and place, and do not last longer 
than one day. So if you’re thinking of a vacation, focus in on one mini-event that might 
happen in that vacation (e.g., the day I visit the Eiffel tower; instead of the general picture of 
“being in France for three weeks”). Also, you should avoid imagining future routine 
activities. For example, instead of imagining commuting to work each day to your new future 
job, imagine a specific event, like being stuck in a traffic jam on the way to an important 
meeting or having your job interview.  

 
• It doesn’t matter how important or how trivial the event is, as long as it is an event which is 

specific in time and place.  
 

• Also, try and imagine these events through your own eyes, as you would experience it, so as 
if you were there with everything unfolding around you, rather than from an external vantage 
point where you see yourself in the event. 

 
As soon as you have thought of a future event that involves the person, place and object shown, push 
the SPACEBAR button. So you have this person, place and object and you are trying to figure out a 
way that you put these details together as a future event, and then finally you know how they can go 
together. At this point where you think, “aha! I’ve got something”, even if the event isn’t fully fleshed 
out in your mind, you should push any button. Note that pushing the button will NOT change what 
you see on the screen, but the button press will be recorded, and we need this information to analyse 
your data, so still do it.  
 
And even though nothing changes on the screen, you should then go ahead and flesh out the details of 
the events in your mind until the next screen comes on. Try and come up with as much detail as you 
can about the event. It is quite a fast task, as you only have 8 seconds in total to do the whole task. So 
if it takes you for example 4 seconds to come up with something, you have another 4 seconds to flesh 
it out. It’s not that much time, so just try your best to come up with as much detail as you can.  
 
The next screen will ask you how much detail you imagined. You will be asked to rate the detail 
from 0 (if you didn’t come up with an event or any detail) up to 3 (for highly detailed events). The 
buttons you press will line up with the numbers on the screen (so the left-most button is 0, the right-
most button is 3). Again, pushing the button will not change the screen.  
 
The next screen will ask you how plausible the event was. The rating is also on a scale from 0 – 3, 
with 0 being highly implausible and 3 being very plausible.  
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You will notice that these recombinations of details will be shown multiple times during the session. 
If you see one that you have already seen before, imagine the future event again. So, you will see 
the same combination of the person, location, and object that you saw last time, and you just need to 
imagine the future event again in as much detail as possible. Also like before, you will be asked to 
rate the amount of detail you imagined after each trial. It is important that you try to re-imagine the 
event, rather than diligently remembering what you came up with before. What I mean by this is: just 
use the instant image that comes up when you see the detail set again (note that the repetitions will 
never be very far apart), and try not to spend too much time actively remembering what you did – 
we’d like to (re-)imagine the event, not remember it.  
 
Note: You will only be asked for a plausibility rating on the first presentation of a scenario. 
 
There will also be a REMEMBER task, in which the person, place and object cues will be based on 
your memories from the previous session. These will also be repeated throughout the experiment. For 
these trials, you should also press SPACEBAR when the memory comes to mind. You will also need 
to provide a detail rating and a plausibility rating for the first presentation of those detail events. 
When we ask you to rate the plausibility of a past event, we would like to know how plausible you 
would have estimated the event before it had happened.  
 
 
After the session, we will be asking you about what you came up with for each of the future and past 
events. We will show you each combination of person, place and object that you saw during the 
session and ask you to tell us a little bit about what you imagined or remembered.  
 
 
Sometimes you will see a fixation cross on the screen for a random amount of time. When you see 
this cross, try to clear your mind and think of nothing. But don’t close your eyes because the next trial 
will start soon.   
 
These tasks that I just described will be presented randomly on the computer screen, so be prepared to 
switch between them. Again, the three tasks are to 1) imagine a future event using the details 
provided, and 2) remember a past event using the details provided and 3) fixation cross 
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IMAGINING FUTURE EVENTS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

• IMAGINE FUTURE event in the NEXT 5 
yrs that hasn’t actually happened yet 

• This event needs to include the person, 
location and object specified 

• PRESS BUTTON once you have an event that 
combines the person, place and object 

• If you have any time left, imagine as much 
detail as you can about the event until next 
screen appears 

• RATE how DETAILED your imagining 
was:  

 
• 0 = vague with no/few details 
• 3 = vivid and highly detailed 

• RATE how PLAUSIBLE your imagining 
was:  

 
• 0 = highly implausible 
• 3 = highly plausible 

Example: 
I imagine that 2 weeks from now I am at Piha Beach and I run into Sarah from work – she is 
wearing bright pink socks! 

 
rate DETAIL 

 
 

low   0   1  2  3  high 
 

 
rate PLAUSIBILITY 

 
 

low   0   1  2  3  high 
 

 
IMAGINE FUTURE  

 
Sarah from work 

 
Piha Beach 

 
Pink Socks 
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RE-IMAGINING FUTURE EVENTS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

  

 
IMAGINE FUTURE  

 
Sarah from work 

 
Piha Beach 

 
Pink Socks 

 

 
rate DETAIL 

 
 

low   0   1  2  3  high 
 

• RATE how DETAILED your imagining 
was:  

 
• 0 = vague with no/few details 
• 3 = vivid and highly detailed 

 
• RE-IMAGINE FUTURE event from 

before that could happen in the NEXT 5 
years but hasn’t yet  

• This event needs to include the person, 
location and object specified 

• This event should be re-imagined 

Example: 
I imagine that 2 weeks from now I am at Piha Beach and I run into Sarah from work – she is wearing 
bright pink socks! 
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RECALLING PAST EVENTS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

• RECALL PAST event  
• PRESS BUTTON once you have the event in 

mind 
• If you have any time left, recall as many 

details as you can about the event until next 
screen appears 

• RATE how DETAILED your remembered 
event was:  

 
• 0 = vague with no/few details 
• 3 = vivid and highly detailed 

• RATE how PLAUSIBLE your remembered 
event was: 

 
• 0 = highly implausible 
• 3 = highly plausible 

Example: 
I remember going to Disneyland in Paris with my grandmother, and when we went to see the 
Parade. There were beautiful Little Mermaid costumes. 

 
rate DETAIL 

 
 

low   0   1  2  3  high 
 

 
rate PLAUSIBILITY 

 
 

low   0   1  2  3  high 
 

 
RECALL PAST 

 
Grandmother 

 
Disneyland Paris 

 
Little Mermaid Costumes 
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RE-RECALLING PAST EVENTS  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Do you have any questions before we begin? 
 
 
 

  

• RECALL PAST event  
• PRESS BUTTON once you have the event in 

mind 
• If you have any time left, recall as many 

details as you can about the event until next 
screen appears 

• RATE how DETAILED your remembered 
event was:  

 
• 0 = vague with no/few details 
• 3 = vivid and highly detailed 

Example: 
I remember going to Disneyland in Paris with my grandmother, and when we went to see the 
Parade there were beautiful Little Mermaid costumes. 

 
rate DETAIL 

 
 

low   0   1  2  3  high 
 

 
RECALL PAST 

 
Grandmother 

 
Disneyland Paris 

 
Little Mermaid Costumes 
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Appendix B2: Session 3 Materials for Study 1 
 
 
Post-scan interview 
 

1. Time 
How far in the future did the event occur? 
 
It was [… years] later.                                                              
                                                                                                                        

2. Personal significance 
How significant/view on life-changing was this event? 
 
          0                      1         2      3 
 
Not significant, made  Slightly   Pretty          Great personal meaning, 
no difference to me, my life       changing my life and/or 
and/or how I view myself      how I view myself 
 

3. Emotion 
How emotional was this event? 
 
          0                      1         2      3 
 
No emotion   Slightly   Pretty             Very emotional 
 

4. Similar to personal memories 
How similar is this imagining to previous events that have occurred? 
Have you experienced this event before? 
 
          0                      1         2      3 
 
Not similar at all, never  Slightly   Pretty  Very similar, this exact  
had this happen before       event has actually occurred 
 

5. Similar repetitions 
How similar were the repetitions of this imagining? 
 
          0                      1         2      3 
 
Not similar at all, I came Slightly   Pretty  Very similar, I imagined  
up with totally different events      the same event three times 
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Appendix C1: Session 2 Instructions and Materials for Study 2 
   
 
In this study we are interested in how we imagine events in our future. 
  
Today, you will be doing a couple of tasks. 
 
One of them will be to imagine a future event which might occur sometime in the next 5 years. 
You will see the people, places, and objects that you provided for us in your own memories last time. 
These details have been randomly rearranged – the three details shown will come from three 
different memories. You need to imagine a future event involving the details you see on the screen. 
This future event should be novel (so it hasn’t actually happened before).  
 

• When creating your imagined event, try to have the specified person and object physically 
present in the same location. For example, you want to imagine drinking a martini with John 
on the beach in Los Angeles, rather than have a drink on the beach in Los Angeles and then 
driving off to San Francisco to meet with John.  
 

• Also, the events you imagine need to be specific in time and place, and do not last longer 
than one day. So if you’re thinking of a vacation, focus in on one mini-event that might 
happen in that vacation (e.g., the day I visit the Eiffel tower; instead of the general picture of 
“being in France for three weeks”). Also, you should avoid imagining future routine 
activities. For example, instead of imagining commuting to work each day to your new future 
job, imagine a specific event, like being stuck in a traffic jam on the way to an important 
meeting or having your job interview.   

 
• It doesn’t matter how important or how trivial the event is, as long as it is an event which is 

specific in time and place.  
 

• Also, try and imagine these events through your own eyes, as you would experience it, so as 
if you were there with everything unfolding around you, rather than from an external vantage 
point where you see yourself in the event. 

 
As soon as you have thought of a future event that involves the person, place and object shown, push 
ANY button. So you have this person, place and object and you are trying to figure out a way that 
you put these details together as a future event, and then finally you know how they can go together. 
At this point where you think, “aha! I’ve got something”, even if the event isn’t fully fleshed out in 
your mind, you should push any button. Note that pushing the button will NOT change what you 
see on the screen, but the button press will be recorded, and we need this information to analyse your 
data, so still do it.  
 
And even though nothing changes on the screen, you should then go ahead and flesh out the details of 
the events in your mind until the next screen comes on. Try and come up with as much detail as you 
can about the event. It is quite a fast task, as you only have 8 seconds in total to do the whole task. So 
if it takes you for example 4 seconds to come up with something, you have another 4 seconds to flesh 
it out. It’s not that much time, so just try your best to come up with as much detail as you can.  
 
The next screen will ask you how much detail you imagined. You will be asked to rate the detail 
from 0 (if you didn’t come up with an event or any detail) up to 3 (for highly detailed events). The 
buttons you press will line up with the numbers on the screen (so the left-most button is 0, the right-
most button is 3). Again, pushing the button will not change the screen.  
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You will notice that these recombinations of details will be shown multiple times during the session. 
If you see one that you have already seen before, imagine the future event again. So, you will see 
the same combination of the person, location, and object that you saw last time, and you just need to 
imagine the future event again in as much detail as possible. Also like before, you will be asked to 
rate the amount of detail you imagined after each trial. It is important that you try to re-imagine the 
event, rather than diligently remembering what you came up with before. What I mean by this is: just 
use the instant image that comes up when you see the detail set again (note that the repetitions will 
never be very far apart), and try not to spend too much time actively remembering what you did – 
we’d like to (re-)imagine the event, not remember it.  
 
There will also be a sentence task. For this one, you will see 3 objects and you need to fit them into a 
sentence. The sentence will always take the form, “X is bigger than Y is bigger than Z” – say this 
sentence silently in your head, fitting the three objects in the place of X, Y, and Z. So if you saw the 
three objects DOG, HOUSE, SHOE, you would say “HOUSE is bigger than DOG is bigger than 
SHOE”. Push a button as soon as you’ve said this sentence in your head. (Again, this will not change 
the screen, but still do it.) You will then be asked to do a rating, only this time you need to rate how 
difficult it was to make the sentence (0 if there was no difficulty; up to 3 if it was extremely difficult).  
 
Sometimes you will see a fixation cross on the screen for a random amount of time. When you see 
this cross, try to clear your mind and think of nothing. But don’t close your eyes because the next trial 
will start soon.   
 
These tasks that I just described will be presented randomly on the computer screen, so be prepared to 
switch between them. Again, the three tasks are to 1) imagine a future event using the details 
provided, and 2) construct the sentence using the nouns provided; and 3) fixation cross 
 
After the session, we will be asking you about what you came up with for each of the future events. 
We will show you each combination of person, place and object that you saw during the session and 
ask you to tell us a little bit about what you imagined. 
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IMAGINING FUTURE EVENTS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Example: 
 
I imagine that 5 years from now I am at Piha Beach and I run into Sarah from work – she is wearing 
bright pink socks! 
  

• IMAGINE FUTURE event in the NEXT 5 yrs that 
hasn’t actually happened yet 

• This event needs to include the person, location and 
object specified 

• PRESS BUTTON once you have an event that 
combines the person, place and object 

• If you have any time left, imagine as much detail as 
you can about the event until next screen appears 

• RATE how DETAILED your imagining was:  
 
• 0 = vague with no/few details 
• 3 = vivid and highly detailed 

 
IMAGINE FUTURE EVENT that involves: 

 
Sarah from work 

 
Piha Beach 

 
Pink Socks 

 

 
rate DETAIL 

 
 

low   0   1  2  3  high 
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RE-IMAGINING FUTURE EVENTS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Example: 
 
I imagine that 5 years from now I am at Piha Beach and I run into Sarah from work – she is wearing 
bright pink socks! 
 
 
 
   

 
• RE-IMAGINE FUTURE event from 

before that could happen in the NEXT 5 
yrs but hasn’t yet  

• This event needs to include the person, 
location and object specified 

• This event should be re-imagined 

• RATE how DETAILED your imagining was:  
 
• 0 = vague with no/few details 
• 3 = vivid and highly detailed 

 
IMAGINE FUTURE EVENT that involves: 

 
Sarah from work 

 
Piha Beach 

 
Pink Socks 

 

 
rate DETAIL 

 
 

low   0 1 2 3   high 
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SENTENCE TASK 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Example: 
 
Sentence: TREE is bigger than BULB is bigger than NEEDLE 
 
 
 
 
 
 
 
FIXATION CROSS 
 
 
 
 
 
 
  
 
 
 
 
 

Do you have any questions before we begin? 
 
 
 
 
 
 
 
 

• REST – relax; focus on the crosshair  

 
rate DIFFICULTY 

 
 

low 0 1 2 3 high 
 

 
• CREATE SENTENCE that takes the 

form: “XXX is bigger than YYY is bigger 
than ZZZ”. 

 
• i.e., order the objects by physical SIZE 

and silently create a sentence 
 

 
• RATE how DIFFICULT it was to come 

up with a sentence and define each of the 
words: 

 
• 0 = easy 
• 3 = hard 

 
 

+ 
 

 
CREATE SENTENCE, that involves: 

 
BULB 

 
NEEDLE 

 
TREE 
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Appendix C2: Session 3 Materials for Study 2 
 
Post-scan interview 
 

1. Time 
How far in the future did the event occur? 
 
It was [… years] later.                                                                      
                                                                                                                        

2. Personal significance 
How much did this future event change your view on life? 
 
          0                      1         2      3 
 
Not significant, made  Slightly   Pretty          Great personal meaning, 
no difference to me, my life       changing my life and/or 
and/or how I view myself      how I view myself 
 

3. Similar to previous thoughts 
How similar is this imagining to previous thoughts you had? 
Have you imagined this event before? 
 
          0                      1         2      3 
 
Not similar at all, never  Slightly   Pretty          Very similar, I’ve imagined  
imagined this before          this exact scenario 
 

4. Similar to personal memories 
How similar is this imagining to previous events that have occurred? 
Have you experienced this event before? 
 
          0                      1         2      3 
 
Not similar at all, never  Slightly   Pretty  Very similar, this exact  
had this happen before       event has actually occurred 
 

5. Similar repetitions 
How similar were the repetitions of this imagining? 
 
          0                      1         2      3 
 
Not similar at all, I came Slightly   Pretty  Very similar, I imagined  
up with totally different events      the same event three times 
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Appendix D1: Session 1 Instructions for Study 3 
 
 
Today we would like you to come up with 96 Persons/Location/Objects that you have encountered 
within the past 5 years. These memory details should come from three different social spheres that 
you might have, e.g., university, sports/hobbies and family. Thus, you will recall 32 
Persons/Locations/Objects from each social sphere. 
 
 
Social spheres 
 
Social spheres are like groups of people that know each other. Examples of such social spheres may 
be your university friends, your work colleagues, your family, and your sport or hobby friends.  
 
The idea is that these are groups of people who know each other, through a certain environment such 
as the university, your family, or a sports club. There are connections between the people, but not 
everyone needs to know everyone else.  
 
[Point this out with figure 1] 
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Note that for example the University social sphere, the persons don’t need to be university students to 
occur in that sphere, nor do people have to be family to occur in the Family social sphere, as long as 
you know them through that sphere (and the majority of the people of that social sphere know 
them). E.g., friends of your parents are good examples for people in the Family sphere as well, as are 
people you’ve met at parties with university students while they aren’t students themselves.  
 
A way of testing whether people would occur in a certain social sphere is imagining a big party 
would be given at the university, or in your family. Who would be invited for that party?  
 
If persons feature in other social spheres too, that’s okay, just make sure to indicate this in the sheet. 
We’ll come back to this. 
 
[Let the participant pick three social spheres.] 
 
 
Details 
 
Try and think of events that involve unique people, places and objects - AVOID duplicating these 
details across spheres, use every detail only ONCE in the experiment.   
 
For each detail, make sure that the name or description you give is non-ambiguous and clear enough 
for you to know in the second session what you meant. A guideline is to try for each detail to see if 
you would be able to generate an instant image based on that detail alone (i.e. not in the context of the 
memory or the other details!) Would you be able to describe the object if you got the description on 
its own (without the context of the sphere)? Do not overdo the description though – a couple of words 
should be enough. 
 
Try and make each detail as specific to the social sphere as possible; you could think for example 
about objects that people from a social sphere own, or objects that you could find in the locations of 
the social sphere. As for the location, note that not all locations have to be in one certain place, i.e., 
not all locations have to be on (one) university campus for the University social sphere, but rather 
pick locations that most people of that social sphere know or have been to.  
 
Person 
[Ask participant if they would like to use Facebook to help with this session]  

• You can’t use yourself as a Person, and please don’t use anyone who has deceased as a 
Person (as this may be too emotional). Pets can be an Object, but not a Person.  

• You can just write down Mum and Dad – these are your personal memories which we will 
only use in your experiment. Just make sure you always know who you mean (i.e., if you 
have more than one brother, ‘brother’ will not suffice).  

• If you know more than one person for a certain name, give a short description between 
brackets, e.g., “David (neighbour)” and “David (friend)”, to remind yourself of which person 
you were thinking. 

 
Location 

• Try to make a Location as unambiguous as possible, so try to be more specific than just a 
name of a city or town. Also, ‘lecture theatre’ for example might be specified further (as you 
might have been to more than one lecture theatre). 

 
Object 

• The Object should be a concrete, tangible object (examples: clothes, food, etc.). For this 
reason, 'feelings', 'waves' or 'music' etc. don't qualify. Also, try to avoid objects that could also 
be locations, like cars, ferries and balconies etc.  
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Remember that we will be using these details in the second session of the experiment, so just write 
down those things you are comfortable talking about and don’t mind seeing again.  
 
Ratings 
 
Feature indication 
For each Person detail, we’d like to know whether this person also knows people in other social 
spheres. Your partner for example may also be involved in your work or hobbies. Please answer the 
question ‘Features in other social spheres?’ with yes or no, and in the case of yes, indicate which 
social sphere(s) this person could additionally occur in.  
 
Familiarity rating 
For every detail, we have a familiarity rating, i.e. a rating how familiar you are with that 
person/location/object. If you only once have met that person, been in that location or encountered 
that object, rate “0”. If you are very familiar with that person/location/object, rate “3”. Examples of 
very familiar persons/locations/objects are: your parents, your partner or best friend, your bedroom or 
house, cell phones or computers. 
 
Frequency of encounter rating 
For every detail, we have a frequency rating, i.e. a rating how frequently you’ve encountered that 
person/location/object in the past year. “0” means once or twice a year (“yearly”), “1” is once or 
twice a month (“monthly”), “2” is once or twice a week (“weekly”) and “3” is about once a day 
(“daily”). 
 
Note that for frequency of encounter 'encounters' through Skype and personal e-mails also count, as 
well as very intensive Facebook contact (including exchanging photos and updates), if you still feel 
very connected to them.  
 
Lastly, note that the rows are not connected; i.e. the Person doesn’t have to match up with the 
Location or Object in that same row! 
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Appendix D2: Session 2 Instructions and Materials for Study 3 
 
 
In this study we are interested in how we imagine events in our future. 
  
The task of this experiment will be to imagine a future event which might occur sometime in the 
next 5 years. You will see the people, places, and objects that you provided for us from your own 
memory last time. [Point to image of screen, see below] You need to imagine a future event 
involving the details you see on the screen. This future event should be novel (so it hasn’t actually 
happened before), even if the details have occurred together before. This screen will be up for 8 
seconds. 
 

• When creating your imagined event, try to have the specified person and object physically 
present in the same location. For example, you want to imagine seeing Sarah on the beach, 
rather than seeing Sarah at work, and then driving off to the beach alone.  
 

• Also, the events you imagine need to be specific in time and place, and do not last longer 
than one day. Make sure it is a ‘one off’ event, not an event that could happen say every 
Wednesday from now.  

 
• It doesn’t matter how important or how trivial the event is, as long as it is an event which is 

specific in time and place.  
 

• Also, try and imagine these events through your own eyes, as you would experience it, so as 
if you were there with everything unfolding around you, rather than from an external/observer 
vantage point where you see yourself in the event. 

 
As soon as you have thought of a future event that involves the person, place and object shown, push 
ANY button. So you have this person, place and object and you are trying to figure out a way that 
you put these details together as a future event, and then finally you know how they can go together. 
At this point where you think, “aha! I’ve got something”, even if the event isn’t fully fleshed out in 
your mind, but you’ve got the ‘skeleton’ of the event in mind, you should push any button. Note that 
pushing the button will NOT change what you see on the screen, but the button press will be 
recorded, and we need this information to analyse your data, so it is really important that you do it.  
 
And even though nothing changes on the screen, you should then go ahead and flesh out the details of 
the events in your mind until the next screen comes on. Try and come up with as much detail as you 
can about the event. It is quite a fast task, as you only have 8 seconds in total to do the whole task. So 
if it takes you for example 5 seconds to come up with something, you have another 3 seconds to flesh 
it out. It’s not that much time, so just try your best to come up with as much detail as you can.  
 
Next, there will be three ratings about the event you have imagined. These ratings will appear one at 
the time, each for 3 seconds, in a randomised order. You will rate for the detail generated in the event, 
the plausibility of the event, and the coherency of the event. Again, pushing the button for the ratings 
will not change the screen. It may be a good idea to keep your fingers on the rating buttons throughout 
the experiment as it will be fairly fast task.  
 

• Detail: this rating will ask you how much detail you imagined. You will be asked to rate the 
detail from 0 (if you didn’t come up with an event or any detail) up to 3 (for highly detailed 
events). The buttons you press will line up with the numbers on the screen (so the left-most 
button is 0, the right-most button is 3).  

 
Example: If you can only visualise Sarah, the beach and pink socks, but no further details, this 
could be a “0”. If you however have also imagined for example the smell of the beach, the 
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strong wind, Sarah’s shoes, what you’re talking about with Sarah or how you feel, then that 
would be a “3”. 

 
• Plausibility: this rating will ask you how plausible the event was that you imagined. You 

will be asked to rate plausibility from 0 (if the event was implausible) up to 3 (if the event 
was plausible).  

 
Example: If you’ve never seen Sarah outside work, and she is not the type to wear pink socks, 
this event may be rated as a “0”. If however you can imagine Sarah going to the beach, and 
perhaps wear the pink socks (or maybe they’re lying in the sand), this event would be rated as 
“3”. 

 
• Coherency: this rating will ask you how coherent the imagined event was. You will be asked 

to rate coherency from 0 (when the imagined event was fragmented, the details did not really 
come together) up to 3 (if the event contained details that were integrated).  

 
Example: If you can only come up with visualizations of Sarah, the beach and the pink socks, 
but there is no clear connection between the three, and the event doesn’t ‘flow’ (i.e., it is a 
fragmented event), this event would be rated as a “0”. If however it is one fluent imagining, 
with all details connected in some way, the event would be rated as “3”.  

 
 
Do you have any questions at this point? We’ve got a practice session, which we will do now and 
which will help you get an idea of the experiment. Afterwards there will be another possibility to ask 
any questions that may arise. (There’ll be five runs, of about 10 minutes.) 
 
After the session, we will be asking you a bit about what you came up with for the future events. We 
will show you each combination of person, place and object that you saw during the session and ask 
you to tell us a little bit about what you imagined (because we don’t know that).  
 
 
[Experimenter:  
 
After the practice session, go through each practice trial with the participant: 

- Ask the participant: What did you do when you saw [CONTROL nouns] 
o Make sure they created a sentence and did not just imagine the objects 
o Remind them that they should order the objects by size AND create a sentence 

- Ask the participant: What did you come up with for [FUTURE details] 
o Check that the future event was specific 
o Ask them whether the event was placed somewhere in the future (not past). If it is 

hard for them to do, suggest they think about upcoming plans like holidays or events 
o Ask them whether they were present in the future event; if not, suggest they imagine 

themselves interacting with the persons, locations or objects in the simulation. Also, 
check that they have imagined the events through their own eyes, rather than from an 
observer’s vantage point 

o If they say it was weird or difficult: “If the imagined future event is weird, try and 
come up with something anyway: maybe it will be a reunion that brings the people in 
your imagining together, maybe someone from overseas is going to visit, or maybe 
you are going to visit them. Note though that it is not necessary that come up for a 
reason for your imagined event, it is okay if the event is not very plausible.” 

- Ask the participants if they have any last questions] 
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IMAGINING FUTURE EVENTS 
 
 
 
 
 
 
 
 
 
 
 
Example: 
 
I imagine that 2 weeks from now I am at Piha Beach and I run into Sarah from work – she is wearing 
bright pink socks! 
 
 
  

• RATE how COHERENT your imagining was:  
 
• 0 = not coherent, fragmented 
• 3 = coherent, integrated 

• RATE how PLAUSIBLE your imagining was:  
 
• 0 = implausible 
• 3 = plausible 

• IMAGINE FUTURE event in the NEXT 
5 yrs that hasn’t actually happened yet 

• This event needs to include the person, 
location and object specified 

• PRESS BUTTON once you have an event 
that combines the person, place and object 

• If you have any time left, imagine as much 
detail as you can about the event until next 
screen appears 

• RATE how DETAILED your imagining was:  
 
• 0 = vague with no/few details 
• 3 = vivid and highly detailed 

 
rate DETAIL 

 
 

low   0   1  2  3  high 
 

 
rate PLAUSIBILITY 

 
 

low   0   1  2  3  high 
 

 
rate COHERENCY 

 
 

low   0   1  2  3  high 
 

These screens will come up together in sets; i.e. the Imagine Future Event screen, and three ratings  
will always occur in ‘blocks’ 

 
IMAGINE FUTURE EVENT that involves: 

 
Sarah from work 

 
Piha Beach 

 
Pink Socks 

 

Do you have any questions before we begin? 
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Appendix D3: Session 3 Materials for Study 3  
 
DETAILS 
 

Likelihood of occurrence 
How likely is it that these three details would occur together, regardless of what you imagined? 
 
          0                      1         2      3 

 
Not likely                                                                     Likely 

 
 
IMAGINED EVENT 
 

Time 
How far in the future did the event occur? 
                                                                                               (Please also rate ‘0’ if it felt                                                                 
It was [within 1 year - 5 years] later.                                                         more like a memory)                                  

Emotion 
How emotional was this event? 
 
          0                      1         2          3 

 
Not emotional                                                               Emotional 

Similar to previous thoughts 
How similar is this imagining to previous thoughts you had? 
Have you imagined this event before? 
 
          0                        1            2             3 
 
Not similar at all, never       Slightly, I imagined        Pretty, I imagined         Very similar, I’ve  
imagined this before         one of the details          two of the details          imagined this exact  
                                         in a similar situation      in a similar situation      scenario 

Similar to personal memories 
How similar is this imagining to previous events that have occurred? 
Have you experienced this event before? 
 
          0                      1         2         3 
 
Not similar at all, never       Slightly, one of        Pretty, two of              Very similar, this exact  
had this happen before     the details occurred       the details occurred        event has actually  
                                        in a similar situation      in a similar situation      occurred 

Difficulty  
How difficult was it to combine the three details? 
 
          0                      1         2      3 

 
Not difficult                                                                    Difficult 
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