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Abstract
Prospection (mental representation of the future) is an aspect of imagination that has recently become a focus of attention for researchers on memory.  Evidence from a variety of sources points to episodic memory and future-thinking as being very closely linked and both are connected to well-being and mental health.  This paper provides an overview of some key findings linking episodic memory, future-thinking and well-being.  Similarities and differences between episodic memories for the past and thoughts about the future are reviewed. It is suggested that the uncertainty inherent in future thinking implies a greater role for semantic memory in how people think about the future compared to how they remember the past.  Understanding how semantic and episodic knowledge combine to create representations about the future has the potential to help elucidate ways in which people experiencing psychological distress think about the future. 







Research in memory has a long history.  By comparison, how people think about the future has attracted relatively little attention, although the mental representations that people hold about the future are increasingly being recognised as playing an important role in behaviour and emotional well-being.   Two key questions are: to what extent are representations about future events dependent on memory and, if memories are influential, what are the processes by which they exert their influence?   These questions have prompted a growing literature, both on basic process and mechanisms and on their application to emotional disorders and well-being.  The aim of the current paper is to provide a brief overview of this literature. First, research linking different aspects of future-directed thinking to various aspects of well-being will be discussed, with a focus on how these processes are involved in people suffering from psychological distress.  An overview of similarities and differences between past and future-thinking will be followed by a discussion of the involvement of episodic and semantic memory in future-thinking and their relationship to psychological disturbance.
 Number of past and future events
Thoughts about the future are strongly implicated in mental health and well-being.  Perhaps the most striking, and serious, example of this connection is the way that hopelessness about the future is the active ingredient in depression that links to suicidality  The correlation between depression and suicidal intent largely disappears if self-reported hopelessness is partialled out (Salter and Platt, 1990) and hopelessness predicts repetition of deliberate self-harm six months later (Petrie et al., 1988) as well as completed suicides up to ten years later (Beck et al., 1990).  The measurement of hopelessness has relied predominantly on simple self-report, and in an attempt to understand more about the elements of hopelessness, MacLeod, Rose and Williams (1993) developed two ways of looking at future-thinking.  The second of these tasks was an extension of the autobiographical memory test used by Williams and Broadbent (1986) and is discussed in the next section.  The first task borrowed its methodology from measurement of verbal fluency and asked participants to generate things they were looking forward to or not looking forward to for various time frames in the future (the next week, the next year, the next 5-10 years).  In this task, each condition (e.g. number of things looked forward to in the next week) is time-limited, typically one minute in each case, and the main measure is how many events participants are able to think of for each condition in the available time.
Findings in relation to sucidality on the Future-thinking Task have been very clear, with those who are suicidal showing reduced ability to think of future positive events alongside levels of negative future events that are comparable to controls (e.g. Hunter and O’Connor, 2003; MacLeod et al., 1993).  People who have recently taken an overdose are less able than matched controls to think of things that they would enjoy or were looking forward to in the future, but were no different from controls in the number of negative events they were anticipating.  Depressed participants also show reduced positive anticipation, with no increase in negative anticipation (MacLeod et al., 1997) although if they are also anxious they are likely to show both reduced positive anticipation and increased negative anticipation (MacLeod and Byrne, 1996).  In contrast, anxious participants show only an increased number of anticipated negative events; the number of positive events they generate in the future is comparable to controls (MacLeod et al., 1997; MacLeod and Byrne, 1996).   Somewhat surprisingly, any group differences that are found are almost always consistent across the different time periods, from the next day through to the next 5-10 years.  The ability to think of positive future experiences does not appear to be linked to verbal fluency (which it does not correlate with) and participants who show reduced numbers of positive events for themselves do not show difficulty thinking of positive events for others (MacLeod and Conway, 2007). 
The Future-thinking Task, which was designed specifically to examine how people think about the future, has also been adapted to measure how well people are able to think of past positive and negative memories.  The memory version simply asks people to generate events from the past.  Findings show strong parallels between memory and future thinking.  MacLeod et al. (1997) administered the standard future version of the task asking depressed patients, panic disorder patients and controls to think of things they were looking forward to and things they were not looking forward to in different time periods in the future (next week, next year, next 5-10 years) alongside the memory version, asking people to generate as many positive and negative memories as they could for different time periods in the past week, the past year and the past 5-10 years.  As indicated earlier, the anxious and depressed groups showed very distinctive profiles of future-thinking, with increased negative thoughts in anxiety and decreased positive thoughts in depression.  Importantly, these profiles were almost identical for the memory version of the task.  Similar parallel memory and future thinking effects have been found in dysphoric compared to non-dysphoric adolescents (Miles et al., 2004), and Hill and Emery (2013) reported very high correlations between number of past and future events generated in an unselected student sample, an effect that was not explained by variations in general verbal fluency.  Number of positive future-thoughts and memories each correlate significantly with positive affect but not with negative affect whereas the reverse is true for negative memories and future thoughts (MacLeod and Conway, 2007; Miles et al., 2004).  Self-reported experience of positive affect (e.g. interested, energetic) and negative affect (e.g. tense, worried) are typically uncorrelated and are thought to represent distinct affective systems (Watson et al., 1988).
Two conclusions can be drawn from the Future-thinking Task results.  First, there is evidence for two broad groupings, with positive cognitions, depression, sucidality and (low) positive affect clustering together and negative cognitions, anxiety and negative affect forming a second cluster.  Second, future-thinking and memory seem to be very closely enmeshed, with positive memories and future-thoughts linking to the first cluster and negative memories and future thoughts being part of the second.
Specificity of past and future personal events
The Future-thinking Task allows people to define and describe their own events.  Other than excluding repetitions, all the events that people generate are counted.  It measures a range of thoughts about the future, from more script-like elements of future-thinking (e.g, getting married, buying a house) to more specific episodes (going to France at the weekend, meeting up with my friends in New York in July), often connected to how far into the future the responses extend.  A second task developed in the attempt to understand future-thinking in suicidal patients was an extension of the autobiographical memory test, where people are presented with a cue word and asked to use the cue to help them think of a specific episodic memory.  This task is strictly concerned with the ability of people to think about specific episodes, those relating to a discrete event happening in a particular place and time, covering a period of no longer than one day.  Williams and Broadbent (1986) had earlier reported that although their suicidal patients were able to think of memories to cue words, the memories they did produce appeared to be qualitatively different in that they tended to be lacking in specificity (Williams and Broadbent, 1986).  Presented with a cue word like “hurt”, a suicidal participant might say “all the times people have ignored me“ rather than “when Nadia just walked past last Saturday as if I wasn’t there”.  This overgenerality was largely the result of giving responses that described a repeated class of events, as in the example just given, instead of any one specific example.   
Extending this method to asking people to think of future thoughts, the results, again, showed striking similarities to asking people for memories.  Suicidal patients produced more overly general future thoughts in just the same way that they did for memories (Williams et al., 1996).  A lack of specificity of future episodic thinking alongside a lack of specificity for past experiences has now been found in a range of clinical groups, including schizophrenia (D’Argembeau et al., 2008) depression (Belcher and Kangas, 2014), war veterans with post-traumatic stress disorder (Brown et al., 2013) bereaved partners experiencing complicated grief (Robinaugh and McNally, 2013) and autistic spectrum disorder (Lind and Bowler, 2010). Some studies have used just neutral cue words but when positive and negatively valenced cue words are used participants generally show memory and future overgenerality to both, but with a tendency to show stronger effects to positive cues.  Furthermore, in these studies there is typically a very strong correlation between how specific people are for the past and for the future, further reinforcing the link between past- and future-thinking. Interestingly, although this style of greater general responding tends to be associated with psychological problems there is evidence of cultural influence.  Wang, submitted for publication, has shown that compared to Western Europeans, Asians show less specificity for both past and future, which she interprets as resulting from a less individualised cultural context.  It would be interesting to know whether the same relationship between emotional difficulties and overgenerality are shown within an Asian cultural context. 
Coding for specific or general memories produced in response to single cue words has strong overlap with the autobiographical interview (AI; Levine et al., 2002).  In the AI, memories are elicited to cue words, participants are then encourage to elaborate on these memories, providing as much detail as possible, and these details are later coded by independent raters as internal or external.  Internal details are those that relate to the actual episodic experience, where by providing details about time, place, sensations and emotions the person conveys a sense of re-experiencing the event (e.g. “I felt really great that morning at Achmelvich beach. I was standing with my back to the water feeling the wind pushing me”).  External details can be related in a general sort of way to the event but do not convey a sense of re-experiencing any particular episode, for example, they may be general knowledge statements or descriptions of extended or ongoing events, or a commentary (e.g. “we often go to the seaside”).  The autobiographical interview method has also been applied to future-thinking and, again, there are strong parallels with memory.  Addis, Wong, Schacter (2008) replicated Levine et al.’s finding of older adults, compared to younger adults providing less internal and more external detail on memories of past events, and also found parallel effects when episodic future thoughts were elicited.  Furthermore, there was a strong correlation between how internal or external participants were for the past and future.  A similar study conducted with patients suffering from Alzheimer’s disease showed fewer internal details for both past and future conditions in the patient group compared to non Alzheimer-disease controls.  As before, there was a strong correlation between internality on past and future conditions (Addis et al., 2009).  This AI-based method has been used less in clinical groups, in comparison to the extended autobiographical memory test, but Brown et al. (2014) in their sample of combat veterans found that those suffering from post-traumatic stress disorder provided fewer internal and more external details in both memories and future thoughts and, again, the correlation between memory and future scores was very high.  The literature on specificity of retrieval and generation of future episodes has been usefully applied to understanding emotional disorders, but there is a range of other findings on memory and prospection that might in future be usefully applied to understanding more about the sorts of difficulties experienced by clinical groups.
Other past- and future-thinking similarities
When memories and future-thoughts are elicited and subsequently rated by participants on a range of dimensions there is often strong overlap. In one of the early studies to examine both past and future in this way, D’Argembeau and Van der Linden (2004) elicited near (past year, next year) and distant (last 5-10 years; next 5-10 years) positive and negative events and asked participants to rate them in various ways.  Near events compared to distant events, and positive as opposed to negative events, were rated as having more sensory details and a stronger feeling of being experienced.  Importantly for the discussion here, this was the case for both memories and episodic future thoughts.   When participants are also asked to date the events that they produce, the temporal distribution of past and future thoughts is very similar, with a comparable tapering of numbers of events the further away the time frame is from the present (Spreng and Levine, 2006).  In addition to the age related decline in specificity of responses discussed earlier, at the other end of the developmental spectrum the capacity for retrieving episodic memories and generating future episodic appears to emerge around the same time, at around three and five years of age (Busby and Suddendorf, 2005), as does the later progressive development of self-narrative ability (Bohn and Berntsen, 2013).   Bohn & Berntson (2013) asked children ranging from nine to fifteen years old to write a story about their lives up to that point (important things that happened to them, changes that had taken place, etc.) and also to do the same looking ahead to the rest of their lives.  The older the children were, the more coherent the narratives they produced, and this developmental progression was comparable for past and future accounts.  Beyond an individual level, the link between past and future has also been extended to collective, as well as personal, knowledge (Merck et al, submitted for publication).  Finally, fMRI studies have shown that similar brain structures are activated when people think about past and future (Addis et al., 2007; Schacter et al., 2012).
The similarities between memory and future-thinking have led to the idea that a person’s ability to think about future personal episodes is dependent on their episodic memory.  Early support for this view is to be found in Williams et al. (1996) who manipulated specificity of memory and observed effects on how specific people were in the way they thought about the future.  In an attempt to make sense of the wide ranging findings on overlap between memory and future episodic thinking, Schacter and Addis (2007) proposed the constructive episodic simulation hypothesis.  This hypothesis proposes that the main function of episodic memory is to help people navigate the future successfully through facilitating the construction of internal representations of future states of affairs.  Being able to imagine future events and episodes that have not yet been experienced is crucial to being able to function, for example, forming goals, planning, anticipating obstacles, and so on.  According to the hypothesis, the way that episodic future thoughts are generated is through accessing and recombining elements from episodic memory.  When people have difficulties with retrieving specific episodic details, as is the case with older adults, those suffering from degenerative neurological disorders or those experiencing psychological distress, then their ability to generate episodic future thoughts is also compromised.  This is what would explain the parallel findings for memory and future-thinking that have already been described.  Recognising the shared nature of  the system for past- and future-thinking, Conway, Loveday and  Cole, submitted for publication, proposed the remembering-imagining system, which coordinates and integrates past, current and future thinking based on the person’s goals.
One of the challenges to the hypothesis is that the symmetry between past and future responses on tasks may reflect more general factors, such as ability to describe details per se.  In the case of older adults, and possibly other groups, such a difference might reflect a more general narrative style that pervades any account that they give. Schacter and colleagues have addressed this possibility through experimentally manipulating specificity and observing discrete effects on memory and future-thinking (Schacter, submitted for publication).  Nevertheless, there remain a number of challenges for the constructive episodic simulation hypothesis arising from the fact that although there are similarities between past and future thinking there are also substantial differences between them.
Differences between past and future thinking
Perhaps the clearest, and also least surprising, of these differences is that people think about the future in a more abstract and less detailed way than they do the past.   Word-cuing studies that have measured past and future specificity in the same way within the same study, invariably show episodic memories to be more specific than episodic future events (e.g. Hill and Emery, 2013).  Other measures show similar effects.  Anderson and Dewhurst  (2009) asked participants to complete sentences like “Last year I ...”, and “When I think back to ...” as well as their future-oriented equivalents (“Next year I will...”, ”When I look forward to...“). The memory condition produced 39% of specific responses compared to 23% in the future condition.  Similar lack of specific episodic detail in future compared to past responses has also been found using the extended AI (Addis et al., 2008).  Consistent with independent raters’ judgements, participants rate their own memories as more vivid and containing more sensory detail than their future thoughts, (Berntsen and Bohn, 2010; D’Argembeau et al., 2010).   This difference in vividness and sensory detail is true was even more marked when people were simply asked to think of important things in the past or the future (Berntsen and Bohn, 2010) rather than being cued by single words.  
Despite future episodes being more abstract and vague, people consistently rate them as more positive and more personally important or significant than past episodes (Berntsen and Bohn, 2010).  Bohn and Berntson (2013) found that future events were more script-like in that they contained common themes whereas memories were more idiosyncratic.  Interestingly, de Vito et al. (2015) asked participants to think of desirable and undesirable future episodes separately, and found that desirable events contained more specific information (internal details) but also corresponded more to common themes or life scripts, whereas negative future thoughts were more idiosyncratic and participants were more likely to report them as being linked to a particular negative memory.  These differences reinforce the view proposed earlier of positive and negative future-thinking being distinct.  It was indicated earlier that the temporal pattern of generated past and future events follows a broadly similar pattern, with a tapering of events with increasing distance from the present.  However, within that broad pattern people generally think less far into the future than they think back to the past (Anderson et al., 2012; Berntsen and Bohn, 2010).  Finally, as already indicated, neuroimaging studies have shown common patterns of neural activity when people are asked to think about the future and remember the past but alongside that commonality there is also evidence that future-thinking appears to involve a wider neural network than does recalling memories, probably due to the greater degree of cognitive processing involved in thinking about events that have not yet occurred (Addis et al., 2007).  There is, however, also some evidence of a specific neural substrate to memories.  Areas that are involved in contextual and visual information (e.g. parahippocampal cortex and posterior visual cortex) show greater activation during memory than imagining (Addis et al., 2009; Gilmore et al., 2014).
Non-episodic involvement in future-thinking
The differences between memory and future conditions are not necessarily problematic for the constructive episodic simulation hypothesis, because arguing that episodic memories are used to create episodic future representations recognises that these are not identical phenomena.   Therefore, there are bound to be natural differences between them despite their close connection.  However, there are a number of other sources of evidence that suggest non-episodic information is important in the construction of future personal representations.
Irish et al. (2012) compared semantic dementia patients (where semantic memory is severely impaired but episodic memory is largely spared), alzheimer’s disease patients (severe episodic impairment but largely intact semantic memory) and controls on past and future episodic thinking using the autobiographical interview method already outlined.   The Alzheimer group showed the expected lack of internal details in both memory and future conditions.  The key finding was that the semantic dementia group, despite relatively intact episodic memory, showed equivalent lack of internal details to the Alzheimer group on future episodes.  The findings point to the importance of semantic information in future-thinking, possibly as providing a framework within which stored episodic information can be used to construct representations of the future.  Further evidence of the role of semantic information comes from links between measures of executive processes and specific episodic recall and future-thinking.  Measures of working memory, which can be inferred to be involved in generative search involving semantic memory, correlate with specificity of future episodes but not with memory specificity  (D’Argembeau et al., 2010; Hill and Emery, 2013).  Compared to retrieval, where episodes may come to mind directly with little effort, generating future episodes appears to require more input from executive processes.   Some direct evidence on this question was provided by D’Argembeau and Mathy (2011) who gave participants standard word cues to generate specific memories or future events but asked them to think aloud while doing the tasks.  Responses were then broken down into units and coded as semantic information, general events, or specific thoughts.  For example, in response to being asked to think of a future episode using the cue word “friend” someone might say “Tom is probably my best friend” (semantic), “we are planning to go to Rome together this summer” (general event), “I can imagine driving in from the airport trying to catch sight of the coliseum” (specific).  Often, as in the example just given, people moved from semantic and general event knowledge being more prominent in the early steps, becoming more specific as their thoughts progressed.   Importantly, the memory and future conditions differed, with memory responses being more specific at the earlier steps compared to future thoughts which were more likely to start with semantic or general event knowledge.  Cuing people with words related to their personal goals produced more specific memories and future episodes at an earlier stage but the difference between the memory and future conditions remained.  
Summary and conclusion
Semantic and episodic knowledge systems are both involved in thinking about the past and the future.   But the vagueness about what will happen in the future, compared to the relative certainty of what has happened in the past, means that there is a stronger role for semantic memory in constructing the future. Psychological distress is associated with disturbances in both episodic and more script-like, semantic future-thinking.   Szpunar et al. (2014) have outlined a taxonomy of future-thinking with domains of simulation, prediction, intention (goal setting) and planning, and suggested that many cognitions in these domains will involve hybrid representations of semantic information and episodic details.  Clinical groups or those generally low in well-being are known to have problems in future-thinking, but not necessarily all aspects.  Even suicidal individuals are able to describe personal goals (Danchin et al., 2010; Vincent et al., 2004) but they struggle to generate plans to achieve those goals and cannot see them being achieved, leading to a state that MacLeod and Conway (2007) have called painful engagement where someone remains attached to a future goal that they cannot envisage being realized.  Future-research could usefully understand how semantic and episodic memory combine in creating future representations in these different domains and how they might become disrupted in emotional disorders, such as in states of painful engagement.  
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