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Abstract

The ability to mentally simulate possible futures (“episodic future thinking”) is of fundamental importance for various aspects of human cognition and behavior, yet precisely how humans construct mental representations of future events is still essentially unknown. We suggest that episodic future thoughts consist of transitory patterns of activation over knowledge structures at different levels of specificity, with general knowledge about the personal future (i.e., personal semantic information and anticipated “general events”) providing a context or frame for retrieving, integrating, and interpreting episodic details. In line with this hypothesis, Study 1 showed that the construction of episodic future thoughts is frequently a protracted generative process in which general personal knowledge is accessed before episodic details. We then explored in more detail the nature of this general personal knowledge and tested the hypothesis that it is mainly organized in terms of personal goals. Study 2 showed that cuing participants with knowledge about personal goals increased the ease of future event production during a fluency task. Study 3 further demonstrated that cuing participants with their personal goals facilitated access to episodic details during the imagination of future events. Taken together, these findings indicate that general personal knowledge, and in particular knowledge about personal goals, plays an important role in the construction of episodic future thoughts. 
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Tracking the construction of episodic future thoughts

Although the future remains fundamentally unknowable, humans have acquired the ability to simulate potential future scenarios in their minds (Atance & O'Neill, 2001; Schacter, Addis, & Buckner, 2008; Suddendorf & Corballis, 2007; Szpunar, 2010; Tulving, 2005). If you close your eyes for a moment and think about what you plan to do next weekend, for example, it is likely that colorful images will appear in your mind’s eye within seconds―you might “see” a totally different place than the one you are currently in, you might move around that place, grab objects, interact with people, and even feel emotions (D'Argembeau & Van der Linden, 2004, 2006). This ability to construct mental representations of possible futures (“episodic future thinking”) is of fundamental importance for various aspects of human cognition and behavior: future thoughts provide increased behavioral flexibility and more effective plans to achieve goals (Atance & O'Neill, 2001; Schacter et al., 2008; Suddendorf & Corballis, 2007); they are crucial to sound decision making (Bechara & Damasio, 2005; Boyer, 2008); and they are an integral part of our very sense of self (Conway, 2005; Damasio, 1999; Wheeler, Stuss, & Tulving, 1997).

Evidence from various areas of psychology and neuroscience has recently accumulated to show that episodic future thinking critically depends on episodic memory (for reviews, see e.g. Schacter et al., 2008; Szpunar, 2010). Notably, it has been demonstrated that individuals with episodic memory deficits present with difficulties in imagining specific events that might happen in their personal future (Addis, Sacchetti, Ally, Budson, & Schacter, 2009; Addis, Wong, & Schacter, 2008; D'Argembeau, Raffard, & Van der Linden, 2008; Hassabis, Kumaran, Vann, & Maguire, 2007; Klein, Loftus, & Kihlstrom, 2002; Tulving, 1985; Williams et al., 1996), and that episodic memory and future thinking abilities emerge at the same time in development, between approximately three and five years of age (Atance & Meltzoff, 2005; Russell, Alexis, & Clayton, 2010; Suddendorf & Busby, 2005). Functional neuroimaging studies have further revealed that remembering past events and imagining future events rely largely on a common set of brain regions (Addis, Wong, & Schacter, 2007; Botzung, Denkova, & Manning, 2008; Okuda et al., 2003; Spreng & Grady, 2010; Szpunar, Watson, & McDermott, 2007). Cognitive psychological research has shown that the phenomenological characteristics of memories and future thoughts are affected similarly by a number of experimental manipulations (e.g., manipulations of emotional valence and temporal distance; D'Argembeau & Van der Linden, 2004; Szpunar & McDermott, 2008), that the specificity of future thoughts is influenced by the experimental induction of different memory retrieval styles (Williams et al., 1996), that the voluntary versus involuntary nature of event construction has largely similar effects on past and future representations (Berntsen & Jacobsen, 2008), and that the temporal distribution of future events follows the same power function as the temporal distribution of past events (Spreng & Levine, 2006). It has also been found that individual differences in dimensions that are central to autobiographical remembering, such as visual imagery (Brewer, 1996; Greenberg & Rubin, 2003), are similarly related to past and future events’ characteristics (D'Argembeau & Van der Linden, 2006). Finally, social psychological research has shown that errors people make when they predict their future affective reactions are in part related to selective memory for past experiences (for review, see Gilbert & Wilson, 2007).

Taken together, these studies indicate that remembering past events and imagining future events are closely related mental faculties. It has been proposed that episodic remembering and future thinking indeed recruit very similar mechanisms, and that the construction of episodic future thoughts requires the retrieval and flexible integration of pieces of information stored in episodic memory (i.e., details about objects, people, actions, locations, emotions, and so on; Hassabis & Maguire, 2007; Schacter & Addis, 2007; Schacter et al., 2008; Suddendorf & Corballis, 1997, 2007). Precisely how humans construct mental representations of future events is still essentially unknown, however. It is likely that besides episodic memory, the construction of future episodes depends in part on semantic knowledge (i.e., conceptual knowledge about the self, others, and the world; Anderson & Dewhurst, 2009; D'Argembeau, Renaud, & Van der Linden, in press; Schacter et al., 2008; Suddendorf & Corballis, 2007; Szpunar, 2010). However, the specific contribution of different knowledge structures to the construction of episodic future thoughts has not yet been theoretically well-articulated, or empirically investigated. The purpose of this study was to address this issue. Before detailing our specific aims and the methods used, we first briefly review the literature on the structure of autobiographical knowledge and then propose, based on this literature, new hypotheses on the role of different knowledge structures in the construction of episodic future thoughts.

The structure of autobiographical knowledge 

Extensive research over the past twenty-five years has led to the view that autobiographical memories are not stored as such but instead are transitory patterns of activation over an underlying autobiographical knowledge database (for recent reviews, see Conway, 2005, 2009; Conway & Pleydell-Pearce, 2000). Three broad areas of autobiographical knowledge have been identified: personal semantic knowledge about significant others, common locations, and goals that characterize broad lifetime periods (e.g., “when I was in primary school”); summary representations of repeated events (e.g., “Sundays at grandma’s house”) or events extended in time (e.g., “our vacation in Italy last summer”), referred to as “general events”; and episodic memories, which are themselves constituted by episodic details that represent moments of a specific past experience and consist in summary records of sensory-perceptual, conceptual, and affective processing derived from working memory (e.g., a visual image of my friend snorkeling in the Mediterranean; Conway, 2009). These knowledge domains are organized in partonomic hierarchies (Barsalou, 1988), in which details about a specific event are part of general events that in turn are part of lifetime periods. A specific autobiographical memory is a stable pattern of activation over these knowledge structures and thus typically contains knowledge at different levels of specificity: episodic details are contextualized within a general event that in turn is associated with one or more lifetime periods that locate the more specific knowledge within an individual’s entire autobiography (Conway & Pleydell-Pearce, 2000).
Patterns of activation that represent specific memories can be generated in two different ways (Conway & Pleydell-Pearce, 2000). Sometimes highly specific cues (e.g., a particular taste) directly activate some episodic details, and activation then spreads to an associated general event and lifetime period, resulting in a pattern of activation that is experienced as a spontaneous memory (Berntsen, 1996). At other times, the construction of an autobiographical memory is an intentional, effortful process in which the rememberer actively searches for particular types of information (Conway & Pleydell-Pearce, 2000). In the latter case, a specific memory is iteratively constructed through a complex generative retrieval process in which cues are first elaborated, memory searched, the outputs from memory are evaluated and, if required, these are then elaborated further and another search undertaken (e.g., Burgess & Shallice, 1996; Conway & Pleydell-Pearce, 2000). During this process, knowledge access typically proceeds from the abstract to the specific, with general autobiographical knowledge (i.e., a lifetime period and/or an associated general event) being accessed first, and then used to access episodic details about a specific event (Haque & Conway, 2001). 

The construction of episodic future thoughts

Recent theories on episodic future thinking contend that the construction of episodic future thoughts involves the retrieval and flexible integration of pieces of information stored in episodic memory (Schacter & Addis, 2007; Schacter et al., 2008; Suddendorf & Corballis, 1997, 2007). The precise mechanisms by which the constitutive elements of episodic future thoughts are retrieved remain essentially unknown, however. Notably, it remains unclear whether people directly access episodic details when attempting to construct episodic future thoughts or whether they first access more general contextualizing knowledge structures, as is often the case when autobiographical memories are intentionally recalled. Furthermore, it is also unknown whether people explicitly recall past experiences in order to construct episodic future thoughts or whether episodic details are retrieved without being explicitly linked to past events. Examining these issues would not only shed light on the construction of episodic future thoughts, but also has important implications for understanding what episodic details consist of and how they are organized in memory.1
In this study, we hypothesize that as with autobiographical memories, episodic future thoughts might consist of transitory patterns of activation over knowledge structures at different levels of specificity. The construction of past and future events might rely, at least in part, on a common pool of episodic details, the difference between past and future events relating to more general knowledge structures that contextualize or frame episodic details within the individual’s autobiography. People certainly possess conceptual or general knowledge about their personal future, including knowledge about goals (e.g., I would like to become an architect), anticipated lifetime periods (e.g., when I’ll be married), and general events (e.g., my trip to Kenya next summer). There is indeed evidence that a substantial amount of future-oriented thoughts that people experience in daily life consist of abstract representations that do not refer to specific events (D'Argembeau et al., in press). Furthermore, when people are instructed to complete sentence stems with reference to their personal future (e.g., “Next year I ...”), they spontaneously report general information (i.e., future thoughts relating to extended future life periods or personal semantic information) more frequently than specific events (Anderson & Dewhurst, 2009). These general representations of one’s personal future could play a key role in the construction of episodic future thoughts―they might guide the selection of relevant episodic details and provide a context for integrating and interpreting those details. 

We further suggest that knowledge about the future might be mainly structured around personal goals (i.e., internal representations of future states that the individual strives to attain or avoid; for a review of goal constructs in psychology, see Austin & Vancouver, 1996), and that personal goals thus play an important role in the construction of episodic future thoughts. Some of these goals may be transmitted culturally through “cultural life scripts” (i.e., culturally shared expectations about the order and timing of major life events, such as graduation, marriage, and childbirth; Berntsen & Jacobsen, 2008; Berntsen & Rubin, 2004), whereas others may be more idiosyncratic (e.g., studying abroad, buying a sport car, taking golf lessons). Research suggests that personal goals are critical for both the encoding and retrieval of autobiographical knowledge―information that is preserved and most readily accessible in autobiographical memory is information that is highly relevant to goal processing (Conway, 2005, 2009; Conway & Pleydell-Pearce, 2000). In the same vein, episodic future thoughts might be driven by personal goals, their main function being to allow the representation of specific events that incarnate and exemplify personal goals (e.g., possible selves; Markus & Nurius, 1986) and the construction of scenarios that implement efficient ways to achieve goals (Taylor, Pham, Rivkin, & Armor, 1998). Thus, when constructing episodic future thoughts, people might first access abstract knowledge about personal goals, and then progressively specify goal features (e.g., consider the most likely place and time, the persons that would be present, the actions that might be possible, and so on) by retrieving relevant episodic details (e.g., details about actors, objects, locations, and activities; see Barsalou, 1991, for evidence that people plan familiar types of events by retrieving an event frame and then by progressively specifying its attributes). For example, in order to imagine a specific and plausible future event in response to the cue word “vacation,” an individual might first consider the fact that she would like to go to India next summer (a personal goal) and then construct specific moments of experience related to that goal (e.g., she might imagine a specific place she would like to visit and picture herself asking directions to an Indian guide).
Overview of the present studies

In summary, we suggest that episodic future thoughts consist of transitory patterns of activation over knowledge structures at different levels of specificity, and that general knowledge about one’s personal future (i.e., personal semantic information and anticipated “general events”) guides the retrieval of episodic details and provides a context for integrating and interpreting those details. If this is the case, then general knowledge about the future should be frequently accessed before episodic details during the construction of episodic future thoughts. Important insights into the structure of autobiographical knowledge and the construction of specific memories have been provided by studies that examined the content of people’s thoughts when they were attempting to remember events from their personal past, for example by asking them to “think aloud” (Barsalou, 1988; Burgess & Shallice, 1996; Haque & Conway, 2001; Reiser, Black, & Kalamarides, 1986). In Study 1, we adapted this method in order to investigate the contribution of different knowledge structures to the construction of episodic future thoughts. We predicted that when attempting to construct mental representations of specific future events, people would typically access general or semantic knowledge about their personal future before retrieving specific details that give future thoughts their episodic flavor. 

In two subsequent studies, we tested the hypothesis that personal goals might play an important role in the organization of knowledge about the future and the construction of episodic future thoughts. If representations of future events are indeed structured around personal goals, then possible future events should be more easily constructed in response to cues referring to personal goals compared to other classes of personal semantic information. Study 2 tested this hypothesis using a future-event fluency task, and Study 3 investigated whether knowledge about personal goals facilitates access to episodic details when constructing future events. 

Study 1

The aim of Study 1 was to determine precisely what knowledge structures are used to construct episodic future thoughts and to examine the temporal progression of their activation during the construction process. We hypothesized that the retrieval of episodic details is not random but instead is guided by more general knowledge about the personal future that is accessed first during the construction process. This hypothesis was tested using an adaptation of the “think aloud” method that has been previously used to investigate the construction of autobiographical memories (e.g., Barsalou, 1988; Burgess & Shallice, 1996; Haque & Conway, 2001; Reiser et al., 1986). More specifically, we examined the progressive construction of episodic future thoughts by asking participants to report the content of their thought flow (i.e., to report whatever comes to mind, even if it seems irrelevant) while they attempted to imagine specific future events in response to a series of cue words, and we compared this process to the construction of autobiographical memories. We predicted that as with autobiographical memories, the construction of episodic future thoughts would typically proceed from the general to the specific, with general knowledge (e.g., personal semantic knowledge and/or general events) being accessed before episodic details are retrieved. We further expected that specific events would be formed more easily for the past than for the future because people have to flexibly create novel combinations of episodic details to represent future events (Anderson & Dewhurst, 2009; D'Argembeau, Ortoleva, Jumentier, & Van der Linden, 2010; Schacter & Addis, 2007). 

Method

Participants. Twenty undergraduates at the University of Liège (9 females) took part in the study. They were all native French speakers and were aged between 19 and 26 years (M = 22 years). 

Materials and procedure. Participants were asked to recall specific events that happened in their personal past and to imagine specific events that might reasonably happen to them in the future, in response to a series of cue words. Two lists of ten cue words were selected from previous studies of autobiographical memory (e.g., Conway, Pleydell-Pearce, & Whitecross, 2001; Haque & Conway, 2001) and were translated into French. They referred to a broad range of common places, persons and feelings that can be associated with many experiences (e.g., friend, school, garden, restaurant, mother, love, sad). Words from the two lists were matched for imageability (Desrochers & Bergeron, 2000) and frequency of use (New, Pallier, Brysbaert, & Ferrand, 2004). The assignment of each list to past and future event conditions was counterbalanced across participants. For both conditions, the cues were written on cards that were presented one at a time.

For each cue word, participants were instructed to recall or imagine a specific event (i.e., a unique event that takes place in a specific place at a specific time, and that lasts a few minutes or hours but not more than a day) in as much detail as possible. Some examples were provided to illustrate what would, or would not be considered as a specific event. It was further specified that the events should refer to personal experiences and that the imagined future events should be plausible (i.e., something that might reasonably happen) and novel (i.e., something they had not experience in the past). Participants were instructed to say aloud everything that came into their mind from the time they read the cue word to the time they had a specific event in mind. They were encouraged to report every thought or image they experienced, even if it had apparently nothing to do with the cue word or with the task at hand. It was also specified that participants should use the cue word as a starting point to generate a past or future event but that the specific event generated did not necessarily have to directly correspond to the cue word (Haque & Conway, 2001). Participants received two practice trials (with different cue words, one trial for the past and one trial for the future) that were then discussed with the experimenter to ensure that they had correctly understood the instructions. Participants then retrieved 10 past events and imagined 10 future events. The order of presentation of the two conditions was counterbalanced across participants. All responses were audiorecorded and then retranscribed for scoring. 
After each past or future event had been generated, participants were asked to rate (using a 7-point rating scale; see e.g. D'Argembeau & Van der Linden, 2006) the event for emotional valence (-3 = very negative, 0 = neutral, +3 = very positive) and personal importance (1 = not at all important, 7 = very important), and they also estimated its temporal distance from the present (using any time unit; all responses were then transformed in days). For future events, participants also rated the probability that the event would happen (1 = very low, 7 = very high), its relevance to a personal project (1 = not at all relevant, 7 = very relevant), and novelty (1 = not at all, 7 = completely novel). The total testing time was between 45 and 90 minutes.

Scoring. Responses to all cues were scored using a coding procedure inspired from Haque and Conway (2001). Described elements were classified in three categories according to levels of abstraction. The first level (personal semantic information) corresponded to abstract representations of persons, locations, temporal periods, objects, and so on; although this category often contained imagery, the critical point was that the images did not refer to a single event or series of events (e.g., “I see my mother’s face”, “thinking of my primary school”, “I’m thinking about a friend I had when I was a teenager”). The second level (general events) corresponded to descriptions that referred to an event extended in time (e.g., “my vacation in France last summer”) or a series of repeated events (e.g., “I used to have lunch at grandma’s house on Sundays”) but did not include details about a single event happening on a particular day. Finally, the third level (specific events) corresponded to descriptions referring to a single event happening on a particular day (e.g., “we will have a barbecue at John’s house on Saturday and will enjoy the swimming pool”). 

The main purpose of this study was to examine the temporal progression of knowledge activation for these three levels of abstraction. To do so, participants’ descriptions were segmented into temporally ordered units, each unit being delimited by a shift in level of abstraction. The level of abstraction of the first element(s) described was identified and was considered as the first description unit. The first description unit could include multiple elements, provided that they all referred to the same level of abstraction. For example, if a participant retrieved semantic information about a person plus semantic information about a location, the two pieces of information would be considered as part of the same description unit; a distinct unit was scored only when participants moved to another level of abstraction (e.g., from personal semantic information to a general event). When the first description unit did not refer to a specific event, then the level of abstraction of the second description unit was identified and, similarly, when the second unit did not refer to a specific event, then the level of abstraction of the third unit was identified. Thus, in total, there was a maximum of three description units for each trial, each unit corresponding to one of the three levels of abstraction described above. For future events, we also identified cases where participants explicitly referred to a past event when attempting to imagine a future event. 
This scoring method allowed us to assess the order of appearance of knowledge at different levels of abstraction during the construction process. In order to illustrate the method, we report below the retranscriptions of two protocols in which the participants were instructed to imagine a specific future event in response to the cue word “friend” (scoring of levels of abstraction is indicated in bold in brackets):
Friend… um, well that makes me think about some of my friends, and Gilles in particular [first unit, level of abstraction: personal semantic information] … um, Gilles went to Canada and would like to go there again and I plan to go to with him, to visit North America. I would really like to go, it could happen in three or four years, I need to save some money first. We would start on the East side of Canada and then would go to the east coast of the United States, we would rent a car and we have friends there to visit [second unit, level of abstraction: general event] … um, it remains to be planned in detail but as I said we have friends there, my friend Danielle lives there on the east coast, near New York, and I’d really like to visit her one day during our trip. I see myself arriving in front of her place, even if in fact I don’t know where she lives.2 I imagine hugging her after all this time we haven’t seen each other [third unit, level of abstraction: specific event]
That makes me think of my friend Philippe who plays bass guitar in our band [first unit, level of abstraction: personal semantic information]... um, we plan to record an album and I imagine I will spend a lot of time with him, composing new songs and rehearsing them in our room [second unit, level of abstraction: general event] ... um, if the record sells well, I imagine us giving a big concert at the Ancienne Belgique (a concert hall in Brussels, Belgium), that would be great! So I can see us on the stage there, smiling, I will really be happy and I will look at Philippe playing and we will wink at each other [third unit, level of abstraction: specific event]
Inter-rater reliability. All responses were scored by the second author. To assess inter-rater reliability, a random selection of 20% of the responses was independently scored by a second trained rater who was blind to the hypotheses being tested in this study. There was a good agreement between the two raters (Cohen’s kappa coefficient = .80). 

Results

Because initial analyses showed that the order of presentation of the past and future conditions did not influence the findings, data were collapsed across the two order conditions. We first analyzed the total proportion of specific past and future events generated by the participants (i.e., independently of when a specific event was reported during the construction process). Participants reported more specific events for the past (M = .85, SD = .17) than for the future (M = .65, SD = .20), t(19) = 3.55, p = .002, d = .81. We also examined the extent to which participants explicitly recalled a past event during the process of imagining a future event. To do so, we computed the proportion of future event descriptions that explicitly included reference to a past event (either general or specific). Only 11% of descriptions explicitly referred to a past event. 

We then examined the level of abstraction of elements that were first accessed by the participants (i.e., the first unit) when they attempted to recall specific past events or to imagine specific future events. For each participant, we computed the proportion of personal semantic information, general events, and specific events described in the first unit (see Figure 1). We analyzed the proportions using a 2 (temporal orientation) x 3 (level of abstraction) analysis of variance (ANOVA). There was a main effect of level of abstraction, F(2, 38) = 15.61, p < .001, ηp2 = .45, indicating that participants retrieved personal semantic information more frequently than general events and specific events (ps < .001); there was no difference between the proportions of general and specific events. There was also an interaction between temporal orientation and level of abstraction, F(2, 38) = 4.66, p = .02, ηp2 = .20. Participants generated specific events more frequently for the past than for the future, t(19) = 2.19, p = .04, d = .50, and the proportion of general events also tended to be higher for the past than for the future, although the difference just failed to reach conventional statistical significance, t(19) = 1.99, p = .06, d = .46. On the other hand, the proportion of personal semantic information was higher for the future than for the past, t(19) = 2.46, p = .02, d = .56.

Next, we computed the proportion of specific events reported in the second unit for trials where a specific event had not been produced directly in the first unit, i.e. the number of specific events in the second unit / (10 - the number of specific events in the first unit). The proportion of specific events was significantly higher for past events (M = .66, SD = .25) than for future events (M = .40, SD = .19), t(19) = 3.53, p = .002, d = .81. Finally, we computed the proportion of specific events reported in the third unit for trials where a specific event had not been produced in the first or second unit; the difference between past (M = .44, SD = .41) and future events (M = .36, SD = .33) was not significant, t(19) < 1.

To visualize the progressive generation of specific events during the construction process, Figure 2 shows the cumulated proportions of specific events reported for description units 1, 2, and 3. A 2 (temporal orientation) by 3 (unit) ANOVA showed a main effect of temporal orientation, F(1, 19) = 14.30, p = .001, ηp2 = .43, and a main effect of unit, F(2, 38) = 226.43, p < .001, ηp2 = .92. The proportion of specific events significantly increased from the first unit to the second unit, t(19) = 18.40, p < .001, d = 4.22, and from the second unit to the third unit, t(19) = 5.37, p < .001, d = 1.23, revealing the progressive specification of events during the construction process. The interaction between temporal orientation and unit was not significant, F(2, 38) = 2.24, p = .12, ηp2 = .10, indicating that the rate of specific event increases across units was similar for the past and the future.3 
We also computed the time taken by participants to generate a specific event (i.e., the time from when the cue had been read to when a specific event was described) and examined whether response times (RTs) differed as a function of whether a specific event was generated directly (i.e., in the first description unit) or non-directly (i.e., in the second or third description unit). Data from six participants had to be excluded from these analyses because they did not generate any specific event directly, either for the past or the future. Mean RTs are shown in Figure 3 for the remaining fourteen participants. A 2 (temporal orientation) by 2 (type of construction: direct vs. non-direct) ANOVA revealed that RTs were faster when specific events were generated directly than when they were generated non-directly, F(1, 13) = 36.83, p < .001, ηp2 = .74. Although RTs were numerically higher in the future than in the past condition, the difference just failed to reach statistical significance, F(1, 13) = 3.94, p = .069, ηp2 = .23. The interaction was not significant, F < 1. For events that were generated non-directly, we also computed the number of distinct elements (i.e., the number of distinct pieces of semantic information or distinct general events) that were described before a specific event was constructed. The mean number of elements was 1.85 (SD = 0.61) for past events and 2.05 (SD = 0.73) for future events; the difference between the two types of events was not significant, t(19) = 1.05, p = .31, d = 24.
Finally, analyses of the ratings for event characteristics indicated that future events were rated as more positive (M = 1.25, SD = 0.63 vs. M = 0.55, SD = 0.63), t(19) = 3.61, p = .002, d = .82, and more important (M = 5.09, SD = 0.79 vs. M = 4.19, SD = 1.03), t(19) = 4.46, p < .001, d = 1.02, than past events. There was no difference between the two types of events with regard to temporal distance (M = 1974 days, SD = 999, for past events, and M = 1732 days, SD = 1122, for future events), t(19) < 1. The ratings also indicated that the imagined future events were judged probable (M = 5.24, SD = 0.50), novel (M = 5.01, SD = 0.90), and moderately linked to personal projects (M = 4.07, SD = 1.01).

Discussion

In line with previous studies (Haque & Conway, 2001), we found that the retrieval of autobiographical memories was most frequently a protracted generative process in which general personal knowledge (i.e., personal semantic information and/or general events) was accessed before episodic details (in the present study, only 27% of memories were formed through direct retrieval). The results of Study 1 further demonstrated that the construction of episodic future thoughts followed a similar process: when participants attempted to construct specific future events in response to cue words, they most frequently activated general personal knowledge before producing a specific event, and the progressive specification of events during the construction process followed similar patterns for the past and the future, as revealed by cumulated proportions of specific events reported in units 1, 2, and 3. Analyses of response times confirmed that the construction of specific events took more time when participants first accessed general personal knowledge than when they directly constructed a specific event, and this difference was of similar magnitude for the past and the future. When specific events were not formed directly, participants retrieved, on average, about two pieces of general personal information (i.e., personal semantic information or general event) before a specific past or future event was constructed. Together, these findings thus provide initial support for our hypothesis that general personal knowledge plays an important role in the construction of episodic future thoughts. 

The results also showed that the total number of specific events that participants were able to generate was lower for the future than for the past, which replicates previous findings (Anderson & Dewhurst, 2009; D'Argembeau et al., 2008, 2010). The examination of the temporal progression of event specification in the current study allowed us to investigate this difference between past and future events in more detail. We found that direct access to episodic details during the construction process was less frequent for the future than for the past (as revealed by the lower proportion of specific events in the first unit). Furthermore, when participants recruited generative processes (i.e., when representations of specific events were not accessed directly), they also constructed specific events less easily for the future than for the past (as revealed by the lower proportion of specific events reported in the second unit when a specific event had not been produced directly in the first unit). These findings thus indicate that specific events are formed more easily for the past than for the future, not only through direct access but also when generative processes are recruited. In keeping with this interpretation, response time data indicated that the time taken to produce a specific event was somewhat longer for the future than for the past. This is probably so because people have to flexibly create novel combinations of episodic details to imagine future events, which presumably requires more intensive constructive processes (Anderson & Dewhurst, 2009; D'Argembeau et al., 2010; Schacter & Addis, 2007). 
The finding that a relatively small, yet non-negligible proportion (16%) of episodic future thoughts were formed directly (i.e., without retrieving general knowledge first) may at first sight seem surprising. It is quite conceivable, however, that some future events that people previously imagined (e.g., when making specific plans) have been stored in memory and can therefore be accessed directly by a relevant retrieval cue (Gollwitzer, 1999), thus bypassing the use of generative processes. It is also interesting to note that the episodic details that were retrieved in order to construct specific future events were rarely explicitly linked to past events. Indeed, only 11% of descriptions of future events explicitly contained references to a past event. This finding is in line with our hypothesis that the construction of past and future events may rely, at least in part, on a common pool of episodic details, the difference between the past and future relating instead to more general knowledge structures that contextualize episodic details in the individual’s autobiography (see the General Discussion for further discussion of this issue).
Finally, we found, in line with previous studies (e.g., Addis et al., 2008; Berntsen & Bohn, 2010; D'Argembeau & Van der Linden, 2006), that future events were rated as more positive and more important than past events. Ratings also indicated that participants imagined future events that were probable, novel and moderately linked to personal projects. Importantly, temporal distance, which has been shown to influence the degree of abstraction of event representation (Trope & Liberman, 2003), was similar for past and future events, such that the differences between the two kinds of events that are reported above cannot be accounted by this factor.

Study 2

By showing that people frequently access general personal knowledge before episodic details when attempting to generate possible future events, Study 1 suggests that general knowledge structures play an important role in the construction of episodic future thoughts. The aim of Study 2 was to further explore the nature of this general knowledge, and more specifically to test the hypothesis that it is mainly organized in terms of personal goals. If representations of future events are indeed structured around personal goals, then possible future events should be more easily generated in response to cues referring to personal goals compared to other classes of personal semantic information (e.g., familiar persons and locations). We tested this hypothesis in Study 2 by using a future-event fluency task (e.g., MacLeod & Byrne, 1996; MacLeod & Conway, 2007). Participants were asked to generate as many future events as possible for 60 seconds in relation to personal goals, familiar persons, or familiar locations. We predicted that more future events would be generated in response to personal goals compared to persons and locations. 

An ancillary aim of Study 2 was to explore the nature of the personal goals that participants reported, and to examine in particular to what extent they corresponded to cultural life scripts (Berntsen & Jacobsen, 2008; Berntsen & Rubin, 2004). As already mentioned, cultural life scripts refer to culturally shared expectations about the order and timing of major life events in a prototypical life (e.g., graduation, marriage, and childbirth). Berntsen and Jacobsen (2008) recently found that a substantial proportion of voluntary and involuntary future thoughts corresponded to cultural life scripts (especially when thoughts referred to the more distant future), suggesting that life scripts may play an important role in structuring future event representations. In this study, we examined the extent to which personal goals were related to cultural life scripts and investigated whether future-event fluency differed according to whether goals were derived from shared cultural expectations or were more idiosyncratic. 

Method

Participants. Eighty-one undergraduates at the University of Liège (40 females) took part in the study. They were all native French speakers and were aged between 18 and 30 years (M = 22 years). This study used a between-subjects design, with twenty-seven participants being randomly assigned to each of the three cuing conditions. 

Materials and Procedure. Participants in the “personal goal” group were asked to list three personal projects, defined as things that are personally important, for which they make plans and that they strive to achieve (Emmons, 1986; Little, 1983). Those projects could refer to various life domains (e.g., school or work, family, intimate relationship, material goods, and leisure activities). Most personal projects reported by the participants were abstract goals that did not directly refer to specific future events (e.g., having a job I like, having children, staying in shape, owning my house). Participants in the “person” group were asked to list three persons that they believed they would frequently meet with in the future (e.g., my mother, my boss, my girlfriend), and participants in the “location” group were asked to list three locations that they believed they would frequently go to in the future (e.g., my office, my apartment, my parents’ house). 

The ease with which participants can construct representations of future events was assessed with a future-event fluency task that was adapted from the work of MacLeod and colleagues (e.g., MacLeod & Byrne, 1996; MacLeod & Conway, 2007). Participants were presented with each of the project/person/location that had been previously listed and were instructed to generate as many future events as possible that were related to that project/person/location. It was further specified that the events should refer to personal experiences and should be plausible and novel. The three cues were presented one at a time and, for each cue, participants were given 60 s to generate as many events as possible. It was specified that participants were not allowed to report the same future event for different cues.

Scoring. The content of the personal projects reported in this study was scored by two independent judges according to the 35 cultural life scripts identified by Berntsen and Rubin (2004). For each project, the judges decided whether or not it corresponded to one of the 35 script categories (i.e., having children; marriage; begin school; college; fall in love; others’ death; retirement; leave home; parents’ death; first job; begin daycare; own death; divorce; siblings; first friend; go to school; puberty; grandchildren; long trip; being walking; serious disease; major achievement; settle on career; first sexual experience; partner’s death; being talking; confirmation; enter adulthood; having peers; empty nest; first rejection; the “right” job; first contact; baptism; earn first money). There was a good agreement between the two raters (Cohen’s kappa coefficient = .87).
Results

We computed, for each participant, the total number of future events generated in response to the three cues. A one-way ANOVA showed that the number of future events that participants were able to generate significantly differed as a function of the type of cues that was provided, F(2, 76) = 6.15, p = .003, ηp2 = .14. The number of future events generated was higher in the personal goal condition (M = 14.52, SD = 2.85) than in both the person condition (M = 12.30, SD = 3.21), t(52) = 2.69, p = .01, d = .75, and the location condition (M = 12.04, SD = 2.47), t(52) = 3.42, p = .001, d = .95; the difference between the person and location conditions was not significant, t(52) < 1. 

Of the 81 personal projects reported in this study, 32 referred to a cultural life script (i.e., 40% of projects). There was no significant difference between cues corresponding to cultural life scripts and cues referring to more idiosyncratic goals in terms of the number of future events generated per cue during the fluency task (M = 5.00, SD = 1.50, for cultural life scripts, and M = 4.73, SD = 1.37, for idiosyncratic projects), t(79) < 1.

Discussion

Study 2 showed that future events were more easily generated in response to cues referring to personal goals compared to other classes of personal semantic information (i.e., locations and persons). A substantial proportion of personal goals described by participants corresponded to culturally shared expectations regarding important life events (Berntsen & Jacobsen, 2008; Berntsen & Rubin, 2004). Whether personal goals were culturally shared or more idiosyncratic did not influence the ease of future event generation, however. In short, the findings thus support the hypothesis that personal goals (both culturally shared and more idiosyncratic goals) play an important role in the organization of knowledge about the future. It remains to be demonstrated, however, that knowledge about personal goals actually facilitates the construction of episodic future thoughts. In the future-event fluency task we used, participants were not explicitly instructed to imagine specific episodes (i.e., discrete events that take place in a specific place at a specific time) and they probably seldom did so because they had to generate as many events as possible under time constraints. It is therefore likely that performance on this future-event fluency task reflected, at least in part, the ability to access general future events (i.e., extended or repeated events). In study 3, we thus investigated whether cuing knowledge about personal goals facilitated the construction of truly episodic future thoughts.

Study 3

The purpose of Study 3 was to examine whether people generate specific future events more easily when they are cued with personal goals compared to other classes of personal semantic information. Participants were first asked to provide information about personal goals, familiar locations, and familiar persons. A week later, this information was used to create cues for a future-event construction task that was otherwise identical to the one used in Study 1. To the extent that personal goals facilitate the construction of episodic future thoughts, participants should generate representations of specific future events more easily when cued with their personal goals compared to other kinds of personal semantic information. More specifically, we predicted that cuing participants with their personal goals would increase direct access to episodic details (resulting in a higher proportion of specific events in the first description unit), and would also facilitate access to episodic details when participants recruit generative processes to construct episodic future thoughts (resulting in a higher proportion of specific events in the second description unit). 

Method

Participants. Twenty undergraduates at the University of Liège (14 females) took part in the study. They were all native French speakers and were aged between 19 and 29 years (M = 23 years).

Materials and Procedure. One week before the main testing session, participants were asked to list five personal projects, five locations that they believed they would frequently go to in the future, and five persons that they believed they would frequently meet with in the future (see Study 2 for more details about the instructions). The personal projects, locations, and persons listed were then used as cues for the future-event imagination task, which took place one week later. The procedure was exactly the same as in Study 1, except that only the future event condition was included and that participants imagined future events in response to the cues they had previously listed. The three kinds of cues were presented in alternate order. Future event constructions were scored using the same method as Study 1 (Cohen’s kappa = .84). As in Study 2, the content of the personal projects reported by participants was scored according to cultural life scripts (Cohen’s kappa = .86).

Results

We first computed the total proportion of specific events imagined in response to cues referring to personal projects, familiar persons, and familiar locations. The total proportion of specific events differed as a function of the type of cues, F(2, 38) = 13.14, p < .001, ηp2 = .41. Participants reported more specific events in response to personal projects (M = .71, SD = .20) than persons (M = .58, SD = .24), t(19) = 2.94, p = .008, d = .67, and locations (M = .45, SD = .29), t(19) = 5.15, p < .001, d = 1.18, and more specific events for persons than locations, t(19) = 2.29, p = .03, d = .53. We also examined to what extent participants explicitly recalled a past event during the process of imagining a future event. To do so, we computed the proportion of future event descriptions that explicitly included reference to a past event (either general or specific). Only 9% of descriptions explicitly referred to a past event. 

We then examined the level of abstraction of elements that were first accessed by the participants (i.e., the first unit) when they attempted to imagine specific future events. For each participant, we computed the proportion of personal semantic information, general events, and specific events described in the first unit for the three kinds of cues (see Figure 4). The type of cues did not influence the proportion of personal semantic information, F(2, 38) = 1.00, p = .38, ηp2 = .05, nor the proportion of general events, F < 1. On the other hand, as can be seen from Figure 4, there was an effect of the type of cues for specific events, F(2, 38) = 5.70, p = .007, ηp2 = .23, with the proportion of specific events decreasing from personal projects to persons to locations. The proportion of specific events was significantly higher for personal projects compared to locations, t(19) = 3.85, p = .001, d = .88, and for persons compared to locations, t(19) = 2.13, p = .046, d = .49. Although the proportion of specific events was also numerically higher for personal projects compared to persons, the difference did not reach statistical significance, t(19) = 1.29, p = .21, d = .30.
Next, we computed, for each type of cue, the proportion of specific events reported in the second unit for trials where a specific event had not been produced directly in the first unit, i.e. the number of specific events in the second unit / (5 - the number of specific events in the first unit). The proportion of specific events differed as a function of the type of cues, F(2, 38) = 3.92, p = .03, ηp2 = .17. Proportions were higher for personal projects (M = .50, SD = .30) than locations (M = .30, SD = .33), t(19) = 2.57, p = .02, d = .59, and also tended to be higher for personal projects than persons (M = .38, SD = .28), although the difference just failed to reach conventional statistical significance, t(19) = 1.98,, p = .06, d = .45; the difference between persons and locations was not significant, t(19) = 1.05, p = .31, d = .24. Finally, we computed the proportion of specific events reported in the third unit for trials where a specific event had not been produced in the first or second unit; there was no effect of the type of cues, F < 1.

To visualize the progressive generation of specific events during the construction process, Figure 5 shows the cumulated proportions of specific events reported in description units 1, 2, and 3. A 3 (type of cues) by 3 (unit) ANOVA showed a main effect of the type of cues, F(2, 38) = 11.86, p< .001, ηp2 = .38, and a main effect of description unit, F(2, 38) = 59.42, p < .001, ηp2 = .76. The proportion of specific events significantly increased from the first unit to the second unit, t(19) = 7.63, p < .001, d = 1.75, and from the second unit to the third unit, t(19) = 3.25, p = .004, d = .75, revealing the progressive construction of specific future events. The interaction between unit and the type of cues was not significant, F(4, 76) = 1.55, p = .20, ηp2 = .08, indicating that although the proportion of specific events reported was higher for personal projects than persons (p = .02) and locations (p < .001), the rate of specific event increases across units was similar for the three types of cues. 
As in Study 1, we also computed the time taken by participants to generate a specific event and examined whether RTs differed as a function of whether a specific event was generated directly or non-directly. Data from one participant had to be excluded from these analyses because he did not generate any specific event directly. For the remaining nineteen participants, RTs were faster when specific events were generated directly (M = 3.82 s, SD = 1.92) than when they were generated non-directly (M = 27.5 s, SD = 12.6), t(18) = 8.26, p < .001, d = 1.95. For events that were generated non-directly, the mean number of distinct elements (i.e., the number of distinct pieces of semantic information or distinct general events) that were described before a specific event was constructed was 1.26 (SD = 0.28).
Mean ratings for event characteristics are shown in Table 1. The type of cues did not influence ratings for emotional valence, F(2, 38) = 1.77, p = .18, ηp2 = .09, probability, F(2, 38) = 1.24, p = .30, ηp2 = .06, and temporal distance, F(2, 38) = 1.73, p = .19, ηp2 = .08. On the other hand, there was a significant effect for importance, F(2, 38) = 13.04, p < .001, ηp2 = .41, link to personal projects, F(2, 38) = 14.80, p < .001, ηp2 = .44, and novelty F(2, 38) = 7.89, p = .001, ηp2 = .29, indicating that future events generated in response to personal projects were rated as more important, more linked to personal projects, and more novel than future events generated in response to persons and locations (all ps < .05). 

Finally, we examined the extent to which the personal projects reported in this study corresponded to cultural life scripts. Of the 100 personal projects reported, 41 referred to a cultural life script (i.e., 41% of projects). To explore possible differences between cultural life scripts and more idiosyncratic goals in terms of access to episodic details, we compared the proportions of specific events retrieved in response to the two types of cues. Data from two participants could not be included in the analyses because the personal projects they reported did not include any cultural life script. Although the total proportion of specific events retrieved was numerically higher for cultural life scripts (M = .80, SD = .29) than for idiosyncratic goals (M = .67, SD = .33), the difference was not statistically significant, t(17) = 1.19, p = .25, d = .29. The proportion of specific events reported in the first description unit did not differ either (M = .32, SD = .30, for cultural life scripts, and M = .36, SD = .34, for idiosyncratic goals), t(17) < 1.

Discussion

In line with our hypothesis, the findings of Study 3 showed that cuing participants with their personal goals facilitated the construction of episodic future thoughts. First, the higher proportion of specific events generated in the first description unit suggests that direct access to episodic details was enhanced when participants were cued with personal goals. Providing knowledge about personal goals actually more than doubled the probability of directly forming a specific future event compared to more “traditional” cues such as those used in Study 1 (the probability increased from .16 to .35). Second, even when participants recruited generative processes to construct specific future events (i.e., in the absence of direct access to episodic details), they generated specific events more easily when cued with personal goals compared to familiar persons and locations, as revealed by the higher proportion of specific events reported in the second unit when a specific event had not been formed directly in the first unit. These findings thus suggest that providing participants with information about personal goals not only increased direct access to episodic details, but also facilitated access to episodic details when participants recruited generative processes to construct episodic future thoughts. This was confirmed by analyses of cumulated proportions of specific events for units 1, 2, and 3, which indicated that although, overall, specific events were more easily constructed when participants were cued with personal goals rather than persons and locations, the rate of specific event increases across description units was similar for the three kinds of cues. Our interpretation of these findings is that the construction of episodic future thoughts usually requires the activation of knowledge about personal goals, which is used to access relevant episodic details, such that providing participants with goal-related knowledge facilitates the construction process. 

In line with Study 2, we found that a substantial proportion of personal goals described by participants (41 % in this study) corresponded to culturally shared expectations regarding important life events (Berntsen & Jacobsen, 2008; Berntsen & Rubin, 2004). The construction process did not differ according to whether the cues referred to culturally shared or more idiosyncratic goals, however. It is also worth noting that as in Study 1, explicit references to a past event during the construction process were relatively uncommon (9% of trials in this study; see the General Discussion for further discussion of this issue). Finally, ratings for event characteristics indicated that future events generated in response to personal goals were judged as more important, more related to personal goals, and more novel than future events generated in response to locations and persons. The three types of events did not differ in terms of valence and perceived probability of occurrence. Importantly, temporal distance was also similar across the three conditions, such that the influence of the type of cues that is reported above cannot be accounted by this factor.

General Discussion

In spite of the rapidly growing interest in episodic future thinking in various areas of psychology and neuroscience (Atance & O'Neill, 2001; Buckner & Carroll, 2007; Gilbert & Wilson, 2007; Schacter et al., 2008; Suddendorf & Corballis, 2007; Szpunar, 2010; Tulving, 2005), precisely how healthy human adults construct mental representations of future events remained to be elucidated. In this study, we hypothesized that episodic future thoughts involve knowledge structures at different levels of specificity, with general or semantic knowledge about the personal future providing a context or frame for retrieving, integrating, and interpreting episodic details. We further suggested that knowledge about the future is mainly structured around personal goals, and that personal goals thus play an important role in the construction of episodic future thoughts. 

Results from three studies support these hypotheses. In Study 1, we investigated the kinds of knowledge structures that are used to generate episodic future thoughts and examined the temporal progression of their activation during the construction process. The results showed that when participants attempted to construct specific future events in response to cue words, they most frequently activated general personal knowledge (i.e., personal semantic information and/or general events) before producing a specific event. In Study 2, we found that cuing participants with different kinds of general personal knowledge (i.e., knowledge about goals, familiar persons, or locations) influenced the ease of future event generation, with knowledge about personal goals increasing the number of future events that participants were able to produce in a future-event fluency task. Finally, Study 3 demonstrated that cuing participants with their personal goals facilitated access to episodic details during the construction of episodic future thoughts. Taken together, these findings indicate that general personal knowledge, and in particular knowledge about personal goals, plays an important role in the construction of episodic future thoughts.

Recent theoretical views have emphasized the role of episodic memory in future event simulation (Atance & O'Neill, 2001; Schacter et al., 2008; Suddendorf & Corballis, 2007; Tulving, 2005). Notably, Schacter and Addis (Addis, Pan, Vu, Laiser, & Schacter, 2009; Schacter & Addis, 2007; Schacter et al., 2008) and Suddendorf and Corballis (1997, 2007) have put forward the idea that episodic memory provides a source of details for future event construction, such that past and future events draw on similar information stored in episodic memory. While the possible implication of general (semantic) knowledge in episodic future thoughts had been acknowledged by several authors (Anderson & Dewhurst, 2009; D'Argembeau et al., in press; Schacter et al., 2008; Suddendorf & Corballis, 2007; Szpunar, 2010), the precise role of different knowledge structures had not yet been theoretically well-articulated, or empirically investigated. This study thus provides an important step in understanding this issue. The main contribution of this study is to show that the construction of episodic future thoughts is frequently a protracted generative process in which general personal knowledge (i.e., personal semantic information and/or general events) is accessed before episodic details are retrieved. This finding clearly indicates that episodic future thinking is not solely based on episodic memory. Furthermore, the fact that general personal information was accessed before episodic details during the construction process strongly suggests that the selection of episodic details that are used to construct future events is not random but instead is guided by more general knowledge structures. This study thus provides initial support for our hypothesis that as with autobiographical memories, episodic future thoughts consist in transitory patterns of activation over knowledge structures at different levels of specificity; the imagination of future events not only involves episodic memory but also more general personal knowledge structures that provide a context for retrieving, integrating, and interpreting episodic details.

The present findings also support the idea that knowledge about personal goals plays an important role in structuring representations of future events. We suggested that personal goals provide a frame for guiding the retrieval of episodic details and for integrating those details into coherent scenarios that incarnate what might be possible for the self in the future (i.e., possible selves; Markus & Nurius, 1986). Accordingly, we hypothesized that when constructing episodic future thoughts, people would typically access general knowledge about personal goals first, and then progressively specify goal features by retrieving relevant episodic details (e.g., details about location and time, persons that would be present, actions that would be possible, and so on; Barsalou, 1991). If this is indeed the case, then activating knowledge about personal goals should facilitate the imagination of possible future events. In line with this hypothesis, the current findings showed that cuing participants with their personal goals increased the ease of future event generation (Study 2) and facilitated access to episodic details (Study 3). These findings thus suggest that activating knowledge about personal goals is an integral part of the construction of episodic future thoughts.
Interestingly, we found that a substantial proportion of personal goals (around 40%) reported by the participants in this study corresponded to culturally shared expectations regarding important life events (Berntsen & Jacobsen, 2008; Berntsen & Rubin, 2004). Furthermore, cuing participants with culturally shared versus more idiosyncratic goals had similar effects on future event fluency (Study 2) and access to episodic details (Study 3). These findings are consistent with Berntsen and Jacobsen’s idea that future event representations are to a good extent governed by cultural life scripts, and not solely by more idiosyncratic goals. Note, however, that the specific ways through which cultural life scripts are incarnated in episodic future thoughts may still be unique to each individual (e.g., two persons will probably imagine their wedding differently, although the general script may be similar). In any case, the embodiment of goals (be they culturally transmitted or more idiosyncratic) into specific future scenarios probably play key roles in guiding and motivating behavior towards desired end-states (Karniol & Ross, 1996; Oyserman & James, 2009; Ruvolo & Markus, 1992; Taylor et al., 1998).

In addition to shedding light on the construction of episodic future thoughts, the current findings hold important implications for our understanding of the organization of autobiographical knowledge and the nature of episodic memory. Although people undoubtedly use details stored in episodic memory to construct episodic future thoughts (Schacter & Addis, 2007; Suddendorf & Corballis, 2007), the present findings indicate that they rarely explicitly relate those details to past events. Indeed, we found in Studies 1 and 3 that participants explicitly referred to past experiences in only about 10% of future event constructions, despite the fact that they clearly used episodic details to specify future events. This finding supports the view that temporal information is not an intrinsic property of episodic details (or at least of some of them) (e.g., Dalla Barba & Boissé, 2010; Brewer, 1996; Friedman, 1993; Hassabis & Maguire, 2007). Episodic details might only acquire a temporal location when linked to more general knowledge structures, such as representations of conventional time patterns (i.e., time units, such as hours, days, months, and years; Friedman, 1993, 2005) or more idiosyncratic lifetime periods (e.g., “when I’ll have moved to my new house”; Conway & Pleydell-Pearce, 2000). More generally, the current findings are consistent with models that conceive episodic memories as being represented separately from conceptual autobiographical knowledge (Conway, 2005; Conway & Pleydell-Pearce, 2000). Such models indeed allow for the same pool of episodic details to be used both for remembering past events and imagining future events, the difference between the two types of events relating to more general knowledge structures that contextualize episodic details within the individual’s entire autobiography. 
Our findings can also be interpreted according to the “basic-systems model” of autobiographical memory (Rubin, 2006). Rubin has argued that episodic memories are formed by the interaction of basic systems that process different kinds of information (i.e., vision, audition, olfaction, and other senses, spatial imagery, language, emotion, narrative, and motor output; see also Barsalou, 2008, for evidence that knowledge and memories are represented as simulations in modality-specific systems), as well as systems involved in searching/retrieving and binding the different elements of a memory. It is likely that imagining future events involve the same basic systems as remembering past events and that people use the same schemata within each system (e.g., visual schemata for familiar people and objects, spatial schemata for the layout of known locations, emotional schemata) during both episodic remembering and future thinking. In terms of the basic-systems model, the key difference between the past and future might primarily lie in the narrative system (a system that combines elements from other systems into coherent temporal sequences that represent goal-directed events), which would provide episodic constructions with different temporal contexts.

Although the present study provides new insights into the construction of episodic future thoughts, some interpretive issues should be acknowledged. First, it could be argued that the finding that participants frequently described general personal knowledge first when attempting to construct specific events might be a way of narrating events (e.g., setting the general context) rather than evidence for the role of general knowledge structures in guiding the construction process. Although this possibility cannot be totally excluded, it should be reminded that the instructions clearly indicated that participants should report everything that comes to mind during the construction process (even if the resulting description seems fragmented or incoherent), therefore minimizing the influence of narration conventions. Furthermore, previous research has shown that, at least for past events, general knowledge structures are frequently accessed first during the construction process, even when participants do not narrate the recalled events (Haque & Conway, 2001). Therefore, we are inclined to believe that the present findings cannot be simply explained in terms of a narration convention effect.
Another issue concerns the fact that the results of cuing experiments are not a direct reflection of the organization of autobiographical knowledge but also depend on task demands and the nature of the cues. For example, it has been found that memories that are elicited by prompts to recall highly significant personal events are more likely to be embedded in event clusters (i.e., memory structures that organize information about a set of causally and thematically related events) than memories elicited by word cues (Brown & Schopflocher, 1998). Thus, it remains to be determined in future studies whether the present findings regarding the construction of episodic future thoughts generalize to other methods used to elicit events. In addition, it should also be noted that in the three studies reported here, participants willfully attempted to construct episodic future thoughts. Detailed analyses of effortful attempts at autobiographical memory retrieval have provided important insights as to the organization of autobiographical knowledge in long-term memory (Barsalou, 1988; Burgess & Shallice, 1996; Haque & Conway, 2001; Reiser et al., 1986). The aim of this study was to extend this line of research to episodic future thinking and the findings clearly provide important clues for understanding the role of different knowledge structures in the construction of episodic future thoughts. It is worth mentioning, however, that episodic future thoughts can also be formed spontaneously (i.e., with no preceding conscious attempt to construct them; Berntsen & Jacobsen, 2008). As noted by Berntsen and Jacobsen, involuntary episodic future thoughts may be formed mainly as a result of “bottom-up” associative processes rather than “top-down” schema-driven processes. Interestingly, we found in Study 1 that a small yet non-negligible proportion of episodic future thoughts were formed directly (i.e., without retrieving general knowledge first). It might be that some future event representations constructed on a previous occasion (e.g., when making specific plans) have been stored in memory, such that they can be retrieved directly through automatic associative processes in response to relevant (internal or external) cues (Gollwitzer, 1999). 
Finally, although the present findings suggest that personal goals play an important role in guiding the construction of episodic future thoughts, it is unlikely that knowledge about the personal future is organized around a single class of information. The possible organizational role of other classes of personal information, such as knowledge about future time periods for example, should be investigated in future studies. With regard to the present findings, it could also be argued that people might generally think about their personal future more often in relation to goals as opposed to specific persons or locations. Therefore, it could be that representations of specific future events are more accessible in response to goal cues simply because they have been thought about more often in relation to goals. As previously mentioned, it might indeed be the case that some future event representations have been constructed on previous occasions and have been stored in memory, such that they can be retrieved directly through automatic associative processes in response to relevant cues, such as goals. Note, however, that Study 3 indicated that direct access to episodic future thoughts occurred for only a minority of events. Furthermore, even when participants recruited generative processes to construct specific future events (i.e., in the absence of direct access to episodic details), they generated specific events more easily when cued with personal goals compared to familiar persons and locations. Considering this result, we are thus inclined to maintain that abstract representations of personal goals play an important role in guiding the construction of episodic future thoughts.
In conclusion, this study shows that the construction of episodic future thoughts involve knowledge structures at different levels of specificity, with general or semantic knowledge about the personal future being frequently accessed before episodic details during the construction process. The representation of past and future events may rely on a common pool of episodic details, the difference between the two types of events relating to general knowledge structures that provide a context for retrieving, integrating, and interpreting those details. Knowledge about personal goals, in particular, seems to play an important role in structuring representations of future events. 
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Footnotes
1 In this article, the term “episodic detail” is used to designate the constitutive elements of an episodic memory or future thought that provide event specificity and trigger the feeling of experiencing the event (see Conway, 2009). The question of exactly what episodic details consist of is in itself a complex and still largely underexplored issue. Generally speaking, episodic details may be conceived as components of experience (i.e., sensory-perceptual-conceptual-affective details; Conway, 2009) that are represented as simulations in the brain’s modality-specific systems for perception, action, emotion, and introspection (Barsalou, 2008; Rubin, 2006). These details may in large part consist of elements that have been extracted from a single past event that can be specifically located in space and time―for example, a visual image that represents the appearance of my friend David when I saw him this morning (Addis, Pan, et al., 2009). However, the mental representation of a specific past or future event might sometimes also rely on details that are “experience-near” (i.e., representative of experience) yet generic, in the sense that they summarize multiple past experiences―for example, a visual image that represents what my friend David typically looks like (Conway, 2009). Although some researchers may be reluctant to use the term “episodic” to designate this latter kind of detail, we here use the term in a general way to refer to any experience-near detail, thus acknowledging the possibility that some generic details might also contribute to giving an event representation its “episodic flavor.” 
2 It should be noted that the details that are used to mentally represent possible future events might not only consist of elements that have been extracted from first-hand personal experiences (e.g., the representation of a known location), but also information gleaned more indirectly, for example through the media (e.g., television, magazines, and so on). Thus, for example, even if a person has never been to the U.S., she may still be able to imagine visiting a particular location in the U.S. by using details extracted from photographs or movies she has previously seen about that country.
3 As suggested by an anonymous reviewer, we also examined the proportion of specific events described in the three units, when trials for which participants failed in the end to generate a specific event had been excluded. For past events, the proportion of specific events that were generated in the first, second, and third unit was .31 (SD = .20), .54 (SD = .19), and .15 (SD= .18), respectively. For future events, the respective proportions were .26 (SD = .23), .49 (SD = .24), and .25 (SD = .24). A 2 (temporal orientation) by 3 (unit) ANOVA showed a main effect of unit, F(2, 38) = 16.70, p < .001, ηp2 = .47, and a post-hoc comparison showed that specific events were more frequently generated in the second unit than in the first unit, t(19) = 4.72, p < .001, d = 1.08. The interaction between temporal orientation and unit was not significant, F(1, 19) = 1, p = .38, ηp2 = .05.
Table 1

Ratings for future event characteristics as a function of the type of cues in Study 3.

	
	Type of cues

	Event characteristic
	Projects
	Persons
	Locations

	Emotional valence
	1.75 (0.77)
	1.72 (0.82)
	1.44 (0.91)

	Importance
	5.90 (0.79)
	4.97 (1.10)
	4.96 (1.13)

	Link to personal projects
	5.49 (0.89)
	3.92 (1.31)
	4.11 (1.21)

	Probability
	5.48 (0.58)
	5.70 (0.79)
	5.74 (0.62)

	Novelty
	5.74 (0.74)
	4.59 (1.12)
	4.65 (1.51)

	Temporal distance (days)
	1472 (1294)
	1121 (1221)
	1321 (1526)


Note. Standard deviations are shown in parentheses. 
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Figure 1. Proportion of personal semantic information, general events, and specific events reported in the first description unit for past and future events in Study 1. Error bars represent the standard error of the mean.
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Figure 2. Cumulated proportion of specific events reported in description units 1, 2, and 3 for past and future events in Study 1. Error bars represent the standard error of the mean.
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Figure 3. Time taken to generate specific past and future events in Study 1, as a function of whether the specific events were constructed directly or non-directly. Error bars represent the standard error of the mean.
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Figure 4. Proportion of personal semantic information, general events, and specific events reported in the first description unit as a function of the type of cues in Study 3. Error bars represent the standard error of the mean.
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Figure 5. Cumulated proportion of specific events reported in description units 1, 2, and 3 as a function of the type of cues in Study 3. Error bars represent the standard error of the mean.
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