
JWST329-c18 JWST329-Bauer Printer: May 15, 2013 19:33 Trim: 244mm × 170mm

U
N

C
O

R
R

EC
TE

D
PR

O
O

FS

18

Locating Events in Personal Time
Time in Autobiography

Thanujeni Pathman
University of California, Davis

Peggy L. St. Jacques
Harvard University

Adults often reminisce, whether alone or in a group. We spend much of our day remembering
past events or telling stories to others about our past encounters. The majority, if not all,
of these memories are associated with particular temporal contexts; we remember them as
taking place in particular times in our past. In fact, it would seem unnatural to think of
an important past event detached from time or separate from the seemingly linear ordering
of past events in our mind. Locating events in personal time is an integral and defining
feature of autobiographical memory. Understanding time in autobiographical memory has
been the focus of much behavioral and neuropsychological research (see Friedman, 1993,
2004), and researchers have examined the neural underpinnings of this capacity (St. Jacques,
Rubin, LaBar, & Cabeza, 2008). The goal of this chapter is twofold: (1) to synthesize what
we know about memory for temporal information associated with personal past events by
drawing from both the adult and developmental literatures, and (2) to point out areas for
future research for understanding the development of memory for temporal information of
autobiographical events.

Autobiographical Memory

There is much debate in the literature regarding how one should define autobiographical
memory, and whether this type of memory is separate from episodic memory (for review, see
Gilboa, 2004; St. Jacques & Cabeza, 2012; see also McDermott, Szpunar, & Christ, 2009).
For the purposes of this chapter, we define autobiographical memory as memory of personally
relevant events from a specific place and time in one’s past. The personally relevant nature of
autobiographical memories is what distinguishes it from events encountered in the laboratory
(e.g., pictures, words on a computer screen). Personally relevant events invoke goals, emotions,
and personal meanings related to the self (Nelson & Fivush, 2004; Conway & Pleydell-Pearce,
2000; Conway & Rubin, 1993). In both children and adults, personally relevant events are
more likely to be remembered accurately compared to events encoded with minimal personal
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involvement or importance (Pathman, Samson, Dugas, Cabeza, & Bauer, 2011), and thus
may be more likely to be incorporated into one’s autobiography.

The Importance of Time in Autobiographical Memory

Time, a multifaceted concept (see Friedman, 2008, for discussion), is the seemingly irreversible
and continued progression of events from the past, through the present, and into the future,
forming a non-spatial continuum. Temporal information associated with past events is informa-
tion that allows one to place the event on this continuum. Memory for temporal information
and the development of memory for temporal information is important due to practical and
theoretical reasons. First, it is not difficult to realize that memory for temporal information
is necessary on a daily basis. When telling your family about your day at the dinner table, for
example, it is important that the temporal organization be apparent and logical. It would be
unusual (and confusing to listeners) if the unfolding of events in your story did not follow a
somewhat linear progression. A temporal organization of events is also necessary when talking
about or thinking about temporally remote or significant life events. For example, you are likely
to remember when you graduated from college, met your spouse, or gave birth to a child, and
you can order important life events in relation to each other. Further, as described by Block
and Zakay (2008), memory for temporal information related to past events helps guide future
actions. Memory for how past episodes have unfolded, in terms of event order and duration,
for example, can be used to plan for related episodes in the future. Given how vital this capac-
ity is, it is important to understand how this develops in childhood. Moreover, children are
often asked to remember temporal information at home (e.g., telling their parents about the
events of the first day of school), in the classroom (e.g., talking about their summer vacation
with their teacher or peers), and more rarely in forensic and legal settings. Children who are
eyewitnesses are often asked about their memory for the temporal information associated with
particular past events. Further, their testimony may be disallowed or discounted if they do
not provide accurate temporal information (see Friedman & Lyon, 2005, for discussion). For
these practical reasons, understanding memory for temporal information and the development
of this capacity is critical.

Theoretically, memory for temporal information plays an integral role in both adult and
developmental theories of autobiographical memory. Adult theories of autobiographical mem-
ory emphasize the importance of temporal order and temporal information in relation to the
creation of a life story (e.g., Habermas & Bluck, 2000; McAdams, 2001), as well as how tem-
porally delineated life periods structure and organize autobiographical memory (Conway &
Pleydell-Pierce, 2000). When life stories are recounted, events are temporally organized, and
narratives contain temporal anchors or landmarks (e.g., during my first year of college; see
Thompson, Skowronski, Larsen, & Betz, 1996). An organizational structure or skeletal tem-
plate based on time, temporal coherence, helps one describe his or her life story and recount
past events with consistency across repeated tellings (Bluck & Habermas, 2000). Develop-
mental autobiographical memory theories also emphasize memory for temporal information.
According to social cultural development theory, “talking about experienced events with par-
ents who incorporate the child’s fragments into narratives of the past not only provides a
way of organizing memory for future recall but also provides the scaffold for understanding
the order and locations of personal time, the essential basis for autobiographical memory”
(Nelson & Fivush, 2004, p. 500). Thus, research on the development of memory for temporal
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information would inform our understanding of the emergence of autobiographical memory.
In summary, we see that understanding the development of memory for temporal information
is important because it has practical importance to our lives and theoretical implications for
autobiographical memory literatures. Before discussing the current behavioral, neuropsycho-
logical, and neuroimaging research on this capacity, we outline conceptual and methodological
issues that have implications for understanding the development of memory for temporal infor-
mation as it relates to autobiographical memory.

Conceptual and Methodological Issues

a. Macro- vs. micro-timescales. The temporal scale of autobiographical experiences ranges from
the macro, the temporal structure across episodes, to the micro, the temporal structure within
a particular episode (for similar ideas, see Hassabis & Maguire, 2007). Macro-time is how
autobiographical events are temporally ordered as they are placed along the timeline of the
personal past. Autobiographical memories may be organized in macro-time along a personal
timeline based on one or more of the following: (a) the life story (McAdams, 1990), a collection
of highly self-relevant and meaningful memories following a chronology loosely based on the
flow of time from the past to the future (Bluck & Habermas, 2000), (b) cultural life-scripts
(Berntsen & Rubin, 2002), which refer to a series of events following a fixed chronology based
on a prototypical life (e.g., get a job, get married, have children, retire, etc.), and (c) lifetime
periods (Conway & Pleydell-Pearce, 2000), which refer to extended periods of subjective
time (e.g., graduate school; living in Toronto) that may overlap but which loosely follow a
temporal order. The temporal location of individual autobiographical experiences along this
personal timeline is not hardwired into memory, but is inferred via both reconstruction and
distance processes (Friedman, 1993, 2004). Reconstruction processes are effortful operations
that involve retrieving contextual details and using them to infer the temporal order of past
events. For example, you might remember that you met your significant other in the winter
season because you remember that there was snow on the ground. Distance processes are
less effortful processes that rely on differences in the relative strength of memory traces to
infer the sense of distance in the past from the present moment. Distance processes rely on
your subjective impressions of the age of the memory (Friedman, 1993). For example, you
may infer that X happened before Y because your memory for Y is stronger (e.g., more vivid)
than your memory for X. In general, reconstruction processes are more effective for events
that occur closer in time, because causal links between events are made clearer. In contrast,
distance processes tend to be more effective when events occur further apart in time, because
it augments differences in memory strength. Further, distance-based temporal processes may
become less effective over time as memories are reactivated and subsequently strengthened or
altered (for review, see Moscovitch et al., 2005; Nader & Hardt, 2009). Additionally, some
autobiographical experiences may have a “fuzzier” macro-time (e.g., an event that is repeated
on several different occasions, or which is extended in time) compared to events with a more
specific macro-time (e.g., single, unique episode; St-Laurent, Moscovitch, Tau, & McAndrews,
2011), and be more difficult to temporally locate along the personal timeline.

Micro-time deals with the moment-to-moment sequence of action within a particular
episode. Autobiographical episodes tend to be experienced chronologically as a story that
progresses from beginning to end, such that forward order narration facilitates memory recall
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(Anderson & Conway, 1993; Radvansky, Copeland, & Zwaan, 2005). Micro-time in auto-
biographical memories can also be supported by causal inference (i.e., X always occurs by
Y), schema and script knowledge (e.g., restaurant script), and personal semantic memory
(e.g., always ordering dessert before a main). Temporal-sequence within an autobiographical
memory can be described in terms of temporal resolution from higher-order temporal details
that outline the grosser temporal structure (e.g., first date episode: had dinner, watched a
concert, went out for a drink) to lower-order temporal details that fill in the temporal struc-
ture more precisely (e.g., had dinner: sat down, read menu, ordered food, ate food, paid
bill, etc.) (St-Laurent et al., 2011). Lower-order temporal details can be thought as of the
order of sub-events within an event (e.g., had dinner event). There is a large literature on
ordering within events (see Bauer, 2007, for a review of children’s memory for the ordering
of sub-events within event sequences). The ordering of sub-events will not be the focus of
this chapter.

b. Objective vs. subjective concepts of time. Autobiographical events can be temporally oriented
with respect to both objective time points, such as calendar time (e.g., in September, last
year, etc.), and subjective time points, such as a particular life-time period (e.g., when I
was in graduate school, when I lived in Toronto, etc.). Calendar dating of autobiographical
experiences can sometimes be quite accurate, especially for recent events (Rubin & Baddeley,
1989; for review, see Larsen, Thompson, & Hansen, 1996). When errors in dating do occur,
however, they often follow a pattern referred to as telescoping, where dates are moved forward
or backward with respect to the present as though time had been compressed just as a telescope
compresses distance (Huttenlocher, Hedges, & Bradburn, 1990; Rubin & Baddeley, 1989;
Thompson, Skowronski, & Lee, 1988). Adults tend to state that more distant events occurred
more recently than they actually occurred (forward telescoping), and more recent events
occurred more distantly than they actually occurred (reverse telescoping). Certain types of
objective time (e.g., specific dates) do not seem to contribute to autobiographical memory. For
example, absolute dates are poor cues to elicit memory and are rarely included in verbal accounts
of memory (e.g., Barsalou, 1988; Brewer, 1988; Wagenaar, 1986) unless the date happens
to be distinctive or critical to the memory (e.g., birth of child, marriage, 9/11, etc.). One
explanation is that, rather than explicitly coded into an autobiographical memory, objective
time is reconstructed or inferred from existing information such as temporal landmarks (i.e.,
before/after spring break), temporal schemata (i.e., daily routines), and specific memory detail
(i.e., remembering wearing a heavy jacket, one can infer that it is winter; for review, see
Friedman, 2004; Larsen et al., 1996). As far as we know, all investigations of the development
of temporal memory (e.g., Friedman, 1991; Friedman & Kemp, 1998; Friedman, Reese, &
Dai, 2011; Pathman, Larkina, Burch, & Bauer, 2013) have examined these more objective
concepts of time. Further, objective time can be located in relation to seconds, minutes, hours,
days, weeks, months, or years, or all of these. The majority of studies that have investigated the
development of temporal memory have asked children to locate events to days (e.g., Christmas
day), weeks, months, and years.

In contrast, subjective concepts of time seem to play a much larger role in autobiographi-
cal memory. Lifetime periods organize autobiographical memory and contribute to memory
construction (Conway & Pleydell-Pearce, 2000), such that they are featured earlier than other
types of information during memory retrieval, and elicit specific experiences faster than other
cues (Barsalou, 1988; Conway & Bekerian, 1987). Temporal ordering of events that occurred
in different life periods is more accurate than events from within the same life period (for
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review, see Friedman, 2004). Similarly, Brown, Shevell, and Rips (1986) found that the
temporal-ordering of non-political public events was faster and more accurate when it was
based on life periods (i.e., high school versus college) than on presidential periods (i.e., Rea-
gan versus Carter). The boundaries between lifetime periods (i.e., end of graduate school, start
of post-doctorate) are particularly important for structuring and temporally orienting auto-
biographical experiences, such that more events are retrieved from boundaries, and these
transition points often serve as temporal landmarks in dating autobiographical memories
(Pillemer, Rhinehart, & White, 1986; Robinson, 1986; for review, see Shum, 1998).

c. Subjective sense of time: Chronesthesia. Not only do subjective concepts of time figure promi-
nently in autobiographical memory, the subjective sense of time is also critical for locating
memories in the personal past and re-experiencing them as part of that past. The subjective
sense of time has been termed chronesthesia: the awareness of the past, present, and future
(Tulving, 2002). Chronesthesia is a capacity that allows us to consider our continued exis-
tence in time (Dalla Barba, 2001; Szpunar, 2011; Tulving, 2002). Chronesthesia is closely
related to autonoetic (or “self-knowing”) consciousness, which is the awareness that a par-
ticular retrieved event is part of one’s own past (e.g., Tulving, 2002). Whereas chronesthesia
emphasizes the awareness of subjective time, autonoetic consciousness emphasizes the specific
role of the experience of self in subjective time. It is theorized that both autonoetic conscious-
ness and chronesthesia allow us to mentally time-travel to re-experience past events and project
ourselves into the future (Tulving, 2002; Wheeler, Stuss, & Tulving, 1997). Although this
is debated, a predominant view in the literature is that very young children do not have the
capacity for chronesthesia (e.g., Wheeler et al., 1997). Another aspect of the subjective sense
of time is the subjective impression of duration: memory for how much time has elapsed from
the start to the end of a past event. We will not be discussing memory for duration in this
volume (see Block & Zakay, 2008; Friedman, 2008, for reviews).

d. Laboratory or staged events vs. naturally occurring events. Two methodological approaches
are utilized in both the adult and developmental memory literatures to examine memory for
past events (also see discussion by Friedman, this volume). In the first approach, children
and adults encode events during an experimental session. Participants may be asked to view
pictures on a computer screen in a laboratory, or participate in staged events, and then later
be asked about the temporal information associated with those events (e.g., Friedman, 1991;
Friedman & Lyon, 2005). This approach is advantageous because experimenters maintain a
high level of control during the encoding of the events, and accuracy of memory for the events
(including when the event occurred) can be verified. The disadvantageous of this approach
is that laboratory and staged events are likely to be less meaningful and personally relevant,
compared to events experienced outside the laboratory.

In the second approach, researchers ask children (e.g., Bauer, Burch, Scholin, & Güler,
2007; Fivush, Gray, & Fromhoff, 1987; Fivush & Haden, 1997) and adults (e.g., Rubin,
1982; Rubin & Kozin, 1984) to talk about personal past events that they have experienced
outside the laboratory. This approach is advantageous because the events are likely to have a
high degree of personal significance and thus high ecological validity. The disadvantage is that
accuracy of the temporal information associated with the event cannot be verified. Researchers
can overcome this challenge by asking parents of child participants to keep a calendar of
events for a specified interval (e.g., Pathman, Larkina et al., 2013), or by asking children
to photograph events and then test their memory using those photographs (e.g., Pathman,
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Doydum, & Bauer, 2013; Pathman et al., 2011). This approach allows researchers to maintain
both experimenter control and ecological validity.

e. Remote vs. recent events. Autobiographical memories cover a large time span including
events that occurred in the very recent past (e.g., hours to weeks old), as well as more remote
periods (i.e., years to decades old; for review, see Cabeza & St. Jacques, 2007). Recent versus
remote autobiographical events differ in terms of the age of the participant during memory
formation, and could reflect memories encoded at different developmental stages. Further,
the age of the event may also influence memory properties. Recent events tend to be more
vivid and contain a greater number of specific or episodic details, whereas remote events tend
to be less vivid and contain more generic information or semantic details. Because episodic
details can be temporal in nature (e.g., “On Christmas day”) or encompass other details that
allow for logical inference or reconstruction of temporality (e.g., “We were wearing heavy
jackets, so it must have been winter”), a reduction in the amount of episodic details in remote
memories potentially reduces the ability and accuracy to temporally place these experiences
(e.g., Thompson et al., 1996). In addition to such quantitative differences in the amount
of detail, recent and remote memories may qualitatively differ from one another. Remote
memories can become more semanticized over time, due to additional experience or retrieval
attempts that incorporate unique autobiographical experiences with previous knowledge (for
review, see Moscovitch et al., 2005), and may lose their episodic quality and associated sense
of re-experience.

f. Summary. We discussed several conceptual issues relating to the study of memory for tempo-
ral information. The temporal scale in which autobiographical experiences can be remembered
varies from macro-time to micro-time. Macro-time refers to the more global temporal structure
on which the episodes of one’s life can be arranged. Micro-time refers to the sequence of events
within an episode and can vary in temporal resolution. Further, the times of autobiographical
events can be remembered in terms of objective or subjective concepts of time. Objective time
points refer to calendar time (e.g., calendar date, month, or year), whereas subjective time
points refer to those that are personally oriented (e.g., when I was in high school). Last, we
discussed the concept of chronesthesia, the subjective sense of time. Chronesthesia is theorized
to allow one to mentally go back in time to re-experience past events.

In the previous sections, methodological differences in the literature on memory for temporal
information were also discussed. Participants’ memory for temporal information associated with
past events have been tested either using laboratory-based events or events experienced outside
the laboratory. Further, researchers have tested remote events (e.g., events that occurred years
or decades in the past) and more recent events (e.g., events that occurred with the past few days
or hours). Methodological differences can make it challenging to compare results of studies
directly. However, methodological differences are necessary to help us understand the limits
of accuracy in memory for temporal information.

Locating Naturally Occurring Events in Time

There is a small corpus of studies that have examined the development of temporal memory
using naturally occurring events. In a study with 4-, 6-, and 8-year-olds, Pathman, Larkina
et al. (2013) investigated children’s memory for the ordering of two events, and their ability to
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place the events on a conventional timescale (e.g., month). Over a four-month period, parents
recorded on a calendar unique events in which their children participated. Researchers used
this calendar to obtain a verifiable assessment of children’s accuracy when dating events. When
children were asked to make a relative recency judgment for two events (i.e.: “Which event came
first?” “Which came after?”), researchers found significant age-related improvements. In fact,
4-year-olds did not answer more accurately than would be expected by chance; performance
of 6-year-olds and 8-year-olds was reliably above chance. Age-related improvements were also
found when researchers asked children to place events on conventional timescales (children
judged the time of day, day of week, month, and season that the events occurred). Older
children were more accurate than younger children on all timescales, except the time-of-
day judgment. These findings are consistent with previous studies using staged events by
Friedman and colleagues (e.g., Friedman, 1991), and suggest that there are significant age-
related changes in memory for temporal information in young childhood.

Two studies examined memory for temporal information using personal past events in middle
to late childhood. Bauer et al. (2007) asked children who were 7–10 years old to generate
memories of specific one-time events associated with neutral cue words (e.g., pencil). Children
were told they could use events that occurred at any time in their lives; however, the majority of
events (85%) that participants provided occurred within three years of test. Children were asked
to locate these autobiographical events in time. Specifically, they were asked to provide their
age at the time of the event and the season of the event. To help each child respond, she/he was
provided with a timeline (made up of photographs of the child from each year of her/his life),
and line drawings to represent the four seasons. Researchers used parent’s retrospective reports
to verify the accuracy of the events. They found that children were 89% accurate in judging
their age at the time of the event and 79% accurate in judging the season in which the events
occurred. This study shows that children in middle childhood can locate autobiographical
events in time, and that their dating of the events is consistent with that of their parents.

In a study with slightly older children, Friedman et al. (2011) investigated children’s ability
to place personal past events on conventional timescales. Parents nominated events that their 8–
12-year-old children participated in. Children were asked which calendar year, month, season,
time of day, and year in school the events took place in. In addition, children participated
in a conventional time knowledge test, in which they were asked to order the months in the
calendar year backward and match annual scales with parts of the year. Researchers found
that the time estimates of the events provided by children were highly consistent with their
parent’s estimates. Interestingly, they did not find age-related improvements within the age
range of children tested on the time estimates. They did, however, find that older children
scored higher on the conventional time knowledge test than younger children. Further the
scores on the conventional time knowledge test was positively correlated with accuracy (as
assessed by parental retrospective report) of the time estimates of the personal past events.

Taken together, these studies suggest that the majority of age-related changes in children’s
memory for temporal information for personal past events occur between the preschool and
early childhood years, and less age-related improvement occur in late childhood. However,
without an adult comparison, it is difficult to determine whether performance of children
in late childhood is adult-like. Research with adults suggests that even adults are challenged
when ordering events from their lives. For example, Burt, Kemp, Grady, and Conway (2000)
asked adults to photograph various events from their lives over about a 2-week period. In
the laboratory, they asked adults to order their photographs, and as a group, only 53% of
photographs were positioned correctly. If adults also show relatively low performance, then it
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is imperative to directly compare children and adults, to determine the developmental trajectory
of performance.

One study did directly compare children and adults by using a photo-taking paradigm like
that of Burt and colleagues (see Burt, 2008, for review). In Pathman, Doydum et al. (2013),
over a 4-week period, 8–10-year-olds and adults used disposable cameras to photograph
events every day. After this period, in the laboratory, researchers asked participants to order
pairs of their photographs (primacy/recency task). To vary the level of challenge, the pairs of
photographs were selected from non-adjacent weeks (e.g., week 1 and week 3; large temporal
distance between events), adjacent weeks (e.g., week 1 and week 2; medium temporal distance
between events), and within weeks (e.g., both photographs taken in week 1; small temporal
distance between events). In addition, participants were asked to order a set of 12 photographs
that spanned the 4-week period. In the primacy/recency task, across age groups, participants
were more accurate when the temporal distance between events was larger. Additionally, there
were significant age group differences: adults were more accurate at judging the temporal
order of pairs of events compared to children. Thus, 8–10-year-old children’s performance in
this task was not adult-like. However, when participants were asked to order a larger set of
photographs across the 4-week period, children and adults performed similarly. For example,
there was no statistical difference between children and adults in one measure of their ordering
accuracy, which the authors call “exact location”: for both children and adults, less than 40% of
photographs were positioned in the correct place. This is comparable to performance by adults
in Burt et al. (2000). The authors interpret the relatively low performance in the ordering
task by all participants, including adults, as signaling that accurately remembering the precise
order of past events may not be a distinctive feature of adult-like autobiographical memory.
However, more research is needed to determine if this is the case.

In summary, the findings in the preceding text show that there are significant age-related
improvements in memory for temporal information associated with personal past events in
preschool children and into middle childhood. Further research is needed to obtain a develop-
mental trajectory of performance. For example, the study by Pathman, Doydum et al. (2013)
showed that, in some temporal tasks, children and adults perform comparably, whereas in
other temporal tasks differences emerged. This research highlights the need for further work
to understand the types of tasks or conditions in which children’s memory for temporal infor-
mation is adult-like, and for what conditions there is protracted development. Further, such
research has implications in legal settings, where legal professionals may expect adult-like accu-
racy or reduced accuracy from children, depending on the nature of the questioning about time.

Integrating Temporal Memory for Events into Our Autobiography

The previous section describes a limited number of studies which show that children are able
to recall temporal information about specific past events. Next, we discuss children’s capacity
to integrate temporal information into their narratives. As Fivush (2007) writes, narratives are
“canonical linguistic frameworks that organize event memories into comprehensible chrono-
logical and causal sequences of events in the world” (p. 47; italics added). The construction
of an autobiographical life story, for example, depends on our ability to order the events of
our lives through temporally coherent narratives (Habermas & Bluck, 2000). These narra-
tives can include temporal information relating to the ordering of specific past events, or can
include information about multiple events that span life periods, and include summary events
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(e.g., my relationships). Given the importance of temporal frameworks in narratives, we are
led to the following question: when in development is the spontaneous inclusion of temporal
information apparent and reliable in children’s narratives?

Children as young as 2 or 3 years of age provide simple narratives about events they experi-
enced in the past (e.g., Fivush et al., 1987). These narratives, however, have little orientation
to context (e.g., when or where events occurred). Throughout the preschool years, children
provide more and more simple temporal markers (e.g., words referencing chronological time,
such as “next” or “after”) in their narratives (Fivush, Haden, & Adam, 1995). In middle child-
hood, more complex temporal markers or information are apparent in narratives. For example,
Bauer et al. (2007) found that approximately half of the narratives that 7–10-year-old children
generated to describe events of their past included some indication of time (e.g., order of
events within a sequence or placement on a conventional timescale). Thus, children in middle
childhood spontaneously provide some temporal information in their descriptions of personal
past events.

The ability to provide information about the temporal information and to order events
chronologically in narratives, temporal coherence (Habermas & Bluck, 2000; Habermas & de
Silveira, 2008; see also Bohn & Berntsen, 2008), continues to increase into adulthood. In
a large-scale study with 8-, 12-, 16-, and 20-year-olds, Habermas and de Silveira (2008)
examined narratives for temporal coherence and temporal indicators. Temporal coherence was
scored based on an independent rater’s ability to follow the temporal sequence of events or the
timing of the events within the participant’s lives. Temporal indicators were determined based
on points in the narratives when participants indicated a life phase (e.g., “when I was a baby”),
their age (e.g., “when I was 9 years old”), a calendar date (“in 2001”), or distance from
the present (e.g., “2 years ago”). Both the rating of temporal coherence and proportion of
temporal indicators in narratives showed consistent age-related increases across the age ranges
tested. Thus, temporal information provided in narratives of personal past events emerges in
the preschool years and continues to develop into adulthood.

Neural Mechanisms of Time in Autobiographical Memory

Functional neuroimaging and neuropsychological studies can provide insight regarding the
nature of time in autobiographical memory by revealing the neural mechanisms supporting
these processes. Autobiographical memory retrieval recruits multiple brain regions that form
interacting networks (Cabeza & St. Jacques, 2007; St. Jacques, Kragel, & Rubin, 2011).
Damage within these neural networks annihilates one’s place in time, leading to a sense
of “blankness” (Tulving, 1985). In particular, two brain regions have been the focus of
functional neuroimaging studies of memory for time: (1) the medial temporal lobe (MTL;
e.g., Agster, Fortin, & Eichenbaum, 2002; Fortin, Agster, & Eichenbaum, 2002; Kumaran &
Maguire, 2006; Lehn et al., 2009), and (2) the prefrontal cortex (PFC; Cabeza et al., 1997;
Mangels, 1997; Milner, 1982; Schacter, 1987; Shimamura, Janowsky, & Squire, 1990). In
the text that follows, we discuss the role of each of these regions as it relates to time in
autobiographical memory.

Medial temporal lobe. The MTL, especially the hippocampal and parahippocampal subregions
linked to recollection (for review, see Diana, Yonelinas, & Ranganath, 2007), supports many
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of the temporal aspects of autobiographical memory. Temporal location of autobiographical
memory (i.e., the recency or remoteness of memories) does not uniquely modulate MTL
recruitment (e.g., Addis, Moscovitch, Crawley, & McAndrews, 2004; for review, see Cabeza &
St. Jacques, 2007), although differences in this region may emerge when the age of the
participant, rather than the age of the memory, is examined (e.g., St. Jacques, Rubin, & Cabeza,
2010). Instead, the MTL contributes to both temporal order memory and the subjective sense
of time in autobiographical experiences.

The MTL supports temporal order memory for autobiographical experiences at both micro-
and macro-timescales. For example, St-Laurent et al. (2011) examined the micro-timescale
of autobiographical memories in patients with unilateral temporal lobe epilepsy. Patients and
matched controls were asked to recall autobiographical memories, and verbal output was coded
for temporal order details and temporal coherence. They found that patients were impaired on
the low-level details or finer temporal resolution within their autobiographical memories (e.g.,
minute-by-minute unraveling of episode), despite intact recall of higher-order temporal details
(i.e., gross temporal structure; e.g., ordering events within an episode). In light of patients’ lack
of perceptual details for these same memories, St-Laurent et al. (2011) suggested that, rather
than directly affecting temporal order memory, hippocampal damage influences the recovery
of contextual details which in turn influences temporal resolution. At the macro-timescale,
St. Jacques et al. (2008) examined the neural correlates supporting temporal order memory
for recent autobiographical experiences using functional MRI. A photo paradigm was used to
elicit temporal order memory for autobiographical experiences during functional scanning, in
which college undergraduates took photographs of campus locations in a particular temporal
order, and in a scanning session the next day were shown pairs of photographs taken from their
camera and asked to judge which photograph was taken more recently. In order to examine
the different processes contributing to temporal order memory at the macro-level, St. Jacques
et al. (2008) manipulated the time lag between pairs of photos to influence the involvement
of reconstruction (shorter time lags) versus distance (longer time lags) processes. They found
that the MTL, including the right posterior paraphippocampal cortex and left hippocampus,
was recruited to a greater extent for temporal order decisions at shorter versus longer time lags.
St. Jacques et al. (2008) interpreted these findings by suggesting that the MTL contributes
to temporal order memory for autobiographical memory by retrieving contextual details that
support reconstruction-based processes.

The MTL also supports the subjective sense of self in time, knowledge of the self that is
enduring in time. Damage or dysfunction to the MTL affects autonoetic consciousness for
the past (e.g., Noulhiane et al., 2008) and the extended representation of the self in time that
includes the future (e.g., Hassabis, Kumaran, Vann, & Maguire, 2007). To take one recent
example, Park, St-Laurent, McAndrews, and Moscovitch (2011) examined the language used
in autobiographical narratives retrieved by unilateral temporal lobe epileptic patients with dys-
function in the MTL and measured the subjective sense of self in time by coding narratives
for the use of the historical present, which refers to the use of the present tense to refer
to the past. When the past is referred to using the historical present (e.g., “It is raining”),
rather than the past tense (e.g., “It was raining”), it suggests a sense of re-experience in
the present moment or reliving, which is the hallmark of autonoetic consciousness (Tulving,
1985). Park et al. (2011) found reductions in the historical present in patients’ narratives,
indicating a reduction in autonoetic consciousness when compared to healthy controls. Inter-
estingly, use of the historical present was positively correlated with the number of lower-
order temporal details, along with other contextual information, suggesting that autonoetic
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consciousness is associated with temporal resolution of autobiographical memories. Park et al.
(2011) interpreted these findings to suggest that MTL damage disrupts autonoetic conscious-
ness. Several fMRI studies have also observed that hippocampal activity is greater for memories
associated with a greater sense of reliving during recall (e.g., Daselaar et al., 2008; St. Jacques,
Conway, & Cabeza, under review; for review, see St. Jacques & Cabeza, 2012). As with tempo-
ral order, however, the MTL does not seem to directly support the subjective sense of time per
se (i.e., chronesthesia), but enhances the subjective sense of self in time during autobiograph-
ical memory via its role in the retrieval of memory content (Nyberg, Kim, Habib, Levine, &
Tulving, 2010).

Prefrontal cortex. Damage to the frontal system impairs strategic aspects of retrieval that orga-
nize and evaluate the contents of memory, contributing to the temporal placement of autobi-
ographical memories and the sense of self in time (e.g., Thaiss & Petrides, 2008; for review,
see Wheeler et al., 1997). In particular, dorsolateral and ventromedial subregions of the PFC
have been attributed to temporal components in autobiographical experiences. The dorsolat-
eral PFC is associated with controlled manipulation and monitoring of recovered information,
which may contribute to temporal inference of autobiographical memories via reconstruc-
tion or distance-based processes. For example, in the aforementioned photo paradigm study
(St. Jacques et al., 2008), left versus right dorsolateral PFC differentially contributed to recon-
struction (shorter time lags) and distance (longer time lags) processes, respectively. The authors
interpreted this finding in light of functional neuroimaging evidence linking left PFC to rec-
ollection processes and right PFC to familiarity processes (e.g., Dobbins & Wagner, 2005;
Henson, Rugg, Shallice, Josephs, & Dolan, 1999). Similarly, the hemispheric asymmetry of
the PFC fits with the systematic–heuristic distinction (Nolde, Johnson, & Raye, 1998) linked
to the source-monitoring framework (Johnson, Hashtroudi, & Lindsay, 1993). According
to this account, systematic processes involve the retrieval of more detailed information that
engages greater reflection and evaluation, such as during source memory attributions, and relies
on left PFC. In contrast, heuristic processes involve the simple maintenance of information and
comparison of that information to a response criterion, such as during simple item-recognition
tasks, and relies on right PFC. Thus, reconstruction of temporal order for autobiographi-
cal experiences at shorter time lags requires controlled manipulation over recovered memory
details, whereas distance-based inference depends on simple monitoring of memory strength.
Consistent with the importance of the left PFC in exerting control over the outcome of
mnemonic processes, temporal memory for autobiographical experiences also increases func-
tional connectivity between the left PFC and hippocampus (St. Jacques, Rubin, Lowder, &
Cabeza, 2009).

In contrast, the ventromedial PFC may support the sense of the self in subjective time.
Ventromedial PFC supports temporal parsing of discrete episodes during memory encoding
(Ezzyat & Davachi, 2011), and its damage along with that of the nearby basal forebrain
can sometimes lead to temporal confusion among autobiographical memories (Gilboa &
Moscovitch, 2002; Tranel & Jones, 2006). Functional neuroimaging studies have linked
the ventromedial PFC to self-referential processes that support autonoetic consciousness (for
review, see Gilboa, 2004; St. Jacques, 2012). For example, in a recent fMRI study, St. Jacques,
Conway, Lowder, and Cabeza (2011) investigated the contribution of the ventromedial PFC
to the ability to self-project to the personal past. In this study, participants generated cues
to elicit autobiographical memories by wearing a digital camera with automatic sensors to
capture photographs of daily life. During functional scanning, participants were shown short
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event “movies” composed of photographs from their own life (self) or another individual’s
life (other) and were asked to re-experience or understand the self versus other perspectives,
respectively. St. Jacques, Conway et al. (2011) showed that projection to the personal past
recruited ventromedial PFC, whereas projection to another person’s perspective recruited
dorsomedial PFC. Further, the ventromedial PFC was sensitive to trial-to-trial variation in the
sense of autonoetic consciousness as measured by online reliving ratings. Consistent with the
contribution of contextual information to reliving, ventromedial PFC was also functionally
connected with the MTL network supporting memory (Kahn, Andrews-Hanna, Vincent,
Snyder, & Buckner, 2008). St. Jacques, Conway et al. (2011) interpreted these findings
by suggesting that the ventromedial PFC contributes to the subjective sense of self in time by
directing the construction of mnemonic information.

Summary. Evidence from functional neuroimaging and neuropsychological studies suggest
that both the MTL and PFC are important for temporal aspects of autobiographical memory.
Consistent with behavioral theories (Friedman, 1993, 2004), the evidence reviewed here
suggests that time is not explicitly coded in the brain. Instead, neural regions such as the MTL
and PFC support time in autobiographical memory via retrieval of contextual information
and controlled processes, which support the reconstruction of memories that allow time to
be inferred and consciously experienced. It is likely that other neural regions in the networks
supporting AM that track recollection will also contribute, such as the posterior midline, lateral
parietal cortex, and visual cortex, etc. (e.g., Arzy, Molnar-Szakacs, & Blanke, 2008). Further,
given the role of the multiple networks that contribute to autobiographical memory (e.g., St.
Jacques, Kragel et al., 2011), interactions among these regions may be particularly important
for representing temporal characteristics of the personal past.

Development of the Brain Regions Implicated in Temporal Memory

As one can see, a lot of progress has been made in understanding the neural mechanisms
underlying memory for temporal information for personal past events. As of yet, however,
there is no published study in which neuroimaging methodology has been used to examine
the development of this capacity. Nevertheless, we can make inferences about what to expect
in children based on what we know about the development of the brain regions implicated in
memory for temporal information. There is evidence that the brain continues to develop in
childhood and beyond. Maturation in gray and white matter has been reported in even late
adolescence (Caviness et al., 1996; Giedd et al., 1999, 2006; Sowell, Delis, Stiles, & Jernigan,
2004). At approximately 5 years, the brain is 90% of the adult volume (Kennedy et al., 2002),
and the period from 7 to 11 years has been described as the “final critical phase of brain
growth” (Caviness et al., 1996). Furthermore, the brain regions implicated in memory for
temporal information and autobiographical memory, namely the medial temporal lobe and
the frontal lobe, show especially protracted development.

In fact, the development of the medial temporal lobe may be more protracted than once
thought (e.g., Nelson, 1995). There are still gradual increases in hippocampus volume into
adolescence (Gogtay et al., 2006; Pfluger et al., 1999). Further myelination of the hippocam-
pal regions continues into adolescence (Arnold & Trojanowski, 1996; Schneider, Il’yasov,
Hennig, & Martin, 2004). As a result, we might expect behavioral changes in memory for
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temporal information supported by the hippocampus, for example, to continue into late child-
hood and into adolescence. This is consistent with recent fMRI studies in which children
in middle to late childhood show protracted hippocampal development (differential patterns
of activation compared to adults) at encoding (e.g., Ghetti, DeMaster, Yonelinas, & Bunge,
2010) and retrieval (Paz-Alonso, Ghetti, Donohue, Goodman, & Bunge, 2008).

The prefrontal cortex, the other brain region implicated in remembering (and reconstruct-
ing) “when” information, may continue to develop well into adolescence. Synapses in the
frontal lobe continue to be pruned in late adolescence (Huttenlocher, 1979). Further, changes
in gray matter volume, connectivity between brain regions, and myelination also continue into
adolescence (Johnson, 1997; Klingberg et al., 1999; Schneider et al., 2004). Additionally,
the connections between the hippocampus and frontal structures are not complete until late
in development (e.g., Fuster, 2002). Thus, the development of the prefrontal cortex may be
especially protracted. It is not surprising, then, that neural activation during encoding in the
dorsolateral prefrontal cortex, for example, becomes increasingly associated with successful
memory retrieval between 8 and 24 years of age (Ofen et al., 2007).

Thus, we see that there is a protracted development in some of the neural structures that
are known to be involved in episodic and autobiographical memory, especially those having
to do with temporal memory. Thus, these neural changes may help to explain some of the
corresponding changes in memory for temporal information for autobiographical events in
development. In future studies, we may be able to determine whether there is a direct link
between age-related improvements in memory for temporal information and specific changes
in the medial temporal lobe, prefrontal cortex, and the connections between them.

Conclusion: Summary, Missing Pieces, and Future Directions

As adults, we rely on memory for temporal information when recounting our past and when
organizing past events into our life story. The goal of this chapter was to review what is
known about the development of this capacity. Our review suggests that there is protracted
development for temporal memory for personal past events. Based on the relatively few studies
that have examined this, we can conclude that this type of memory emerges over the preschool
and early childhood years (e.g., Pathman, Larkina et al., 2013; see also review of studies using
staged events in Friedman, this volume), and continues to develop through adolescence (e.g.,
Habermas & de Silveira, 2008). As highlighted by this chapter, further research is needed
to more thoroughly understand the development of memory for temporal information as it
relates to autobiographical memory.

First, additional studies are needed in which temporal memory for autobiographical past
events are examined in children of different ages (preschool through adolescence). Future
studies could use naturally occurring past events (for which experimenters can obtain objective
information about when those events occurred), and include an adult comparison group. This
would allow us to build a developmental trajectory of performance. Second, in future investi-
gations, researchers can examine the relation between memory for temporal information and
autobiographical memory development. As discussed in Bauer (2007), there are indications
that memory for temporal information is involved in the emergence of autobiographical mem-
ory (e.g., McCormack & Hoerl, 2001; Nelson & Fivush, 2004); however, no studies have
directly examined this. Third, additional investigations about how memory for different types
of temporal information is related to each other would be useful. We discussed the finding
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that, with age, there are increases in the number of temporal markers in autobiographical nar-
ratives (Habermas & de Silveira, 2008). Future studies could examine how temporal markers
in autobiographical narratives and the capacity to order past events (e.g., primacy/recency
task) are related to each other, and to the development of adult-like autobiographical memory
and the creation of the life story.

Additional “missing pieces” in the developmental literature are found by revisiting the con-
ceptual and methodological issues discussed earlier in the chapter. We discussed that memory
for subjective time concepts may be more related to reconstruction and autobiographical mem-
ory than objective time concepts. Yet, no study has examined the development of memory for
subjective time as it relates to personal past events. It is possible that there would be differ-
ent developmental trajectories of performance for temporal memory of past events oriented
to subjective time compared to objective time. Further research is warranted. Additionally,
investigations about how, or whether, development of memory for the times of personal past
events is related to a sense of time, autonoetic consciousness, and chronesthesia would help
our understanding of the development of autobiographical and episodic memory. Macro-time
versus micro-time is another area of investigation that has limited developmental research.
We know a fair amount about infants’ and young children’s memory for the order of events
within a sequence encoded in the laboratory (elicited imitation paradigm; see Bauer, 2007,
for review). However, we know relatively little about how children remember the order of
sub-events within autobiographical events and how this may be similar to memory for the
order between distinct autobiographical events. Furthermore, little is known about temporal
memory for remote events compared to recent events in development. Of course, it is difficult
to study very remote events in a 5-year-old, compared to a 50-year-old. However, a more
comprehensive understanding of the limitations of temporal memory would be gained by test-
ing children’s memory for distant events (e.g., years; Friedman et al., 2011) to more recent
events (e.g., hours, days).

The last “missing piece” in the literature is research on the factors that contribute to the age-
related improvements in memory for temporal information associated with autobiographical
events. One of the contributing factors is the development of the underlying neural processes
and structures that support temporal memory. As discussed in this chapter, no neuroimaging
study has investigated temporal memory for autobiographical events in children. Investigations
targeting the medial temporal lobe and frontal cortex are the logical places to start. However,
given the suggestions that memory for autobiographical events and temporal memory may
recruit a larger network of areas (e.g., St. Jacques, Kragel et al., 2011), it would also be
fruitful to examine how other brain regions and the interactions between regions develop
across childhood and into adolescence. In addition, research is needed to understand what
other factors (e.g., cultural or social interaction variables; see Nelson & Fivush, 2004) help to
drive the development of memory for temporal information. Filling in the “missing pieces”
outlined here will help us to better understand the development of the capacity to locate events
in personal time.
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