
127 Copyright 2001 Psychonomic Society, Inc.

Memory & Cognition
2001, 29 (1), 127-136

Over the past 2 decades there have been several inten-
sive examinationsof autobiographicalmemory (e.g., Burt,
1992a, 1992b; Linton, 1978;Wagenaar, 1986). One of the
dominant features of this work is its reliance on cross-
sectional data sets. Although memory for events with
vastly different retention intervals has been examined, re-
call has typically been at one point in time. Despite this,
there have been many conclusionsdrawn about the causal
relations between elapsed time and autobiographical
memory processes. In particular, research on the retrieval
of the time of an event’s occurrence has devoted consid-
erable effort to identifying how error patterns might vary
with event age and what processes might explain such er-
rors. The research reported in this paper examined tem-
poral memory error patterns and tested theories of tem-
poral memory using a within-subjects repeated measures
design that provides a unique view of the influence of
elapsed time on temporal memory. A group of diarists
whose memory for events was first examined in 1987–
1988 (referred to as Test 1) was contacted and retested in
1997–1998 (referred to as Test 2). Their ability in the two
tests to estimate the duration of their experiences and date
when events occurred is compared.

Two temporal aspects of memory were central to this
study: the estimation of event duration and the retrieval of

date information. We consider duration estimation first.
There is a long history of research on both memory for
and the perception of duration (see Fraisse, 1984, for a
review). Much of this work has examined duration esti-
mation under controlled laboratory conditionsusing stim-
uli such as clicks (e.g., McConchie& Rutschmann,1971),
electrical current (e.g., Ekman, Frankenhaüser, Levan-
der, & Mellis, 1966), a moving spot (e.g., Rachlin, 1966),
music (e.g., Kowal, 1987), and performance of a mathe-
matical task (e.g., Burnside, 1971).

In contrast to this laboratory research there is a limited
number of studies that have required individuals to esti-
mate the duration of everyday events. Schneider, Griffith,
Sumi, and Burcart (1978) asked crime victims to estimate
the time it took for the police to arrive at the crime scene
and found estimates were generally longer than those
recorded. Baddeley, Lewis, and Nimmo-Smith (1978)
asked members of an experimental psychology research
panel to recall the duration of previous visits to the lab-
oratory and reported estimates that were not significantly
different from the actual durations. Douglas and Blom-
field (1956) used hospital records to assess the accuracy
of mothers’ recall of the duration of their child’s hospital-
ization. A correlation of .94 was found between actual and
estimated duration. Mednick and Shaffer (1963) com-
pared pediatricians’ records with mothers’ estimates of
their breast-feeding duration and found a tendency to-
ward overestimation.Pyles, Stolz, and MacFarlane (1935)
used archival records obtained from hospitals, physicians,
and public health nurses to assess the accuracy of moth-
ers’ estimates of the duration of labor, obtained approx-
imately 21 months after birth. A correlation of .61 was
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obtained between estimates of duration of labor and re-
corded duration.

The initial (Test 1) examination of the duration esti-
mation abilitiesof the participants in this study (e.g., Burt,
1992a) used autobiographical events and compared esti-
mates with records showing the actual duration of the
events. That work, and a number of subsequent studies
(e.g., Burt 1993, 1999; Burt & Kemp, 1991, 1994; Burt
& Popple, 1996) concluded that duration estimation for
everyday events involvedconsiderable reconstructivepro-
cessing. The reconstructionof event duration is suggested
to begin with the classification of the target event as be-
longing to a particular category. This classification pro-
vides access to general knowledge that the individualhas
regarding the typical characteristics of that type of event.
For events that have a typical duration (e.g., a holiday
normally lasts for a specific period of time), this tempo-
ral attribute would probably be available. It was shown in
Burt and Kemp (1991) that increased experience with an
event category reduced the between-subjects variation in
duration estimates, suggesting that with experience indi-
viduals tend to agree more as to the typical duration of
particular types of events. The accuracy of reconstructed
duration estimates that are based on retrieval of typical
event duration was shown in Burt (1993) to depend on the
typicality of actual event duration and the individual’s
ability to use his/her memory of the event to adjust his/her
reconstructed estimate for atypical event characteristics.

Such an explanation of the role of event memory in
duration estimation is in contrast to a number of other
models of duration estimation, the most dominant of
which are Ornstein’s (1969) storage size hypothesis and
Block and Reed’s (1978) contextual change hypothesis.
The storage size hypothesis suggests that the amount of
information that is stored in memory about an interval is
positively related to how long that interval is estimated
to be. In contrast, Block and Reed argued that estimated
duration is related to the number of stimulus changes oc-
curring within an interval. A number of laboratory stud-
ies have supported these models, finding that an interval
that contains complex, unfamiliar, less predictable, or
more numerous components is generally estimated to be
significantly longer than an interval of similar duration
containing simpler (e.g., Block, 1978, Experiment 2;
Schiffman & Bobko, 1974), more familiar (e.g., Avant &
Lyman, 1975), more predictable (e.g., Ornstein, 1969), or
fewer (e.g., Buffardi, 1971; Burnside, 1971; Poynter &
Homa, 1983; Schiffman & Bobko, 1977; Thomas &
Brown, 1974) components. The latter finding, relating to
the number of components within the interval, is fre-
quently referred to as the filled-duration illusion. Burt
(1992a) found no influence of the amount of event con-
tent on estimated duration.

The evidence that a reconstructive model accounts
rather well for the diarists’ duration estimation abilities
prompted the prediction that there would be very little
change in their Test 2 estimates relative to the Test 1 es-

timates. Some variation might be expected if loss of
memory for an event reduced the ability to adjust esti-
mated duration for atypical event characteristics. How-
ever, this might be compensated for by the extra years of
experience, which may have increased knowledge of typ-
ical event duration and thus made reconstructed esti-
mates more accurate, particularly where actual event du-
ration was typical.

We turn now to event date estimation. A number of
studies have used single-word or phrase prompts to fa-
cilitate the recall of specific autobiographical events and
then requested that each event be dated (e.g., Crovitz &
Schiffman, 1974; Fitzgerald, 1981; Fitzgerald & Law-
rence, 1984; Holding, Noonan, Pfau, & Holding, 1986;
Pillemer, Goldsmith, Panter, & White, 1988; Pillemer,
Rhinehart,& White, 1986). A difficulty with this method
is the inability to compare estimated dates with the true
dates, as these are not known. This difficulty essentially
precludes the examinationof dating error patterns. In con-
trast, the studies by Barclay and Wellman (1986); Bruce
and Van Pelt (1989); Burt (1992b); Larsen and Thompson
(1995); Linton (1975); Thompson (1982, 1985a, 1985b);
Thompson, Showronski, and Betz (1993); Thompson,
Showronski, and Lee (1988); Wagenaar (1986); and
White (1982) achieved verification of actual event dates
by using diary records. Other studies have used archival
records to determine the participant’s involvementin, and
the precise actual date of, the events to be dated (Badde-
ley et al., 1978; Loftus & Fathi, 1985). Finally, there is a
large body of dating research that has used public events
(e.g., Brown, Rips, & Shevell, 1985; Brown, Shevell, &
Rips, 1986; Ferguson & Martin, 1983; Friedman & Wil-
kins, 1985; Kemp, 1987, 1988; Kemp & Burt, 1998;
Perlmutter, Metzger, Miller, & Nezworski, 1980). Al-
though the events in this research are not autobiograph-
ical, the results show considerable consistency with the
autobiographical data.

Two dating error patterns have consistentlybeen iden-
tified. Dating error increases as retention interval in-
creases (e.g., Barclay & Wellman, 1986; Burt, 1992b;
Friedman & Wilkins, 1985;Linton, 1975;Perlmutter et al.,
1980; Thompson, 1982, 1985a, 1985b; Thompson et al.,
1988), and the sign of the event dating error—that is,
whether the error is an under- or overestimation of an
event’s actual age—appears to be systematically related
to retention interval. Brown et al. (1985) reported a
product–moment correlation between signed error and
actual date of 2.74, and Baddeley et al. (1978) reported
2.33. These correlations suggest a tendency toward un-
derestimation of event age, or forward telescoping, as re-
tention interval increases, a result that is generally found
when the dating error of a number of events of different
ages is averaged (Kemp, 1988). These results led to the
prediction that the Test 2 dating signed errors might on
average indicate that the events were dated as having oc-
curred more recently (forward telescoping) when com-
pared with the dates of occurrence estimated at Test 1.
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This prediction is based on the reasoning that mean re-
tention interval increased from 3.34 years at Test 1 to
13.27 years at Test 2, and therefore clearly the events were
substantially older at Test 2 than at Test 1.

The latter prediction, that redating events after a rela-
tively long test–retest interval will produce increased un-
derestimation of event age, appears not to have been pre-
viously examined. The few test–retest dating studies that
have been conducted required participants to recall a spe-
cific autobiographical experience cued by a prompt word
(e.g., McCormack, 1979; Robinson, 1976, 1986). Thus
there was no opportunity to examine dating error pat-
terns. In McCormack’s study, date was recalled by pro-
viding the calendar year, the duration since the event, or
the age when the event occurred, while Robinson (1976,
1986) requested year and month as a minimum. Elapsed
time between dating and redating also varied slightly be-
tween the studies; Robinson used an interval of 2 weeks
in 1986 and 1 week in 1976, the latter time being similar
to that used by McCormack (1979). All three studies found
reasonably high product–moment correlationcoefficients
between the two sets of assigned dates (McCormack,
1979, r 5 .98; Robinson, 1976, r 5 .94; and Robinson,
1986, r 5 .66 and .84).

In addition to examining dating ability, researchers
have focused on explaining the processes involved in
dating. Friedman (1993) reviewed the dating literature
and concluded, as other authors have (e.g., Kemp, 1999;
Thompson, Skowronski, Larsen, & Betz, 1996), that date
generation involves the application of a limited set of
strategies. Both distance- and location-baseddating strat-
egies have been proposed (Friedman, 1996). Distance-
based models suggest that date generation may be based
on the strength of the memory trace for an event (see
Bradburn, Rips, & Shevell, 1987; Brown et al., 1985;
Kemp & Burt, 1998;Friedman & Kemp, 1998). Location-
based processes allow an individualto make use of knowl-
edge of behavior patterns, and the subset of events often
referred to as landmark events (see Shum, 1998), for
which the actual date can be recalled, to construct date
information.

In summary, in the present study we contacted 11 di-
arists who, in 1987–1988, had dated and estimated dura-
tions for a sample of their experiences.These diarists were
presented with the same events as in 1987–1988 and again
asked to date them or estimate their duration.This within-
subjects repeated measures analysis of autobiographical
memory with a retest interval of approximately 10 years
is unique and provides a powerful examinationof a num-
ber of the processes that are assumed to characterize tem-
poral memory. On the basis of a reconstructive model,
the duration estimation ability of the participantsat Test 2
was expected to be on average very similar to that shown
at Test 1. In contrast, the dating of events was expected
to show a number of changes: Absolute dating error was
expected to increase, and the nature of the dating errors
was expected to change with an increased tendency to for-
ward telescoping.Dating strategies were also expected to

change.Access to landmarkeventswas expected to decline,
with an associated increase in the use of other strategies.

METHOD

Participants
Fourteen diarists participated in Test 1 (see Burt, 1992a and 1992b,

for a full description of the Test 1 method). Eleven of these were re-
located for the present study (Test 2). Three of the participants were
male, all 31 years of age at Test 2, while the mean age of the female
participants was 30.7-years (range 5 29–34 years) at Test 2.

Diary Records
Prior to Test 1 the diarists had submitted their diary records to the

first author. for examination. Each diary was a reasonably complete
account of at least a year’s events, with a record entered for each
day. The 11 diarists located at Test 2 originally submitted 41 years
of diary material covering the period from 1979 to 1987. At the time
of Test 1 (1987–1988), events were extracted from the diary records
and developed into an interview schedule.

The participant’s diaries had been returned after Test 1. At the
time of recontacting the diarists, each was asked whether he/she
still had those diaries: all but 1 participant had retained them. The
participants were also asked when they had last examined them.
Seven indicated the last examination was when they were returned
in 1988. Of the other 3 participants, 1 did not respond to the ques-
tion, and for the other 2 it was 4 and 7 years ago, respectively.

Two types of event (labeled specific and duration events) were
extracted from the diaries and were examined at both Test 1 and
Test 2. Specific events were def ined as having occurred on a par-
ticular day or date. To be considered for selection from the diary
material, four attributes had to be determinable: the what, where,
who, and when of the event (see Burt, 1992b, for further discussion
of each attribute).

The defining characteristic of a duration event was that it had
lasted for more than 1 day. Two types of duration events were ob-
tained: “filled” and “empty” duration. Empty duration events con-
sisted of two associated events separated by some period of time
(e.g., an individual sends away for a rare stamp and later receives
the stamp). The interval between the two events is assumed to be
relatively uncontaminated by associated events. Filled duration events
consist of a sequence of specific events that were associated be-
cause they occurred within a definable interval of time, such as a
holiday. Actual duration was obtained from the diary records with
both the day on which the event began and that on which it ended
counted as a whole day.

Questionnaire Construction
Because the participants now lived in a number of different coun-

tries, Test 2 was performed using questionnaires in contrast to the
interview method adopted for Test 1. All the events for which data
had been collected at Test 1 were included in each participant’s
Test 2 questionnaires, including events that had not been recalled or
recognized at Test 1. Events (both specific and duration) were as-
signed randomly to a questionnaire page: a full event description
headed the page (e.g., You and Justin made a fire and bivouac , and
toasted marshmallows at the Rakaia river). For specific events this
was followed by a 9-point memory rating scale and a place to enter
the event’s date (day, month, and year) and the strategy adopted to
generate each date component.

The 9-point specific event memory rating scale was tagged at
each point and gave an opportunity to indicate different types of
memory failure or degree of recall (1 5 it never happened , 2 5 the
combination of cues does not prompt any recollection , 3 5 it could
be one of many similar events, 4 5 I can just barely remember it, 5 5
I remember it but not so well, 6 5 I remember it fairly well, 7 5 I
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remember it very well, 8 5 I remember it almost perfectly , 9 5 I re-
member it perfectly ).

The strategy used to generate each date component (day, month,
and year) was indicated by selecting from five choices (combinations
could be used): 1 5 remembered date component, 2 5 guessed date
component, 3 5 reconstructed date component using events that I
know occurred before the target event, 4 5 reconstructed date com-
ponent using events that I know occurred after the target event, 5 5
reconstructed date component using specific information provided
by the description, e.g., the event obviously occurred in summer,
winter, May holidays, etc.).

An example of a duration event description was as follows: You
rang Richard M. and asked him if he would go to the school formal
with you. He said he needed more time to think. Sometime later he
rang back and said he had an exam and couldn’t go. These descrip-
tions were followed by a 7-point memory scale (1 5 I cannot re-
member this event, 2 5 I can just barely remember it, 3 5 I remem-
ber it but not so well, 4 5 I remember it fairly well, 5 5 I remember
it very well, 6 5 I remember it almost perfectly , 7 5 I remember it
perfectly ). Three other 7-point rating scales were used (conf idence
in the accuracy of your duration estimate—1 5 no confidence , 7 5
absolute confidence ; distinctiveness of the event, 1 5 not at all dis-
tinct, 7 5 very distinct ; and importance of the event, 1 5 of no im-
portance, 7 5 very important).

False Event Construction
A number of false events were embedded within each partici-

pant’s questionnaire/ s. The participant’s true events formed the base
for the false events. In order to transform a true event into a false
event, one or more of its attributes (what, where, and who) was
changed. The component /s that were used as replacements were
taken from other events within the participant’s sample of events.
Thus, when we created false event descriptions, these featured peo-
ple that the participant had interacted with, locations that they had
been to, and activities that they had engaged in. Seven event trans-
formations were created by changing activity only, location only,
participants only, activity and location, activity and participant, lo-
cation and participant, and activity, location, and participant. The
last type of transformation created a completely false, yet plausible,
event. An attempt was made to equate the number of the different
types of event transformations. Each false event description was
checked for plausibility. For example, the false event You and dad
went to a fancy dress party at Donna’s place would have been re-
jected. The false events are briefly mentioned in the Results and
General Discussion sections; for a more in-depth discussion of the
participants’ responses to the false events and related experiments
see Burt, Kemp, and Conway (2000).

Procedure
Each questionnaire was limited to a maximum of 70 pages, which

was the maximum we felt the participant could reasonably be ex-
pected to complete in one sitting. This was posted to the partici-
pant. The number of questionnaires completed by the participants
ranged from one to five. Each questionnaire was sealed in an enve-
lope and enclosed with an instruction sheet in another envelope.
These instructions asked participants to ensure they had sufficient
time available to work on the questionnaire before they opened it.
It was noted that they should not look over the questionnaire before
working on it, should start at the beginning and complete the ques-
tions (events) in the order presented, should not go back and change
an answer (there was no evidence to suggest this had occurred),
should use only their memory to answer the questions, and should
take breaks when they needed to.

Finally, the date on which they completed each questionnaire
page (event) and how long they required to read the event descrip-
tion and complete the responses on the page were entered at the top
of each page. The participant’s next questionnaire was posted ap-
proximately 1 month after we received a completed questionnaire.

RESULTS

The Test 1 data file was matched to the Test 2 data file.
Events were excluded if there were excessive missing
data. For this reason, and because of the loss of several
participants, there are differences between the overall
Test 1 results reported here and those reported in Burt
(1992a, 1992b). Test 1 and Test 2 matched data were ex-
amined for 576 specific events and 144 duration events.
The analyses below are divided into a number of sec-
tions: memory for events, dating of events, dating strate-
gies, and recall of event duration. A number of the analy-
ses used events as the random variable and thus assumed
a degree of independence between the memories (see
Wright, 1998, for a discussion of this issue). On the basis
of our previous examinations of autobiographical mem-
ory data sets for individual differences (see Burt, Watt,
Mitchell, & Conway, 1998), we did not expect individual
participant differences to bias the results in this study.
However, culling of the data set was performed in order
to demonstrate that some of the key findings were not an
artifact of a specific participant’s data.

Memory for Events
Memory for the duration events was generally rated

higher than that for the specific events, with 81.6% of the
memory ratings of the former indicating that the partic-
ipant felt he/she remembered the event, compared with
only 55.0% of the specific event ratings. Of the remain-
ing specific events (n 5 259), 41.3% were rated as too
similar to other events to be remembered, 45.1% could not
be recalled because insufficient information was pro-
vided in the event description, and 13.6% were rated as
never having happened. Of the 514 false events, 21.5%
were rated as being remembered.

Of interest was the comparison of Test 1 and Test 2
event memory. In contrast to Test 2, where event mem-
ory was expressed as a rating, event memory was objec-
tively assessed using an event cuing procedure at Test 1
(see Burt, 1992b, for details), and events were assigned
to one of six categories: no memory for event, event rec-
ognized after all cues were given, and four levels repre-
senting increased ability to recall the event determined by
a cue efficiency rating. As a means of comparing event
memory across Test 1 and Test 2, mean Test 2 memory
ratings were calculated for each of the six categories of
event memory defined by Test 1 performance: respective
means of 2.85, 3.39, 4.36, 4.79, 4.13, and 4.36 were ob-
tained for the events in each of the six memory categor-
ies. Inspection of these means indicates that they increase
with the memory measure taken at Test 1 (e.g., the events
that were not remembered at Test 1 received, on average,
the lowest Test 2 memory rating). Comparison of Test 2
memory ratings across the six Test 1 memory categories
indicated a significant difference [F(5,570) 5 18.827,
p > .01]. In other words, there was at least some consis-
tency in the participant’s memory for the events across
the two tests. However, there was some switching between
forgetting and remembering from Test 1 to Test 2, with
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4.9% of the events that were not remembered at Test 1
rated as remembered at Test 2.

In order to correlate the Test 1 and Test 2 event mem-
ory data, the Test 1 specific memory categories were re-
coded so as to assign a Test 1 memory value to each event
(events that were not remembered at Test 1 5 1, events
recognized after all cues were given 5 2 , and the four
levels representing increased ability to recall the event
determined by a cue efficiency rating were assigned 3, 4,
5, and 6, respectively). A significant association was ob-
tained when the Test 1 (recoded) and Test 2 memory rat-
ings were correlated (r 5 .34, p < .01). Test 1 memory
for duration events was rated on the same 7-point scale
as used at Test 2. Overall, the memory ratings given for
the duration events at Test 1 and Test 2 were found to be
significantly correlated (r 5 .35, p < .01). Comparison
of the memory ratings given at Test 1 (M 5 3.9) and Test 2
(M 5 3.1) indicated a significant decrease in event mem-
ory [F(1,143) 5 30.805, p < .001]. The moderate level
of these correlations indicates a marked degree of change
in the memorability of both the specific and duration
events over the period between the two tests.

Dating of Events
Participants were requested to provide a date for each

event irrespective of its memory rating. Examination of
the relationshipbetween Test 2 absolute dating error (ac-
tual date 2 Test 2 assigned date, and ignore the sign), and
the memory ratings produced a small but significant cor-
relation (r 5 2.10, p < .05). Furthermore, comparison
of the absolute dating error for each of the nine memory
rating categories indicated signif icant differences
[F(8,564) 5 2.544, p < .01]. Inspection of the mean ab-
solute dating error for each memory rating category in-
dicated that the least accurate dating was for the events
rated as never havinghappened. Exclusionof these events
removed the significant difference when the absolute dat-
ing errors of the remaining memory rating categories
were compared and reduced the correlation between the
memory ratings and absolute dating error (r 5 2.06,
n.s.). Thus it seemed reasonable to consider the events

rated as never having happened to be “outliers,” and they
were excluded from the remaining analyses.

Table 1 shows the correlations between actual date and
estimated date at Test 1 and Test 2 for each participant.
Also shown are the correlations between the Test 1 and
Test 2 estimated dates for each participant. Inspection of
Table 1 suggests that, as expected, the dating ability de-
teriorated from Test 1 to Test 2. Generally the correlations
between Test 2 estimated date and actual date were lower
than those between the Test 1 estimated date and actual
date. However, column 5 of Table 1 shows that a number
of the participants had significant positive correlations
between their Test 1 and Test 2 dating. Table 1 also indi-
cates that 1 participant contributed 179 events to the
sample and thus could potentially have had a marked in-
fluence on the overall results. However, with data from
this participant excluded (n 5 362), the overall correla-
tions remained essentially unchanged (actual date and
Test 1 estimated date r 5 .92, p < .01; actual date and
Test 2 estimated date r 5 .83, p < .01; and Test 1 and Test 2
estimated date r 5.81, p < .01).

Absolute dating error was calculated for both Test 1
and Test 2 estimated dates (as described above). Com-
parison of the Test 1 and Test 2 absolute dating errors in-
dicated a significant difference [F(1,540) 5 58.521, p <
.001], with the Test 2 mean absolute error (281.6 days)
greater than the Test 1 mean (166.1 days). To ensure that
this large difference was not due to a few extremely in-
accurate dates at Test 2, the comparison was repeated
with the data set culled of all absolute errors greater than
2 SD from the Test 2 absolute error mean. This reduced
the data set by 29 events but did not change the signifi-
cant difference between the Test 1 and Test 2 absolute er-
rors [F(1,511) 5 30.457, p < .001; new Test 1 mean 5
162 days and new Test 2 mean 5 231.4 days].

An error difference score was calculated by subtract-
ing the Test 2 absolute error from Test 1 absolute error
(for all 541 events). Table 2 shows the mean error dif-
ference score for each participant. A negative error dif-
ference score indicates that on average the participant
was less accurate at dating events at Test 2, and as pre-
dicted this was the case overall and for 9 of the 11 par-
ticipants. Interestingly, 2 participants showed an average
improvement in their dating accuracy.

Mean signed datingerrors (actual date 2 test x assigned
date) were calculated for each participant at Test 1 and
Test 2 and are also shown in Table 2. A positive signed
error indicates that the event was dated too remotely (the
date was backward telescoped). As indicated in the sec-
ond column of Table 2, the overall Test 1 signed error
mean was consistent with that obtained in many other
dating studies and showed a clear trend toward events be-
ing forward telescoped. In contrast, the Test 2 overall
signed error mean (and eight of the individual means)
showed a trend toward backward telescoping. Compari-
son of the Test 1 and Test 2 signed errors indicated a sig-
nificant difference [F(1,540) 5 23.924, p < .001]. This
analysis was repeated with the data set culled of the
29 events, with Test 2 absolute errors greater than 2 SD

Table 1
Mean Retention Interval and

Dating Correlations for Each Participant

Mean Test 2
Retention Actual Date Actual Date Tests 1

N Interval (Years) and Test 1 and Test 2 and 2

48 11.9 .71* .25 .17
16 11.0 .91* .52* .59*
14 12.8 2.17 .51 .45
22 13.1 .72* .74* .47*

179 13.9 .92* .90* .85*
41 10.8 .87* .14 .17
96 15.2 .75* .52* .46*
62 12.4 .71* .35* .41*
20 11.7 .69* .45* .25
18 11.1 .74* .37 .45
25 13.0 .90* .71* .62*

Overall 541 13.3 .93* .84* .82*

*p < .01.
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from the mean [F(1,511) 5 11.934, p < .001; new Test 1
signed error mean 5 227.0 days and new Test 2 signed
error mean 5 +32.6 days]. The data set was further
culled by includingonly those events that the participants
rated as remembered at Test 2 and the analysis repeated
[F(1,306) 5 9.783, p < .01; new Test 1 signed error
mean 5 215.0 days and new Test 2 signed error mean 5
+50.9 days]. Finally, the data set was further culled
through the exclusion of the participant with the largest
single contribution to the data and the analysis repeated
[F(1,217) 514.926, p < .001; new Test 1 signed error
mean 5 218.5 days and new Test 2 signed error mean 5
+80.1 days]. Thus it would appear that there was an over-
all tendency for dating errors to be dominated by back-
ward telescoping at Test 2.

As noted, distance-based models of dating suggest that
memory strength can be used as a basis for date genera-
tion. Signed dating error was thus correlated with the re-
coded Test 1 event memory categories (r 5 .02) and with
the Test 2 memory ratings (r 5 .06). The obtained cor-
relations suggest that there was little influence of mem-
ory strength on the participants’ date estimates.

The actual dates of the events occurred within “bound-
aries” defined by the beginning and end of the partici-
pant’s diary keeping. These recent and remote boundaries
were unique to a participant (although several partic-
ipants had supplied diary material covering the same
years). The Test 1 and Test 2 estimated dates (n 5 541)
were examined against the participant’s recent and re-
mote boundaries, and the proportion of events estimated
as occurring outside each boundary was calculated. No
events were dated more recently than the appropriate re-
cent boundaryat Test 1, and only seven (1.2%) eventswere
dated more recently than the recent boundary at Test 2.
Fifteen events (2.7%) had been dated more remote than
the appropriate remote boundary at Test 1, and this in-
creased to 39 events (7.2%) at Test 2.

Dating Strategies
No dating strategy information was provided for six

events. Cross-tabulation of the dating strategies used for

the generation of each date component at Test 1 and
Test 2 indicated that a number of event components were
dated using the same strategy at Test 1 and Test 2. Over-
all, 72% of the day components, 45.4% of the month
components,and 33.8% of the year componentswere gen-
erated using the same strategy at Test 1 and Test 2. In
terms of the specific strategy used, 36.5% of the date com-
ponents that were remembered at Test 1 were also remem-
bered at Test 2, 83.3% were guessed on both tests, 39.3%
were dated using landmark events on both tests, and 17.8%
were dated using cue information on both tests.

It was predicted that the use of landmark events might
show a particular decline at Test 2, as the passing of a
further 10 years might have made these events harder to
recall. At Test 1, 54 event components were dated using
landmark events occurring before the event to be dated,
and 252 were dated using landmark events occurring af-
ter the event to be dated. At Test 2 there were 71 instances
where landmarks occurring before the event to be dated
were used, and 133 where the landmark event occurred
after the event to be dated. Thus, the participants may
have been using different landmark events at Test 2, and
drawing these from further back in their past.

Recall of Event Duration
Table 3 shows the Test 1 and Test 2 duration estimation

means for each participant. Inspection of the individual
means in Table 3 indicates that average Test 2 estimates
were very similar to average Test 1 estimates (and to the
mean actual duration). Indeed, the similarity between the
overall mean actual duration, Test 1 mean estimated du-
ration, and Test 2 mean estimated duration is striking in
the case of many of the participants. Comparison of ac-
tual and Test 2 estimated durations indicated no signifi-
cant difference [F(1,143) 5 .0008, n.s.], as did the com-
parison of the Test 1 and Test 2 estimates [F(1,143) 5
.144, n.s.]. Pearson correlations indicated significant re-
lationships between actual duration and Test 2 estimates
(r 5 .61, p < .01), and between Test 1 and Test 2 esti-
mates (r 5 .51, p < .01).

Individual estimates were examined by a comparison
of the Test 1 and Test 2 estimation errors. A signed error

Table 2
Mean Absolute Error Differences and

Mean Signed Dating Error (Days)

Tests 1 and 2
Mean Absolute Error Mean Signed Error

Difference Test 1 Test 2

2154.3 267.1 2100.3
248.1 23.6 211.3

42.3 25.1 32.8
14.9 2261.7 186.8

262.7 22.9 23.3
253.6 11.3 5.4

2174.4 2.5 172.6
2182.5 216.7 140.1
2527.4 233.9 463.5
271.9 238.3 256.2
271.9 277.7 53.6

Overall 2115.3 223.7 71.7

Table 3
Tests 1 and 2 Mean Duration Estimates and Absolute Errors

Mean Mean Test 1–Test 2
Mean Actual Estimated at Estimated at Absolute

N Duration Test 1 Test 2 Difference

15 16.7 19.6 19.9 .3
7 10.7 11.4 8.8 .6
9 9.8 6.6 9.4 2.7
4 11.0 9.2 11.2 2.0

49 47.2 39.3 36.3 2.9
5 7.4 7.2 28.2 21.0

16 43.0 49.6 80.1 30.5
25 20.6 13.7 13.2 .6
5 4.6 6.8 5.8 1.0
7 40.8 49.1 31.8 17.2
5 11.6 11.4 11.0 .4

Overall 147 29.8 27.2 29.8 3.5
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score (actual duration 2 estimated duration) was calcu-
lated for both Test 1 and Test 2 estimates, where a nega-
tive score indicated overestimation and a positive score
underestimation of actual duration. Inspection of the
Test 1 and Test 2 signed errors indicated that they were
identical for 22.9% of the estimates. Of the remaining
events, 30.5% of the signed errors were smaller at Test 2.
Thus the majority of estimates were either identical at
Test 2 to that given at Test 1 or more accurate than that
given at Test 1. This conclusion is reflected in the over-
all mean Test 2 signed error (.15 days), which is smaller
than the overall Test 1 signed error (2.5 days), although
comparison of these means indicated no significant dif-
ference [F(1,143) 5 .144, n.s.].

The consistencybetween the Test 1 and Test 2 estimates
suggests that event memory ratings (r 5 .15) and reten-
tion interval (r 5 .15) were unlikely to be related to Test 2
estimated duration, and neitherof the correlationswas sig-
nificant. Furthermore, Test 2 estimation errors (signed)
were not related to event memory ratings (r 5 2.04), re-
tention interval (r 5 2.07), distinctiveness of the event
(r 5 2.09), or importance of the event (r 5 2.12). Par-
ticipants’ ratings of confidence in their Test 2 estimated
event duration did not correlate significantly with esti-
mation signed error (r 5 2.14) either.

DISCUSSION

The participants’ memory for the study events showed
a degree of forgetting, with just under half the events
rated as forgotten. However, the participants were rea-
sonably good at identifying that an event had actually
happened, even if they could not remember it, since they
assigned only a very small number of the true events to
the “never happened” category. Thus, while participants
clearly had trouble recalling some events, they were able
to differentiate events that had happened from the false
events. There was also some degree of relationship be-
tween the Test 1 and Test 2 memory data, with the scores
formed from the Test 1 objectively determined memory
categories correlating with the Test 2 memory ratings. This
finding is encouraging for autobiographical memory re-
search, which often measures memory strength through
the use of rating data.

Interestingly, 4.9% (n 5 28) of the events that were
not remembered at Test 1 were rated as remembered at
Test 2. Are these instances of recovered memories? Per-
haps events had occurred between Test 1 and Test 2 that
reestablished these memories (e.g., meeting up with an
old friend who relates a number of past events that you
had forgotten). Obviously, they were all plausible mem-
ories, and indeed the events had actually happened. This
reasonable level of re-remembering was paralleled by a
reasonably high level of acceptance of the false events
as actually having happened—recall that 21.5% of the
514 false events were rated as remembered. As noted, a
detailed analysis of the data relating to the false events is
reported in Burt et al. (2000).

The hypothesis that estimating the duration of every-
day events involves reconstruction is considerably bol-
stered by the results obtained in this study. A remarkable
level of consistency was found in the duration estimates
obtained at Test 1 and Test 2. Furthermore, both these sets
of estimates were similar to actual event duration. While
duration estimation models such as Ornstein’s (1969)
storage size hypothesis would predict that the passage of
10 years would significantly alter memory for event du-
ration (estimates should decrease because of the forget-
ting of event content), a reconstructive model predicts
the results that were obtained. Furthermore, the Test 2
memory ratings for the duration events were not signif-
icantly related to estimated duration, and the Test 2 mem-
ory ratings were on average significantly smaller than
those obtained at Test 1, yet no systematic reduction in
estimated duration was observed.

A particularly surprising result was the tendency to-
ward backward telescoping evident in the participants’
dating of their events. This result is in contrast to the
many studies that have found remote events to be gener-
ally dated too recently, or forward telescoped (e.g., Brad-
burn et al., 1987; Burt, 1992b; Ferguson & Martin, 1983;
Kemp, 1988, 1994, 1996; Means & Loftus, 1991; Rubin
& Baddeley, 1989; Wright, Gaskell, & O’Muirchear-
taigh, 1997). Several explanations might be offered for
this finding.

Distance-based models propose a link between date
estimation and the strength of the event’s memory (e.g.,
Bradburn et al., 1987; Brown et al., 1985; Friedman &
Kemp, 1998; Kemp & Burt, 1998). However, we found
no evidence of a relationship between rated event mem-
ory and signed dating error. In contrast, the boundary
models of dating bias proposed by Huttenlocher,
Hedges, and Prohaska (1988); Huttenlocher, Hedges,
and Bradburn (1990); and Rubin and Baddeley (1989),
which fall into the location-based category, might offer a
partial explanation if it is assumed that the participants
set up a recent boundary to their dating that was clearly
remembered, and this had the effect of holding dates in
the time preceding it. Two recent boundaries seem pos-
sible. The true recent boundary is the end date of the
diary records that the participant submitted at Test 1.
This date (e.g., December 31, 1987) is the last date from
which an event could have been sampled, and no event
could have occurred more recently than this date. Recall
that only seven events, or 1.2%, were dated more re-
cently than the true recent boundary. While the partici-
pants may have remembered this true recent boundary, it
probably was not particularly unique or significant since
many of the diarists were continuing their diary keeping
during and after the Test 1 period. Perhaps a more mem-
orable recent boundary was the date (or period of time,
since some participants were interviewed over several
sittings) at which Test 1 itself took place. The extensive
examination of each participant’s memory that occurred
at Test 1 was probably a unique event in his/her life and
the type of experience that might be expected to form a
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landmark event. As a landmark event, the participant
would be expected to be able to recall when it occurred.
Furthermore, our initial contact with the diarists for
Test 2 undoubtedlyprompted some recollection of Test 1
and perhaps even some extended discussion with a part-
ner of when and what had happened at Test 1. It might be
reasonable to assume that the Test 1 recent boundary
would be more memorable than the remote boundary
(the date of the first diary entry in a participant’s diary
set), and thus create a very salient period in time before
which all dates should be (and were) assigned. Of course,
a recent boundary does not necessarily create backward
telescoping,but it could reduce the likelihood of forward
telescoping.

If the recent boundary is operating as we suggest, it
might have worked in conjunction with other strategies
that participants may use to date the events. An associa-
tive theory of dating was recently proposed by Kemp
(1999), and this places considerable emphasis on the op-
eration of contextual factors in date generation. Kemp’s
theory suggests that life events (memories) are linked in
associative networks by contextual themes (e.g., living in
a particular place or activities with a select group of peo-
ple). Conway’s (1992, 1995) work on autobiographical
memory organization also emphasizes thematic struc-
tures. If an individual is asked to date an event (and can-
not recall the actual date), part of his/her construction of
the event’s date may involvesearching memory for events
with a similar context for which some date information
can be recalled.

To understand the nature of the search process for con-
textually associated events in our sample, it is necessary
to consider the age of the participants when the events
they were attempting to date occurred and their age at
Test 2. The events they were dating occurred between the
ages of 10 and 16 years. During this time the participants
were probably living at home. Furthermore, the dated
events may have more common characteristics with the
events that occurred in the preceding years than with those
that occurred in the following years. After 16 years of age
the participants might have left home, moved to tertiary
education, begun an active sex life, and so on. In con-
trast, the mean age of the participants at Test 2 was 30.8
years. It seems reasonable to conclude that the partici-
pants underwent major changes in the contextual associ-
ates of their life events between Test 1 and Test 2. At the
least they have gone from adolescence to adulthood.

If the context of the dated events is unique because of
the time in the participant’s life when they occurred, any
attempt to construct date information using contextual
associates might occasion a search that takes the partici-
pant further away from the present than might be the case
if, for example, he/she was dating events that had oc-
curred in their late 20s. The slight increase in the use of
landmark events between Test 2 and Test 1 that were seen
as occurring before the events to be dated is consistent
with this process. Thus backward telescoping may have
occurred, at least in part, because the participants searched

memory for contextually similar events, for which they
could access some date information, and this search
tended to focus on an early period of life. Therefore the
nature of dating error might be partially dependent on
when in the life span an event occurred and when in the
life span an individual is attempting to date the event. If,
as was perhaps the case in this study, the two points in
time were separated by a major life transition, then back-
ward telescoping might occur. If, on the other hand, the
time of event occurrence and the time of dating both
occur in the same life period, forward telescoping might
be expected.

The issue of forward and backward telescoping not
only has interested event dating researchers, but has been
discussed in relation to errors in survey work that fo-
cuses on activity frequency estimates (e.g., Bradburn et al.,
1987; Neter & Waksberg, 1964; Penick & Owens, 1976;
Schnieder & Sumi, 1981; Sudman & Bradburn, 1973,
1974, 1982). Forward telescoping has been linked to the
tendency to overestimate activity frequency estimation
because events that occurred outside the questions refer-
ence period are recalled as occurring within it (e.g., Brad-
burn et al., 1987). Backward telescoping has been noted
when the reference period defined in the question is not
bound at the recent end by the interview (e.g., During
1987 how many times did you visit a doctor?). In this type
of a backward-telescoping error, events move back into
the question’s reference period. The results of the present
study suggest that backward telescopingmight see events
movingout of a reference period (beyond the back bound-
ary), creating underestimation of event frequency. Fur-
thermore, this form of backward telescoping could be a
particular problem if a survey were to question an adult
population about activities undertaken in its teens.

In summary, the present study reports one of the few
within-subjects repeated measures analyses of autobio-
graphicalmemory. Duration estimationof everyday events
seems very stable over time, and one might perhaps ex-
pect that this aspect of memory will remain constant over
the entire life span. Dating errors, perhaps for the first
time, have been shown to differ from the expected pat-
tern. It appears that the conditions under which most
studies of dating have operated have in part contributed
to the error patterns that have been observed. The back-
ward telescoping observed in this study seems reason-
ably well accounted for within the framework of the es-
tablishment of a recent boundary and Kemp’s (1999)
associative model of dating.
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