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Abstract

Iterative retrieval can shaperg-term retention of autobiographical eveittse retrieval of
recent memoriess usually realizetby recording events in a diary at various points during the
day, typically in the morning before work or in the evening before sikd@pever, little is
known about how the time of day recordinginfluences théong-term retentiorof
autobiographical memories. In the present study, we investigated this questioarusing
internetbased diary method. During five daysyticipantsrecorded recerdgutobiographical
memories of the givedayor those of the previous day. Recording took place either in the
morning or in the evening. Following a 30-day |lateday,they were testeftbr therecorded
events in a free recall taskccording tothe results, the time afay and the delay between the
original events and thedhiary recordinghad no effect on the amount of recorded events.
However participants who recorded their memories ingheningbefore sleepperformed
significantly betteB0 days later in thizee recall taskThese results suggebat the time of
dayof an initialreactivation and recording of recent episodic events has a significant effect o
long-term retentiorof thememorief these events

Keywords: time d dayeffect retrieval,autobiographical memory, lortgrm retention,

free recall
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A Diary After Dinner: How the Time of Initial Retrieval Influences the Lorggm Retention
of Autobiographical Memories
The effect of circadian rhythm on human cognitive performémasebeen studied for a long
time anda couple of findings showed that human memory doesp®tte at a constant level
during wakefulness (for review see Schmidt, Collette, Cajochen, & Peigneux, B007)
example in a series of experimerfslkard and Mnk (1979) found a number of important
relationships between the timéencoding and the success ofteag. In these experiments,
participantsvereasked to study a list of words in different times of the day and then their
memories for the previously studigthterialsvere tested in free recall tasksmediately
after the study phase or aftarioustime delag. In one handwvhen the recall occurred
immediately after learningecall rate was better in timeorning than in the afternoo®n the
other had, this difference disappeared when participants were tested aftenia@e long
delay. Moreoverwhen there was aneweeklong delay followinghe study phase, recall
performance was better for a meaningful story studied in temafin than in the morning,
while the time of testing had no effect oremoryperformancgFolkard & Monk, 1978).

In these early studies (Folkard & Monk, 1978; 19@)ticipants were between the
ages babout 20 and 60 years and authors did not control an important factor, the chronotype
that shows differences across individuals and depends onatge studies demonstrated that
performance in different cognitive tasks depends on individual circadian prefsrd-or
instance, Yoon (1999) found that whereas young adrétepedto perform numerous
activities in the afternoon and evening (evening type), elderly peoplerptes early hours
of the day (morning type). la well controlled studyHasher, Chung, May, & Foong, 2001),
younger and older adultaiemoriedor three lists of previously studied wordgre tested
after a 16sec long delay. &sults showed that young participants’ performance was better in

the afernoon than in the morning, whereas an oppgsiteern for recall performaneeas
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observed in the eldigr. This effect is usually referred to as the synchrony effect suggesting
that people tend to perform better on various memory tests at their optimal tinye Otloker
studies provided evidence for synchrony effect on immediate recall perfortoan@eg.
Petros, Beckwith, & Anderson, 1900

Later studies investigated the time of day effect on memory after longer tinys.dela
Although the effect of time of learning was not investigated in a study blyevand Knight
(2005), authors found that the time of testing had an influence on recall performance. While
older people recalled an increased number of words in the early hours of the day,dudtsng a
were better in the afternoon than in the morning. Most of other studies, however,deporte
rather differenresults suggesting that only the time of learning and not the time of testing
influences long-term memory performanBarbosaand Albuquerque (2008nvestigated
only undergraduate students and showed that the time of testing did not affect memory
perfamance one week after the study phase, but participants were better in regogoizis
learnt in theafternoon when compared to recall rate for words learnt in the morning.

Similarly to e.g. Folkard and Monk (1978) as wellBagbosaand Albuquerque (2008)
Gais, Lucas and Born (2008&)sofound that only the time of learning influenced the long-
term recall performance in a group of high school students, but the time of testing had no
effect on later memoryAuthors argued that a possible explanationetfds memory for
materials learnt in the evenirguld be that learning in the evening is usually followed by
sleeping. Several authors (see e.g. Wixted, 2004; 2005) suggested previously that the
beneficial effect of sleep after learning on leiegm memoy consolidation is due to the lack
of interfering memories between learning and sleeping. This hypothesges trathe
numerous pieces of evidence found that interfering memories have a negativereffee
stabilization (consolidation) of a new memas well as the restabilization (reconsolidation)

of a memoryafter reactivation (foreview see e.g. Nader, 2003; Sara, 3000a second
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experiment, Gais and his colleagues tested the effect of sleep after learfatey omemory
performance and showed that 2 days after the study phasgry was better for materials
learnt in the evening when participants went to sleep shortly after learning

Although tetime ofday effect ordeclarativememory has been studied extensively
over the past decadesdudies on relationship between the recall of autobiographical memories
and the time (morning/evening) of encoding or retrieval of those eventsgely lanissing.
Therefore we aimed to investigate time of day effect on the recall of autapiocal events.
In the present study, participants (undergraduate students) reactivatecutobitgraphical
memories (recording phase): on the same day when the events occurred (imitigg eve
Group 1) or the next day (in the morning, Group 2 or in the evening, Grotipi&Y. days
later (longterm recall phase) participants’ memories for the previously reaadieatents
were tested in a free recall task when the time of retrieval was not controtietioMhe
previous studies (e.@arbosa& Albuquerque, 2008Folkard & Monk, 1978Gais et al.,
2006) showed that the time of recall has no influence on memory performance (for opposite
results see e.g. Math&rKnight, 2005). Therefore, we assumed that the three groups of
subjects would recall the same number of autobiographical events in the recordangfphas
the experiment. Furthermore, we have several pieces of evidence for the berifdatialf e
sleep on the stabilization of memory traces (for review see e.g. Ralless, 2004).
According to several theorssfe.g. Gais et al., 2006; Wixted, 2004; 2005) this is due to the
lack of interfering information during sleep. Based on these findings, we hyzathéisat
due to the lack of interfering information during sleep after reactivation in timengy¢he
two groups of participants who recorded their memories in the evening in the firstgphase
the experiment would recall a larger number of memories in theténgmemory task than
participants who reactivated their memories immediately after sleepingnmotimeng.

M ethod
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Participants

Participants were 109 Hungarian students between the ages of 18ywat <6l = 20.9

years SD =1.5), 61 men and 48 women. They were recruited at the Budapest University of
Technology and Economiesd they received exturse credits for their participation
Participants were randomly assignetb three experimental groups. Teavere 38
participants in the first, 35 in the second and 35 in the third group.

Materials and procedure

The experiment consisted of two maimagesa recording and a test phaseparated by a 30
day long interval. In theecording phasparticipantsvere askedio record any event of the
given day (Group 1) arf the previous day (Group 2 and Group 3) they could remember.
They were told that threcorded memories did not have to be emotionally charged and/or
personal, but they were asked to try to record any event they could remBartieipants
were asked toecord their memories by using an internet-based questionnaire, possibly at
home, in quiet and calm conditiolarticipants recorded only one day events at a amz,
this processvasrepeated for five consecutive days.

Participants’ tasks in the three groups differed onkegpect othe time of recording.
Thefirst eveninggroup reorded events of the given day right before going to sleep at night,
themorning group recorded memories from the previbaysimmediately after awakening
and thesecond eveningroup recorded events from the previous day right before going to bed
at night. Each day, participants were first asked about the hours of sleep they had during the
previous day. Thetheywere asked to describe the contents of the events in one paragraph.
Finally, participantgated the personal importance of each memory on S-poates, anthey
recordedhe duration (in minutes) of each event.

30 days after the recording phase, participanegnories for theecorded events were

testedn the test phase of the experiment. They usedamentemetbased user interface
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they raveused in the recordinghase. There were no differences between the tasks of the
threegroups in thedst phae: the time of recall (morning/ening) was not controlled in the
recall phase. &ticipantstask was to describe as many of the previoustprded events as
they could. Finally, theyated the certaintgf each evenon a five-point scaleHow sure are
you that this event really happened? dotat all, 5 =absolutely).
Results
Recording Phase
Table 1 summarizes the results of teeordingphase Oneway ANOVA analyseshowed
that there were no significant group differences in the following asgbetamount of time
the participantspent sleeping F(2, 106) = 1.61, p =;.2 mean ratings on personal
importance F(2, 106) = 0.58, p = .56 and the duration of the events F(2, 106) = 0.77, p = .47.
Furthermorethere wereno difference between the groups in the mean numbeeafnded
events F(2, 106) = 0.49, p = .61 (Figure 1).
(Table 1 about here)

Test Phase
Recall rate refers to the mean percentage of recalled exgra§those the participants
described in theaecording phase. Figure 1 represents the mean number of recalled memories
in the estphase. Onavay ANOVA showedsignificant goup difference F(2, 106) =3.33, p
< .05. Fisher’s LSD post hoc tests proved thiaile there was no significant difference
between théwo evening groups'ecall rates (p = .§5the morning group recalledreduced
number of memories than both of the two evening groups (Group 1: p < .05 and Group 3: p
<.0).

Despite the fact that the three groups’ performances were not the samtest the
phase, one-way ANOVA proved that there were no group differences in ratings aomtg€rtai

=1.51, p = .23Furthermore, significant correlation wast foundbetweerthe answers
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provided by the participants in thecording phasand the number of recalled events in the
testphase: sleep hours r(109) = -.02, p 5 @sonal importance r(109) = .15, p = .13 and
the duration of the events r(109) = .06, p = .52.

Discussion
This study aimed to investigatige relationship between the time of recording and the long-
term retention of autobiographical memories. Participants retrieved their raenmotwo
cycles: they recorded autobiographical memories a few hours after the kaeatoccurred
and 30 days later in a free recall task. In the recording phase, participaniedaesment
memories on the same day when the events occurred (in the evening) or the nexhéay (in t
morning or in the evening). The time of retrieval was not controlled in thetéyngrecall
phase. According to the results, whether there was a sleep period between the et®ent and i
recordingit had no effect on the number of recorded memories and the number of recalled
events in the longerm recall tak. This surprising results is highly interesting considering the
wealth of studies showing that sleep plays a fundamental rtie stabilizaton of memory
traces (for reviewsee e.g. Paller & Voss, 2004; Walker & Stickgold, 2004). However, our
findings are consistent with previous results showing that the time of retrieval
(morning/evening) did not affect the current memory performance (erlgo&
Albuquerque, 2008-olkard & Monk, 1978Gais et al., 2006). Although the time of
reactivation of the events (morning vs. evening) had no effect on the number of recorded
events in the first phase of the experiment, the time of recording had a amgnifituence on
thelong-term accessibility of the reactivated memorfeatrticipants, who recorded thei
memories in the morning, performed poorer thirty days later in thetéyngrecall task,
when compared to threcall rates of the other two groups of subjedi® recorded their
memories in the evening. In sum, participants were significantly bettamaimbering events

which have been recorded in the evening about a month earlier. According to the best of our
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knowledge, our results atiee first evidence for the relationship between the time of first
recall and the longerm retention of autobiograplailicmemories.

Recording the events in the first phase of the experiment can be consideredras the fi
reactivation othose memories. This could be an important factor from the point of view of
the secalled reconsolidation theories arguing that constalanemories become labile when
they are reactivated, and an additional period of stabilization is required wheferired to
as the reconsolidation process (for review, see e.g. Sara, 2000). From the igersptus
theory, our results could be considered as evidence that the time of reactivatiomgms.
evening) affects the later reconsolidation of these memories. One pesslalration for this
effect might be that when a memory trace is in an unstable form (e.qg. aftiraian), it is
more exposed to interference, and people who recorded their memories in the morning
continued their daily activities immediately after the reactivation. Therefordrary to the
evening groups’ memories, events which have been reactivated in the nveenengnore
exposed to interference, and the interfering events could disrupt the recornmolatess.
This is in line with theories suggesting that the lack of interfering memoriesglasrole
in the beneficial effect of sleep on the stabilizabbmemories (Wixted, 2004; 2005; see also
Gais et al., 2006). This is also consistent with previous resuits ekampleSchwabe &

Wolf (2009), whose participants studied a meaningful but unfamiliar story rigihttiéy
reactivated recent autobiographli events in response to emotionally positive, negative and
neutral cue words. Participants showed impaired memory for neutral eventsgiterin

recall task as a consequence of previous recall of autobiographical events.

How the time of reactivatiomfluences the long-term consolidation of episodic
memories is presently unknown. It is the task of future studies to unfold the mechahism

episodic retrieval and consolidation of autobiographical memories
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Tablel

Comparison of the Three Experimental Groups in the Recording Phase

Importance/event Duration/event
Groups Sleep/night (hour)
(scale: 15) (minute)
Group 1 7.4 (1.0) 3.1(0.5) 62.3 (29.1)
Group 2 7.4 (1.1) 3.0 (0.8) 69.6 (24.7)
Group 3 7.8 (0.9) 3.1(0.6) 68.7 (28.1)

Note. Values represent mean values; standard deviations are given in parentheses.
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Figure 1.
Mean Number of Recorded Recent Autobiographical Memoriesin the First Phase of the

Experiment, and Recall Rate Following a 30-Day Long Retention Interval
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Notes. * p < .05;error bars represent standard errothef mean.
Horizontal axis labels indicate the time of recording in the first phase of tleereent:

evening/morning; before sleeping/after sleeping.
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