Evidencefor time-based models of freerecall
Gordon D A Brown; Caroline Morin; Stephan Lewandowsky
Psychonomic Bulletin & Review; Aug 2006; 13, 4; Academic Research Library

pg. 717

Psychonomic Bulletin & Review
2006, 13 (4), 717-723

Evidence for time-based models of free recall

GORDON D. A. BROWN and CAROLINE MORIN
University of Warwick, Coventry, England

and

STEPHAN LEWANDOWSKY
University of Western Australia, Nedlands, Western Australia, Australia

Is memory temporally organized? According to temporal distinctiveness models of memory, tem-
porally isolated items should be better remembered than temporally crowded items in free recall
tasks. Here, we tested this class of model by varying the temporal isolation of items either predictably
(Experiment 1) or unpredictably (Experiment 2) in a free recall task. In both experiments, item recall
probability increased as a function of the temporal gaps both before and after the item. The results are
taken as support for temporal distinctiveness models of memory, in which items are represented and
recalled in terms of their positions along a temporal dimension.

The suggestion that items might be organized in memory
along a temporal dimension, so that items that are presented
in temporal proximity will be relatively confusable and hard
to retrieve, is embodied explicitly in a number of recent
temporal distinctiveness models of memory (e.g., Brown,
Neath, & Chater, 2002; Brown, Preece, & Hulme, 2000;
Neath, 1993) and is implicit in many others. An intuitive
foundation for such models is given by the well-known
telephone pole analogy (Bjork & Whitten, 1974; Crowder,
1976), according to which memories become less dis-
criminable from one another (and hence, less retrievable)
as they recede into the temporal distance, just as evenly
spaced telephone poles will become less visually distinc-
tive to a stationary observer as they recede into the spatial
distance. This analogy motivates models in which memo-
ries are represented in memory at least partly in terms of
their temporal distance from the present. If it is assumed
that (1) the temporal distance dimension is logarithmically
compressed, so that temporally distant items are more con-
fusable, and (2) items occupying nearby locations on the di-
mension are less discriminable in memory, such an account
can be implemented (e.g., Brown et al., 2002) and shown
to account for a number of memory phenomena, such as
recency effects and their interactions with retention interval
(Bjork & Whitten, 1974; Nairne, Neath, Serra, & Byun,
1997; although see Davelaar, Goshen-Gottstein, Ashkenazi,
Haarmann, & Usher, 2005).

A key prediction is that items that are temporally iso-
lated at learning will be easily discriminable from their
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immediate neighbors and, hence, relatively well recalled.
This is predicted by the same mechanism that enables tem-
poral distinctiveness models to account for recency effects
(cf. the telephone pole analogy). Thus, the mechanism that
predicts extended recency effects also predicts effects of
temporal isolation at presentation, and so any experimen-
tal task that produces substantial recency effects should
(according to temporal distinctiveness models) also give
rise to presentation-induced temporal isolation effects.

Existing Data

We first will review temporal isolation effects in se-
rial recall, since recent results appear hard to reconcile
with temporal distinctiveness models of memory for serial
order.

Serial recall. Welte and Laughery (1971) examined
serial recall following increasing or decreasing presenta-
tion rates of nine-digit lists and found that items were less
well recalled in regions of the list where presentation rate
was relatively fast (i.e., late in the list for a decreasing-
gaps schedule). However, the effect was absent in an order
reconstruction task (see also Corballis, 1966b). Neath and
Crowder (1996) examined serial recall of five-item lists,
using increasing and decreasing schedules (in addition to
a control regular presentation rate) and fast presentation to
minimize rehearsal. Like Welte and Laughery, they found
that temporally crowded items were less well recalled. At
first blush, these results appeared to support temporal dis-
tinctiveness models of serial order. However, subsequent
experiments have shown that temporal isolation effects
are seen in serial recall only when the presentation sched-
ule is predictable (as in the Welte & Laughery and Neath
& Crowder experiments). When the temporal isolation of
items is randomized within each to-be-remembered se-
quence (Corballis, 1966a) and rehearsal during interitem
gaps is prevented, serial recall for an item is no better if
that item is temporally isolated (Lewandowsky & Brown,
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2005; Lewandowsky, Brown, Wright, & Nimmo, 2006).
This absence of a temporal isolation effect in serial recall
is found when presentation is auditory (Nimmo & Lewan-
dowsky, in press), when interitem gaps are large (Nimmo
& Lewandowsky, 2005), and when a probed recall task
is used (Lewandowsky et al., 2006). Lewandowsky et al.
concluded that unmodified temporal distinctiveness mod-
els of serial recall (e.g., Brown et al., 2000) are incorrect,
at least when presentation schedule is unpredictable, and
must be extended to incorporate a positional dimension
(Henson, 1999; Ng & Maybery, 2002).

Free recall. Temporal isolation effects might be ex-
pected to emerge reliably in free recall, in contrast to se-
rial recall, for at least two reasons. First, the signature of
temporal distinctiveness models, and of the telegraph pole
analogy generally, is a substantial and extended recency
effect when recall is immediate. Such recency effects
typically do not emerge in forward serial tasks of the type
reviewed above. Models could, therefore, abandon the ap-
plication of temporal distinctiveness to serial recall, while
preserving a time-based explanation of recency effects in
free recall tasks. However, given that temporal distinc-
tiveness models take much support from recency effects,
such models would be severely challenged if strong ef-
fects of recency, but not of temporal isolation, appeared
in the same experiment. We are unaware of any such
data. Although Lewandowsky et al. (2006) found some
recency but no effect of temporal isolation in a partial-
report probed recall task, the amount of recency was small,
in comparison with that typically observed in free recall
or positional probe recall tasks, with performance below
70% correct even for the final serial position.

A second consideration concerns the differing task de-
mands of serial and free recall. A serial recall task highlights
the positional, rather than the temporal, dimension; the task
is explicitly to recall the first item, then the second item,
and so on. There may, therefore, be little or no advantage in,
and perhaps a cost to, encoding order with such precision
in free recall or recognition tasks. More specifically, free
recall and recognition tasks do not require the recovery of
positional information for correct performance but, instead,
can be seen as tapping memory for items that occur within
a temporal window defined by the to-be-remembered list.
It would, therefore, be unsurprising if free recall and serial
recall encouraged differential emphasis on temporal and
positional dimensions, respectively.

Examination of temporal isolation effects in a tradi-
tional free recall paradigm therefore provides a crucial
test case. Unfortunately, existing data are scant, and the
results that do exist are open to alternative, nontemporal
explanations and/or are obtained using much shorter lists
than in traditional free recall. Neath and Crowder (1990)
used increasing and decreasing schedules of presentation
and examined free recall for five-item lists of letters or
word pairs. The results were consistent with the idea that
temporally crowded items are less well recalled, although
clear patterns independent of recency effects (which
formed the focus of the Neath & Crowder study) are dif-
ficult to discern. Glenberg and Swanson (1986) found

that increasing the temporal gap before the last of five
word pairs improved memory for that pair under auditory,
but not visual, presentation. Ronnberg (1980) examined
free recall of 10-word lists following increasing, decreas-
ing, constant, or random presentation schedules. When
list length was constant and a standard free recall proce-
dure was used, there was a clear tendency for items in the
more temporally crowded regions of the lists to be less
well recalled (see also Ronnberg, 1981). The interaction
was somewhat clearer when overall presentation rate was
fast, rather than slow, consistent with the possibility that
rehearsal, which was not prevented in the Rénnberg study,
may serve to mask temporal isolation effects.

Although various aspects of these studies (e.g., the use
of short lists or the failure to prevent rehearsal) inhibit
any definitive conclusion on temporal isolation effects in
free recall, one crucial aspect of all the studies in which
gap size effects have been analyzed is that presentation
consistently either increased or decreased throughout a
list. Strategic effects may, therefore, be present, as in serial
recall. In the first experiment below, therefore, we exam-
ined temporal isolation effects in free recall of lists, using
either increasing or decreasing schedules of presentation
when rehearsal was prevented; in the second experiment,
temporally random presentation was used.

EXPERIMENT 1

In Experiment 1, we examined the effects of temporal
isolation when (1) rehearsal was prevented and (2) lon-
ger lists of items, typical of those used in traditional free
recall paradigms, were used. A free recall paradigm was
used, with a continuous distractor task (rapid reading
aloud of digits in the intervals between the words to be
remembered) to prevent rehearsal. Predictable schedules
of either an increasing or a decreasing presentation rate
were used.

Method

Participants. Seventecn 1st-year students from the University
of Warwick participated for course credit. Four participants werc
replaced due to poor performance (less than 30% correct recall over-
all), in order to ensure sufficient analyzable data from the middle
portion of the serial position curve.

Stimull. Three hundred forty one-syllable nouns of four to six
letters and with a written word frequency between 10 and 50 words
per million were taken from the MRC Psycholinguistic Database
(Wilson, 1988). Twenty lists of 17 words were presented. The first
four lists served as practice trials, leaving 16 experimental trials.
Eight were from the decreasing condition; 8 were from the increas-
ing condition. The trials from the two conditions were presented in
random order.

Procedure. The participants were tested individually in a sound-
attenuating booth with the experimenter present. In the decreasing
condition, the number of digits presented between the items was as
follows: 7,7, 6, 6, 5,5,4,4,3,3,2,2, 1, 1, 0, and 0. The reverse
sequence was used for the increasing condition. Words were pre-
sented for 700 msec (500 msec on, 200 msec off), whereas digits
were presented for 500 msec (350 msec on, 150 msec off). A 150-
msec blank screen and then a recall signal followed the last item. The
participants had 1 min to recall orally as many words as they could,
regardless of order.
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Results

The responses were scored as correct if the item was
recalled from the last list presented. To illustrate the ef-
fects of temporal crowding independently of elapsed time,
Figure 1 shows the mean proportion of item recalled for
each schedule as a function of temporal recency of presen-
tation at the start of recall. (This method was used because
the time between an item’s presentation and the start of re-
call is confounded with condition. For example, the ninth
[middle] item was closer in time to the recall signal in the
decreasing condition than in the increasing condition.) It
is clear that temporal crowdedness exerts a strong effect
over and above presentation—recall delay, so that early-list
items were better remembered in the decreasing condition,
whereas the reverse was the case for late-list items (with
the exception of very recently presented items, which
were well recalled irrespective of presentation schedule).
These results appear to be consistent with the predictions
of temporal distinctiveness models.

Conventional statistical analysis was undertaken using
serial position as a factor. The first three and last five se-
rial positions were excluded from the analysis as buffer
items. (Adoption of this conservative procedure was mo-
tivated partly by the assumption of several extant mod-
els that edge effects may give rise to small serial position
effects for end items, partly to avoid ceiling effects for
recency items, and partly to exclude possible interpreta-
tions of any interaction in terms of a separate time- or
item-limited short-term store.)

A 2 X 9 (schedule of presentation X serial position)
ANOVA revealed no overall effect of the schedule of pre-
sentation [F(1,12) = 2.71, MS, = 0.017, p=.13] and no
significant effect of serial position [F(8,96) = 1.77, MS, =
0.017, p=.10], but a significant interaction [F(8,96) =
2.34, MS, = 0.024, p = .03].

The gap between the first two items predicted the dura-
tion of the following gaps, leading to the possibility that
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strategic effects occurred at encoding. We therefore asked
the participants at the end of the experiment if they had
been aware that the presentation schedule was always ei-
ther increasing or decreasing. Nine participants had not
noticed a difference between the two schedules, whereas
the other four had. An analysis revealed no significant dif-
ference between the two groups. Indeed, an examination
of the mean probability of recall for the first five serial
positions reveals that the difference between the increas-
ing and the decreasing schedules was larger for the par-
ticipants who were unaware (aware, .16 for increasing,
.30 for decreasing; unaware, .19 for increasing, .44 for
decreasing). Thus, the results seem difficult to explain in
terms of different encoding strategies.

A final issue concerns the possibility of output order
effects. Recall is not instantaneous, and the true time that
elapses between presentation and recall of a given item
will, therefore, depend on the time course and order of
recall. We therefore examined recall timing and order as
a function of condition (increasing vs. decreasing). First,
the time to initiate recall was similar for the increasing
(1.6 sec) and the decreasing (1.3 sec) conditions. The dif-
ference, although reliable [¢(12) = 6.5, p < .001], was
very small, relative to the temporal variation between
conditions (cf. Figure 1). Furthermore, in both conditions,
more than half the recalled items were output within the
subsequent 4 sec. Thus, the time course of recall was suf-
ficiently short that variations in the temporal protocol of
output across conditions could not significantly distort
the observed interaction. Potentially more important is the
order of recall. Recall order effects could contribute to
the observed interaction if, for example, early-list items
are recalled earlier in the decreasing condition than in the
increasing condition, leading to superior recall for those
items because of their earlier recall, rather than (or as well
as) their greater temporal isolation. Analysis revealed that,
if anything, the reverse was the case; Figure 2 shows the
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Figure 1. Serial position curves for the increasing and decreasing
schedule of presentation as a function of the time since item offset in

Experiment 1.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




720 BROWN, MORIN, AND LEWANDOWSKY

>

11 Decreasing

Proportion of Recalls

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Output Position

114 Increasing

Proportion of Recalls

1 2 3 4 5 6 7 8 9
Output Position

—=-SP1toSP7
—0—-SP8to SP 14
——SP 15
-0-SP 16
—e—-SP 17

10 11 12 13 14 15

Figure 2. Position of recall for (A) the decreasing gaps condition and
(B) the increasing gaps condition. Each line shows, for a given item (or
group of items), the proportion of time that item (or items) was recalled
in each output position. SP, serial position of presentation.

output recall positions separately for each of the most re-
cent 3 items, for the 8th through 14th items, and for the 1st
through 7th items. In general, the most temporally recent
items were recalled first, irrespective of their crowded-
ness. Thus, in the increasing-gaps condition, only the last
item was very temporally recent, and it was almost in-
variably the first to be recalled. In the decreasing-gaps
condition, in contrast, the last few items were all very
temporally recent, and each of them had a good chance
of being recalled in any of the first three output positions.
This is, of course, just what a temporal distinctiveness
model would predict; temporally recent items will benefit
most from their recency to the extent that they are recalled
after a short interval (before their relative distinctiveness
declines). Items presented in the first seven positions were
recalled slightly earlier in the increasing condition (mean
output position, 4.8) than in the decreasing condition
(mean output position, 6.3), allowing us to exclude the
possibility that the superior recall of early-presented items
in the decreasing condition reflected their earlier recall.

In summary, recall order effects cannot give rise to the
observed temporal isolation effects. Output order differ-
ences primarily affect only very recent items, and these
are recalled close to ceiling in any case.

Discussion

The results of Experiment 1 show clear effects of tem-
poral isolation. They extend the results of previous stud-
ies that have typically used shorter lists and/or failed to
prevent rehearsal. In general terms, the results therefore
appear to be consistent with the predictions of temporal
distinctiveness models. However, nontemporal models
might be able to explain the results if it is assumed that
some form of time-based trace consolidation occurs in the
temporal gaps following items. It seems unwise to assume
that all such processes could be prevented by the continu-
ous distractor methodology that was used. Furthermore, as
was noted earlier, studies of serial recall have shown that
the effects of temporal isolation disappear when schedules
are not predictable.

In Experiment 2, we therefore again examined free recall
and used the same set of preitem and postitem gaps. How-
ever, interitem gaps were chosen randomly for each list.

EXPERIMENT 2

Method
Participants and Apparatus. Twenty-two 1st-year students
from the University of Warwick participated voluntarily in exchange

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Proportion Correct

TEMPORAL ISOLATION AND FREE RECALL

721

1 3 5 7

9 1 13 15 17

Serial Position

Figure 3. Serial position curve regardless of the temporal gaps before

and after each item in Experiment 2.

for course credit. Six participants were replaced due to poor perfor-
mance (less than 30% of correct recall overall). One participant was
replaced due to exhibiting a bizarre pattern of results in which he
recalled only 2, 3, or 4 items from several of the early lists but then
apparently adopted a dramatically different strategy and recalled 12
and 14 items from the last two lists.

Stimuli and Procedure. Experiment 2 was identical to Experi-
ment 1 in all respects, except that a random order of gaps was used.
The same digit-filled gaps were used for the continuous distractor task
but were presented randomly within the list. The overall time taken to
present a list was thus constant and identical in both experiments.

Results

Figure 3 shows the overall serial position curve pro-
duced (averaged over all presentation schedules); it is evi-
dent that there was strong recency and small primacy, as
is expected when rehearsal is prevented (e.g., Tan & Ward,
2000).

Of more interest is the effect of temporal isolation. As
in Experiment 1, we ignored data from primacy (three
items) and recency (five items) buffers. We first examined
the effects of total temporal isolation (the sum of pre- and
postitem gaps) in item recall. To aid independence of ob-
servations, we looked only at performance on alternat-
ing serial positions (Items 4, 6, 8, 10, and 12). There are
inevitably fewer observations for extreme total isolations
(because there are few occasions when an item is both
preceded and followed by a very short or long gap).

There are 15 possible total temporal isolations, with
the shortest being 0 sec and the longest being 7 sec. We
collapsed these into seven pairs of adjacent temporal iso-
lations, ignoring the longest value. Proportion of recall is
shown as a function of total temporal isolation in Figure 4.
Recall probability increased with total temporal isolation,
rising from around 17% correct (when total temporal iso-
lation is <1 sec) to around 35% (when total temporal iso-
lation is >6 sec).

The strong effect of temporal isolation is consistent with
the predictions of temporal distinctiveness models. Next,

we examined the key prediction, made by such accounts,
of separate effects of both preitem gap and postitem gap.

To obtain sufficient data points, we used all nine serial
positions within the middle portion of the curve (exclusion
of primacy and recency buffers allowed us to ignore any
confound between gap duration and temporal recency).
Separate analyses were performed to examine the effects
of preitem and postitem interval on items in those serial
positions. (These analyses are not independent, because
the preitem gap for item » in one analysis will also be the
postitem gap for item n—1 in the other analysis.)

Prior to analysis, it was felt important to exclude con-
founds that might be introduced by sequential dependen-
cies in output. It is well established that a recall of, for
example, Item n is relatively likely to be followed by recall
of Item n+1 (Kahana, 1996; Laming, 1999), and indeed,
recent models have emphasized the importance of such

Proportion Correct

-15 T L) T
0 2 4 6 8

Total Temporal Isolation (sec)

Figure 4. Proportion of recall as a function of the total tem-
poral isolation in Experiment 2. The numbers that accompany
the points give the number of observations on which each point
is based.
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data (e.g., Howard & Kahana, 1999, 2002). Such effects
could lead to misleading apparent effects of preitem gap.
For example, suppose that on a given trial, Item » is re-
called because it is followed by a large temporal gap. Item
n+1 might then be recalled just because Item » has been
recalled—that is, even if there is no causal relationship
between the recall of Item n+1 and the large temporal
gap following Item » and, hence, preceding Item n+1.
Analysis might, nevertheless, note a statistical relation-
ship between preitem gap and recall probability. To ob-
viate this possibility as far as possible, we looked at the
effects of preitem gap only in cases in which the previous
item had not been recalled, and we looked at effects of
postitem gap only in cases in which the following item
had not been recalled.! Figures SA and 5B show the ef-
fects on recall probability of preitem gap and postitem
gap, respectively.

It is evident that there were clear effects of both preitem
gap and postitem gap and that the effects were similar in
magnitude. We computed, separately for each participant,
the correlation between preitem gaps and corresponding
recall probability and the correlation between postitem
gaps and corresponding recall probability. For the pre-
item gap, the mean (median) correlation was .29 (.35),
and this differed from zero [#(14) = 3.45, p < .005]. For

>

.30
.25 1
.20
AL
.10 A
.05

Recall Probability

0 05 1 15 2 25 3 35

Duration of Preitem Gap (sec)

35 1
.30 1
.25 4
.20 -
15 1
10 1
.05 1

Recall Probability

0 05 1 15 2 25 3 35

Duration of Postitem Gap (sec)

Figure 5. Proportion of recall as a function of preitem (A) and
postitem (B) gaps in Experiment 2.

the postitem gap, the effect was also significant: The mean
(median) correlation was .27 (.17), and this differed from
zero [t(14) =2.97, p < .05].

We also conducted separate regression analyses for
each participant and examined the regression coefficients.
The pattern of results was similar to that observed in the
analysis of correlations. For the effect of preitem gap, the
mean (median) regression coefficient was 7.1 (8.5), and
this was significantly different from zero [t(14) = 3.56,
P <.005]. The effect of postitem gap was also significant:
The mean (median) coefficient was 5.8 (3.2), and this was
significantly different from zero [#(14) = 3.11, p < .01].2

Discussion

The results of Experiment 2 are straightforward and mir-
ror the findings from Experiment 1, in that there was a clear
effect of temporal isolation on free recall. More important,
there was a clear effect of preitem gap that could not be ex-
plained by models that assume that apparent temporal isola-
tion effects, in fact, reflect some process such as consolida-
tion, rehearsal, or another process that could, by necessity,
occur only in the gaps following an item’s presentation.

SUMMARY AND CONCLUSION

Temporal distinctiveness models predict that an item’s
retrievability should be determined by the temporal gaps
preceding and following it. In serial recall, previous re-
search has shown effects of temporal isolation when pre-
dictable increasing or decreasing presentation schedules
are used. However, such effects largely disappear when
unpredictable schedules of presentation are used. In free
recall, in contrast, there has been a lack of unequivocal
evidence for or against temporal distinctiveness models,
despite ubiquitous accounts of recency effects in terms of
mechanisms involving temporal distinctiveness (although
see Davelaar et al., 2005).

The results of two free recall experiments in the present
article have shown clear effects of temporal isolation when
presentation schedule is either predictable (Experiment 1)
or unpredictable (Experiment 2). The results have a number
of theoretical implications, First, in the case of serial recall,
it may be argued that the disappearance of temporal iso-
lation effects when presentation schedule is unpredictable
(rather than either consistently increasing or consistently
decreasing) reflects the possibility that attending to a tem-
poral dimension is less useful under such circumstances. By
this argument, a temporal dimension might be used when
schedule is predictable, even if it is not when presentation
is random. The present data go some way to addressing this
possibility, at least in the case of free recall, because similar
effects of temporal isolation are found whether presentation
schedule is predictable or unpredictable.

A second, related point concerns the contrast between
serial and free recall. It was noted above that the task re-
quirements of serial recall highlight or even demand the
use of a positional dimension in a way that free recall does
not and that a task-induced focus on a temporal dimension
may distinguish free and serial recall. The present results
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are consistent with this possibility. However, we note that
the methodology used in the present free recall experi-
ments differs in a number of ways from that used in many
previous studies that have failed to show temporal isola-
tion effects in serial recall. Specifically, the experiments
we described above used words (an open pool), rather than
letters or digits, as stimuli, used longer lists than are typi-
cally used in serial recall tasks, and, in particular, used a
continuous distractor methodology, rather than articula-
tory suppression, to prevent rehearsal. Such methodologi-
cal differences may yet turn out to be important.

In summary, the present results appear to be consistent
with temporal distinctiveness models of free recall (e.g.,
Brown et al., 2002), mark a contrast between serial and
free recall in terms of reliance on temporal distinctive-
ness, and add indirect support to time-based accounts of
recency effects in free recall.
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NOTES

1. The analyses were repeated looking at all recalls (i.e., without ex-
cluding the case in which the items preceding, or following, a target item
were also recalled). The pattern of significant results was unchanged.

2. The analyses were repeated with a hierarchical linear regression
model, to permit estimates of the intercept term, plus the predictors, to
vary across participants, while computing the statistical significance of
those parameter estimates across all participants. The same pattern of
results was obtained.
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