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The article reports an experiment testing whether the Hebb repetition effect—the gradual improvement
of immediate serial recall when the same list is repeated several times—depends on overt recall of the
repeated lists. Previous reports which suggest that recall is critical confound the recall manipulation with
retention interval. The present experiment orthogonally varies retention interval (0 or 9 s) and whether
the list is to be recalled after the retention interval. Hebb repetition learning is assessed in a final test
phase. A repetition effect was obtained in all four experimental conditions; it was larger for recalled than
non-recalled lists, whereas retention interval had no effect. The results show that encoding is sufficient to
generate cumulative long-term learning, which is strengthened by recall. Rehearsal, if it takes place in the
retention interval at all, does not have the same effect on long-term learning as overt recall.
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The immediate serial recall of short lists of digits,
also known as “‘digit span”, is one of the best-
known and most used paradigms for studying
short-term memory. Yet long-term learning can
have a substantial impact on how well people can
repeat back a list of digits. One striking demon-
stration of long-term learning goes back to Hebb
(1961) and has been dubbed the “Hebb effect™:
When, unbeknown to participants, the same list is
repeated every third or fourth trial, performance
on the repeated list improves over the course of
the experiment, whereas accuracy on the remain-
ing lists, which are assembled at random, remains
unchanged.

Recent years have witnessed a surge of interest
in the causes of the Hebb effect (Couture,
Lafond, & Tremblay, 2008; Cumming, Page, &
Norris, 2003; Hitch, Fastame, & Flude, 2005; Page,

Cumming, Norris, Hitch, & McNeill, 2006).
This renewed interest is motivated by two theo-
retical developments. First, Baddeley and collea-
gues proposed that the “phonological loop” is a
device for acquiring new word forms (Baddeley,
Gathercole, & Papagno, 1998). If this is true,
there must be a mechanism for transforming
short-term memory traces of phoneme sequences
into long-term knowledge of words, and the Hebb
effect could be a direct reflection of that mechan-
ism (for initial supporting evidence see Mosse &
Jarrold, 2008; Szmalec, Duyck, Vandierendonck,
Mata, & Page, 2009). Second, Burgess and Hitch
(1999) proposed a computational model of serial-
order memory that contains a mechanism for
long-term learning and thereby makes testable
predictions for the Hebb effect. The failure
of these predictions (Cumming et al., 2003; Hitch
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et al., 2005) has motivated a revised version of
that model (Burgess & Hitch, 2006).

A question that attracted some interest in
earlier years but remains unresolved is: What
process leads to long-term acquisition of serial-
order information in the Hebb protocol? Three
candidate processes have been discussed: ini-
tial encoding, rehearsal, and recall. Cohen and
Johansson (1967a) were the first to propose that
recall is necessary for a Hebb effect to emerge.
They presented participants with lists of digits,
repeating the same list on every third trial, and
cued whether the list was to be recalled or
not immediately after presentation of each list.
When the repeated lists were never recalled
during the learning phase, they were not
remembered better than the control lists in a
final test phase.

In a follow-up study, Cohen and Johansson
(1967b) also found a Hebb effect in conditions
without overt recall when participants had the
opportunity, and were instructed, to rehearse the
nine-digit lists in groups of three. No Hebb effect
was found when participants were instructed to
group the list into two groups of five and four, and
when rehearsal was made difficult by a fast
presentation rate followed by immediate recall.
The authors concluded that rehearsal, not overt
recall, was the key to long-term learning. The
data from these two initial studies must be
interpreted with care because they suffer from a
lack of power (testing about 20 participants per
group, and testing memory for the repeated list
with a single trial), and the comparison between
conditions was not evaluated by testing the
interaction but only by judging whether the
Hebb effect was or was not significant in a given
group.

Cunningham, Healy, and Williams (1984) also
argued that ‘“‘active rehearsal” rather than recall
causes long-term learning. They suggested that
recall provides an opportunity for active rehear-
sal. Cunningham et al. tested this assumption by
again manipulating whether or not lists were
recalled. They presented on each trial lists of
eight consonants, grouped into two segments of
four, and post-cued which segment was to be
recalled. On every third trial the same list was
presented. In the “same” condition, the same
segment was cued for recall on four consecu-
tive repetitions of the critical list, whereas in the
“switched” condition, the recall cue indicated the
same segment on the first three repetitions and
switched to the other segment on the fourth
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repetition. Correct recall on the fourth repetition
was higher in the ‘“same” than the “‘switched”
condition, suggesting that repeated recall resulted
in better long-term learning than repeated
encoding of a segment without recall. Whether
encoding alone also generated long-term memory
cannot be assessed, because Cunningham et al.
did not report a comparison of performance in
the “‘switched” condition to that on non-repeated
lists.

A further interpretational problem of this study
is that partial recall of a memory list could have led
to inhibition of memory traces of the not-recalled
segment, which would have impaired long-term
learning of that segment. In the long-term learn-
ing literature, the analogous ‘‘part-list cueing”
method has been used to demonstrate retrieval-
induced forgetting of the words that were not
cued, and one explanation for the effect is that
competing memory traces are inhibited (Ander-
son, Bjork, & Bjork, 1994; Aslan, Biuml, &
Grundgeiger, 2007). If recall of one segment
involves inhibition of the other, one would not
expect long-term learning of the segments not
recalled in the experiment of Cunningham et al.
(1984).

A problem common to all previous studies
comparing long-term learning of lists recalled and
lists not recalled is that the lists not recalled can
be discarded from short-term memory immedi-
ately after the cue telling people not to recall the
list, whereas information about the recalled lists
must be maintained at least until the end of recall.
Therefore, the manipulation of recall versus no
recall is confounded with total maintenance
duration.

More recent studies provide indirect evidence
on the origin of the Hebb effect. Page et al. (2006)
found that articulatory suppression does not
diminish the Hebb effect. Because articulatory
suppression is believed to prevent at least one
form of rehearsal, this finding puts a constraint
on theories emphasising rehearsal as the mechan-
ism of long-term learning. One could argue,
however, that it is not articulatory rehearsal but
rather a more ‘‘active”, attention-demanding
form of rehearsal that produces long-term mem-
ory (Aldridge, Garcia, & Mena, 1987), and that
attentional rehearsal is not prevented by articu-
latory suppression (Hudjetz & Oberauer, 2007).

One study points to a role of encoding
processes in the Hebb effect. Following Bower
and Winzenz (1969), who found that the Hebb
effect is disrupted when the grouping pattern is
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changed across repetitions of the critical list,
O’Shea and Clegg (2006) manipulated the group-
ing pattern (which they call “chunking’) during
encoding, and the grouping pattern imposed
during recall. Changing the grouping pattern at
encoding diminished (but did not eliminate) the
Hebb effect, whereas changing the grouping
pattern of recall had little or no effect on the
degree of long-term learning.

Couture et al. (2008) have shown that learning
from repetitions of lists includes learning of
previous recall errors, thus providing some evi-
dence for the role of recall. This role, however,
could be beneficial or harmful to gradual learning
of the repeated list—whether learning one’s own
recall output leads to a net positive or negative
contribution of recall to the Hebb effect arguably
depends on how many errors are included in the
recall output.

To summarise, despite more than 40 years of
research there is no conclusive evidence on
whether encoding, rehearsal, or recall are neces-
sary or sufficient for generating the Hebb effect.
Resolving this basic question about where to look
for the cause or causes of the effect is important
to inform theories of the relation between short-
term and long-term memory (Burgess & Hitch,
2005).

The purpose of the present study is to provide
a further test of the contributions of encoding and
of recall to the Hebb effect. We used a variant of
the post-cue paradigm of Cohen and Johansson
(1967a) to manipulate recall. To improve on the
methodology of previous studies, we provided
more learning opportunities (10 repetitions of the
critical list) and tested memory for the repeated
lists four times rather than once. One problem
with the post-cueing method in previous experi-
ments is that it confounds recall with opportunity
for rehearsal (or any other process of building up
a long-term memory trace), because the recalled
lists would be maintained in memory during the
time it takes to recall them, whereas the lists not
recalled could immediately be removed from
memory after the cue. Therefore, we manipulated
the retention interval—and thereby the available
time for building a long-term memory trace—
independently of whether or not the critical list
was overtly recalled, by varying the time between
list presentation and the cue indicating whether
the list was to be recalled or to be discarded.

METHOD
Participants

A total of 56 students of the University of Pots-
dam participated for course credit or payment.
Their mean age was 24.6 years (range 19-46).

Design

Crossing list-cue interval and recall created
four conditions: immediate recall, delayed recall,
immediate discarding, and delayed discarding.
All variables were manipulated in a within-
participants design to increase statistical power.
Each participant completed two blocks of learn-
ing trials, each of which was followed by a series
of test trials. In each block, two conditions were
implemented in parallel, implying that partici-
pants had the opportunity to learn two critical
lists simultaneously. Simultaneous acquisition of
two lists in a Hebb paradigm has been reported
before (Burgess & Hitch, 2006), and therefore we
expected participants to show long-term learning
for both lists in parallel. One block combined
the immediate recall condition with the delayed
discarding condition, and the other block com-
bined the delayed recall with the immediate
discarding condition. The order of blocks was
counterbalanced across participants.

Materials

Memory lists were created by randomising the
order of the digits 1 to 9. Four lists were selected
as critical lists, one for each condition. The critical
lists were selected such that they shared no digit
in the same position, and no digit transition. The
assignment of each critical list to a condition was
counterbalanced across four groups of partici-
pants. The remaining lists served as fillers; they
were selected such that they did not share their
initial two digits with any of the critical lists.

In the learning phase of each block, partici-
pants attempted immediate recall of 50 lists,
consisting of 30 different filler lists, and 10
repetitions of each of the two critical lists, one
for each condition implemented in that block.
The critical lists of each condition were repeated
on every fifth trial; for one condition the critical
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list was repeated in trials 1, 6, 11, 16, and so on,
whereas for the other condition the critical list
was repeated in trials 3, 8, 13, 18, and so on. The
order of conditions within each block was coun-
terbalanced across participants.

The 10 repetitions of a critical list were always
followed by the cue specified by the correspond-
ing experimental condition (e.g., immediate
recall). Five of the filler lists were also followed
by the same kind of cue. Thus, for the two
experimental conditions implemented in each
block, there were 15 trials each (10 critical trials
plus 5 filler trials) that were followed by the kind
of cue specific to that condition. The remaining 20
filler trials were followed by one of the cues of the
two experimental conditions not implemented in
that block (10 filler trials for each kind of cue).
This mixing of all four kinds of cues served to
make the cue unpredictable from the preceding
interval. For instance, in the block implementing
the conditions immediate recall and delayed
discarding, participants saw 15 lists followed
immediately by a “recall” cue, 15 trials followed
after a delay by a ‘“don’t recall” cue, 10 trials
followed immediately by a “don’t recall” cue, and
10 trials followed after a delay by a “‘recall” cue.
The filler lists were assigned at random to
positions in the trial sequence not occupied by
the critical lists. Thus, participants could not
anticipate whether the cue would be displayed
immediately after the list or with a delay, and
which cue was to follow once they noticed that
the cue would be delayed.

The test phase following the learning phase of
each block consisted of 16 lists, which were all
recalled immediately. There were four repetitions
of each of the two critical lists that had been
repeated in the preceding learning phase, plus
eight filler lists. The critical lists of one condition
were repeated in positions 1, 5, 9, and 13, and the
other critical lists, in positions 3, 7, 11, and 15.

Procedure

On each trial the nine digits were presented one
by one on the centre of a computer screen for 900
ms, followed by a 100-ms blank screen. In the
immediate-recall condition the last digit was
immediately followed by a screen with a row of
nine horizontal lines, with a question mark
presented above the left-most line. The question
mark cued participants to enter the first digit via
the keyboard; no other keys but digits were
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accepted. With each digit that was entered, the
question mark moved to the next line; the
entered digit was not displayed. Participants
were instructed to recall all nine digits in forward
order. They could not correct a digit once
entered, and they had to enter nine digits,
guessing if necessary. After the final digit was
entered, a feedback statement of the form ‘X out
of 9 correct” was displayed for 2 s, followed by
the display of “Proceed with space bar”.

In the immediate-discard condition the instruc-
tion “Proceed with space bar” was displayed
immediately after presentation of the last digit.
In the two delayed conditions the row of nine lines
was displayed immediately after the end of list
presentation, but without a question mark. In the
delayed-recall condition the question mark ap-
peared above the left-most line after 9 s. In the
delayed-discard condition the instruction ‘Pro-
ceed with space bar” was displayed instead after 9
s. The delay interval of 9 s was chosen to match a
conservative estimate of the time for typed recall
of nine digits, based on data on typed recall times
(Dosher & Ma, 1998; Farrell & Lewandowsky,
2004). To anticipate, our data showed that this
guess was spot-on: Participants took an average of
9.3s(SD =3.7) torecall lists immediately, and 8.5 s
(SD =2.6) to recall lists after a delay.

The first learning phase was preceded by four
practice trials, one with each kind of cue with
each delay length.

RESULTS
Learning phase

The Hebb effect is usually demonstrated by
analysing accuracy on repeated and non-repeated
lists as a function of repetition. This analysis is
possible here only for the conditions in which lists
were recalled in the learning phase. Mean pro-
portion of digits recalled in the correct list
position is plotted in Figure 1 as a function of
repetition, separately for critical lists and filler
lists. For the filler lists we counted as 10 repeti-
tions the 10 filler lists in each block that were
followed by the recall cue immediately or with
delay, respectively.

The Hebb effect is visible as the steeper increase
of accuracy over repetition for critical lists than for
filler lists. This pattern was confirmed by a sig-
nificant linear contrast over repetition, F(1, 55) =
51.2, p <.001, n} = .48, which interacted with list
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Figure 1. Mean accuracy as a function of repetition in the
learning phase for critical (repeated) and filler (non-repeated)
lists. Error bars are 95% confidence intervals for within-
participant comparisons (Bakeman & McArthur, 1996).

type (critical vs filler), F(1, 55)=10.4, p=.002,
nf,=.16. The main effect of list type was also
significant, F(1, 55)=20.3, p<.001, n3=.27.
There was no main effect or interaction involving
delay, all F<1.

Test phase

In the test phase there were five conditions: trials
involving critical lists learned under four condi-
tions, and filler trials. Their mean accuracies are
plotted in Figure 2. The critical lists, averaged
across conditions, were recalled better than the
filler lists F(1, 55)=60.9, p <.001, n;=.52, con-
firming that the Hebb effect continued into the
test phase. The Hebb effect (i.e., the comparison
between the critical lists and the filler lists) was
significant for every single condition, as shown in
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Figure 2. Mean accuracy in the test phase for filler lists and
critical lists in the four experimental conditions; imm =
immediate, del =delayed, rec=recalled, disc=discarded.
Error bars are 95% confidence intervals for within-subject
comparisons (Bakeman & McArthur, 1996).

Table 1. This was also true when the analysis used
only the first occurrence of each critical list in the
test phase to compute the Hebb effects in each
condition. This result confirms that participants
learned two lists concurrently during the learning
phase, as first reported by Burgess and Hitch
(20006).

To investigate the role of retention interval and
of recall, accuracy on the critical lists was
analysed by an ANOVA with recall condition
and delay as variables. Accuracy was better in the
test phase for critical lists recalled than for those
discarded during the learning phase, F(1, 55) =
7.3, p=.009, nf,z .117. Delay had no effect, and
the interaction was not significant either, both
F<1.

How confident can we be in the null effect of
delay? There are two ways of approaching this
question. One is to estimate the power of finding
an effect with an expected size. Fortunately we
are in a situation to estimate the expected effect
size of a delay effect, based on one theoretical
assumption. It is commonly assumed in the
literature on verbal short-term memory that
people rehearse a list during an unfilled interval.
Rehearsal is often conceptualised as silently
recalling and re-encoding the list (Baddeley,
Thomson, & Buchanan, 1975; Page & Norris,
1998). A delay of 9 seconds should be sufficient to
rehearse a nine-digit list at least once. If rehearsal
is as efficient as overt recall in regenerating the
list for re-encoding, 9 seconds of unfilled delay
should increase the Hebb effect at least as much
as one recall. Therefore we can use the effect
size of recall as an estimate of the effect size of
delay under the assumptions about rehearsal
made explicit above. The effect size of recall in
the learning phase on memory performance in the
test phase was ng: 117, or f=.36, and for this
effect size (and an observed correlation between
accuracy on recalled and non-recalled lists of .61)
our experiment had a power of .999979 (com-
puted with G-power; Erdfelder, Faul, & Buchner,
1996). In other words, if delay had an effect as
large as overt recall it would have been virtually
impossible to overlook in the present experiment.
Even with an effect size only half as large as that
of overt recall (f=.18), power was .85, so that the
effect would be unlikely to be missed.

Another approach to assess the strength of
evidence in favour of a null hypothesis is by
comparing the fits of two ANOVA models, one
including the main effect of delay and one not
including it, by computing their likelihood ratio
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TABLE 1
Hebb effects in each condition

Immediate Recall Delayed Recall Immediate Discarding Delayed Discarding

Mean Hebb effect (SD) across four repetitions 13 (.16)
Mean Hebb effect (SD) for first repetition .10 (.20)
F (partial n?) for effect across four repetitions 38.1 (.41)
F (partial n?) for effect for first repetition 14.8 (.21)

15 (18) 09 (.14) 10 (.19)
11 (21) 06 (24) 10 (21)
39.3 (42) 20.1 (27) 16.4 (23)
172 (24) 33 (.06) 11.9 (.18)

All F values had df =1, 55, and p <.05. Mean accuracy of filler trials was .67.

(Glover & Dixon, 2004). The model including the
delay effect necessarily fits better, if only trivially
so, because it has one more free parameter. To
compensate for different model complexity, the
likelihood ratio is corrected to include penalties
for each model depending on its complexity.
Using the Qg correction that is based on the
Bayesian Information Criterion, we computed a
corrected likelihood ratio of 5.19 in favour of
the model without a main effect of delay. Using
the more lenient Q¢ correction that is based on
the Akaike Information Criterion, the corrected
likelihood was 2.12 in favour of the model with-
out delay. Thus, even when the effect size of delay
is regarded as a free parameter, the evidence
favours a model in which delay has no effect on
long-term learning.

DISCUSSION

Our experiment identified two factors that addi-
tively contribute to the Hebb effect: encoding and
recall. The effect of encoding was shown by the
Hebb effect for lists that were repeatedly encoded
without ever being recalled. The additional effect
of recall was shown by the larger Hebb effect
when lists were recalled. There was little evidence
that increasing the retention interval increased
long-term learning. Our results are consistent
with the studies of Cohen and Johansson
(1967a), Cunningham et al. (1984), and Couture
et al (2008), which already pointed to a role of
recall in the Hebb effect, but our results also
show, contrary to claims made by some earlier
authors, that recall is not a necessary condition
for the Hebb effect.

The outcome of our study is in good agree-
ment with the general literature on long-term
memory acquisition: Incidental learning experi-
ments (Craik & Lockhart, 1972; Hyde & Jenkins,
1969) show that every episode of processing
some material automatically leaves a long-term

memory trace of that episode. Research on
retrieval practice has established that retriev-
ing memory contents improves later memory
even more than re-encoding them (Karpicke &
Roediger, 2007). Finally, research on rehearsal
has established that mere maintenance in short-
term or working memory does little towards
building a long-term trace. Rather, long-term
learning requires processing of the maintained
material, so that the material is elaborated
(Greene, 1987) or at least attention is paid to it
(Aldridge et al., 1987; Phaf & Wolters, 1993).

Why does recall add to the Hebb effect? We
can think of two possible mechanisms that could
operate individually or jointly. One is that by
overtly recalling a list, participants generate a
reasonably good copy of the original list, encod-
ing of which strengthens the representation of the
original list in the same way as a second pre-
sentation would. Alternatively, overt recall could
provide retrieval practice, which has been shown
to improve long-term memory more than a
second exposure to the same material (Karpicke
& Roediger, 2007). It is possible that the same
beneficial effect of retrieval practice applies to
short-term memory as well.

Why does an unfilled retention interval not
add to long-term learning? A common assump-
tion in the literature on verbal short-term mem-
ory is that people use an unfilled delay for
rehearsal. Some support for this assumption
with regard to our study comes from participants’
self reports in a post-experimental questionnaire,
in which all but one reported having spoken
the digits to themselves silently or aloud. If we
assume that people used the unfilled delays for
articulatory rehearsal, our results imply that this
rehearsal does not contribute to long-term learn-
ing. This conclusion is consistent with the finding
of Page et al. (2000) that articulatory suppression
does not diminish the Hebb effect, because
articulatory suppression would render rehearsal
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through silent articulation of the memoranda
impossible.

The conclusion that recall promotes long-
term learning but articulatory rehearsal does
not raises a question about the nature of rehear-
sal. Rehearsal is often described as silently (or
even overtly) recalling and re-encoding the list
(e.g., Page & Norris, 1998). If that was so, it
should boost long-term memory just as much
as overt recall. We conclude that articulatory
rehearsal is in a significant way different from
overt recall. At present we can offer only some
speculations on that difference. It is hard to
imagine that re-articulation of verbal memory
contents can proceed without retrieving those
contents. However, people can choose to retrieve
and re-articulate only the subset of list items that
they have represented strongly in short-term
memory. Given the strong primacy gradient in
forward serial recall, these would typically be the
first few items. Consistent with this speculation,
Tan and Ward (2008), using an overt rehearsal
technique, found that people tended to rehearse
the first few list items in forward order but rarely
rehearsed the whole list of six items even when
given 5 seconds to do so. If during rehearsal
people retrieve only items that are easily avail-
able, they limit retrieval practice to those items
that least need it.' During overt recall, in
contrast, people are forced to produce a response
for each serial position, so that they are likely to
try harder to recall the items that are represented
only weakly. Therefore, overt recall also provides
retrieval practice to items with weak representa-
tions, and these items arguably have most to gain
from strengthening through practice, both with
regard to immediate recall and to long-term
learning.

Our speculation entails that if people were
led to rehearse the whole list, rehearsal would

! This assumption entails that the benefit of rehearsal for
maintaining information in short-term memory is also
confined to those items least in need. Readers might wonder
how such rehearsal can nevertheless completely prevent
forgetting over a 9-s interval—after all, the main effect of
delay on recall accuracy in the learning phase was non-
significant. This finding is easily explained by abandoning the
assumption that memory representations inevitably
deteriorate over time. Recent evidence strongly suggests that
representations in verbal short-term memory do not
deteriorate simply as a function of time (Lewandowsky,
Oberauer, & Brown, 2009; Oberauer & Lewandowsky,
2008). Therefore, the lack of forgetting over a 9-s interval is
entirely consistent with the assumption that the benefit of
rehearsal for memory is weak at best.

contribute to long-term memory. Consistent with
this implication, Cohen and Johansson (1967b)
found that rehearsal did increase the Hebb effect
when they instructed participants to rehearse the
list in groups of three. Future research could test
our prediction by directly comparing a condition
in which people are free to rehearse as much or as
little as they choose with a condition in which
they are instructed to rehearse the list in full.
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