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Examining the relationship between free recall
and immediate serial recall: Similar patterns
of rehearsal and similar effects of word length,
presentation rate, and articulatory suppression
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In five experiments, rehearsal and recall phenomena were examined using the free recall and immediate serial
recall (ISR) tasks. In Experiment 1, participants were presented with lists of eight words, were precued or post-
cued to respond using free recall or ISR, and rehearsed out loud during presentation. The patterns of rehearsal
were similar in all the conditions, and there was little difference between recall in the precued and postcued
conditions. In Experiment 2, both free recall and ISR were sensitive to word length and presentation rate and
showed similar patterns of rehearsal. In Experiment 3, both tasks were sensitive to word length and articulatory
suppression. The word length effects generalized to 6-item (Experiment 4) and 12-item (Experiment 5) lists.
These findings suggest that the two tasks are underpinned by highly similar rehearsal and recall processes.

Two commonly used tests of immediate memory are
the free recall task and the immediate serial recall (ISR)
task. In these tasks, participants are presented with a list of
words to remember, one at a time, and immediately after
the end of the list, they must try to recall as many of the
list items as they can. In free recall, participants are free
to recall the list in any order that they like. By contrast, in
ISR, participants must recall the words in exactly the same
order as that in which they had been presented.

Both tasks have provided classic evidence that has been
used to support the existence of a short-term memory
store (STS) of limited capacity. In free recall, participants
tend to recall more words from the beginning and the
end of the lists (known as primacy effects and recency ef-
fects, respectively; Murdock, 1962). The primacy effect is
widely assumed to reflect additional rehearsal or attention
afforded to the first list items (see Rundus, 1971; Tan &
Ward, 2000), whereas the classic explanation of the re-
cency effect is that it reflects the output of the contents of
the STS (e.g., Atkinson & Shiffrin, 1968; Glanzer, 1972).
In ISR, participants’ limited ability to recall a complete
short sequence of verbal items in the correct order has
been argued to reflect the capacity of the STS (Baddeley,
Thomson, & Buchanan, 1975; Miller, 1956).

However, there is current controversy over whether the
two tasks are underpinned by common theoretical mecha-
nisms. Currently, some authors argue that the two tasks

are underpinned by common memory mechanisms (e.g.,
Anderson, Bothell, Lebiere, & Matessa, 1998; Brown,
Neath, & Chater, 2007; Ward, 2001; Ward, Tan, & Bhat-
arah, 2008). However, there are many accounts of free re-
call that have not, as yet, been applied to ISR (e.g., Dave-
laar, Goshen-Gottstein, Ashkenazi, Haarmann, & Usher,
2005; Gillund & Shiffrin, 1984; Howard & Kahana, 2002;
Raaijmakers & Shifftrin, 1981) and many accounts of ISR
that have not, as yet, been applied to free recall (e.g., Bad-
deley, 1986, 2000, 2007; Brown, Preece, & Hulme, 2000;
Burgess & Hitch, 1992, 1999; Farrell & Lewandowsky,
2002; Henson, 1998; Nairne, 1988; Page & Norris, 1998).
This divergence in the free recall and ISR literatures might
seem surprising, given that both tasks were influential in
establishing the concept of an STS, but it remains con-
troversial to believe that the two tasks should be grouped
together in a common theoretical framework (for a recent
exchange of views on this issue, see Brown, Chater, &
Neath, 2008; Murdock, 2008).

Over the last few years, we have been examining the re-
lationship between free recall and ISR. First, we examined
whether the recency effect in free recall and ISR could
be underpinned by a common STS (Bhatarah, Ward, &
Tan, 2006). In a series of experiments, we replicated and
extended the work of Baddeley and Hitch (1974, 1977),
who asked participants to learn a list of 16 words for free
recall, with and without a concurrent six-digit memory
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load for ISR. Bhatarah et al. (2006) confirmed that the
relative magnitude of the recency effect in the free recall
of a 16-word list was unaffected by the presentation and
recall of a different set of six digits for ISR after each and
every word in the list, including the last. Bhatarah et al.
(2006) found that this lack of a trade-off between recency
and ISR extended to free recall under both visual and au-
ditory presentation of the words and under overt rehearsal
and fixed rehearsal instructions (Fischler, Rundus, & At-
kinson, 1970). In agreement with Baddeley and Hitch, we
interpreted this finding as evidence that the recency effect
in free recall and the capacity limits in ISR could not both
be signatures of the same limited capacity STS. Neverthe-
less, subsequent findings suggested a number of similari-
ties in the way in which the studied words were encoded
and retrieved on the two tasks.

In a series of follow-up experiments (Bhatarah, Ward,
& Tan, 2008), we examined whether participants used
similar or different encoding strategies on the two tasks.
‘We manipulated test expectancy, such that in precued con-
ditions, the participants always knew the task that they
would perform in advance of the list (precued free recall
and precued ISR), whereas in the postcued conditions, the
participants did not know the task to perform until after
the last word in the list had been presented (postcued free
recall and postcued ISR). We found that the shapes of the
serial position curve were different for the two tasks in the
postcued conditions: Postcued free recall was character-
ized by primacy and recency effects, whereas postcued
ISR was characterized by extended primacy effects and
very limited recency. Critically, there was little difference
between the data from the precued conditions and the data
from the postcued conditions on the two tasks. Further-
more, although the participants tended to start their recall
from different serial positions in the two tasks, the degree
to which there was a tendency to output in a forward order
was nevertheless strikingly similar (for similar findings
with slightly longer lists, see also Golomb, Peelle, Addis,
Kahana, & Wingfield, 2008). We argued that these data
could be most economically explained by assuming that
both tasks were underpinned by the same memory mecha-
nisms, which were characterized by recency and forward-
ordered recall.

In the present series of experiments, our aim was to
explore the relationship between free recall and ISR still
further by examining how the two tasks were affected by
factors linked directly or indirectly with rehearsal. We
used the overt rehearsal technique, manipulations of pre-
sentation rate (taken from the free recall literature); and
manipulations of word length and articulatory suppres-
sion (taken from the ISR literature) and applied all these
techniques and manipulations to both tasks.

Critically, we compared rehearsal and recall perfor-
mance on the two tasks under identical methodological
conditions. We were looking for similarities and differ-
ences in the patterns of overt rehearsals and similarities
and differences in the effects of the different variables on
the two tasks. To the extent to which we found common
patterns of data, we would be tempted to consider that the

two tasks share common memory mechanisms respon-
sible for rehearsal and recall processes.

EXPERIMENT 1

In Experiment 1, the patterns of rehearsals afforded to
the list items in free recall and ISR were examined using
the overt rehearsal method (Rundus & Atkinson, 1970),
in which participants are asked to say out loud any previ-
ous list items that come to mind during the study period.
The overt rehearsal method has been used extensively in
free recall (e.g., Brodie & Murdock, 1977; Rundus, 1971;
Tan & Ward, 2000), using longer lists of, say, 20 words,
but has also recently been examined in ISR (Tan & Ward,
2008), using shorter lists of 6 words. In both tasks, re-
call is enhanced following rehearsal at slow presentation
rates. However, unlike in previous studies, Experiment 1
compared performance on the two tasks directly, using
equivalent lists of 8 words under identical methodological
conditions.

We wished to examine whether participants might adopt
different rehearsal strategies if they knew in advance the
type of task with which they would be tested. Previous
examinations of this manipulation (Bhatarah et al., 2008)
suggested that free recall and ISR used highly similar
methods of encoding, but these previous experiments did
not measure the patterns of rehearsal.

Thus, each participant received four blocks of trials:
(1) a block of trials in which they knew in advance that
they would be tested by free recall (the precued free re-
call condition), (2) a block of trials in which they knew
in advance that they would be tested by ISR (the precued
ISR condition), and (3) two blocks of trials in which the
task to be performed at test was unknown to the partici-
pant during encoding but was cued only immediately prior
to recall (the blocks each contained postcued free recall
and postcued ISR trials in a randomized order). On all tri-
als, the participants saw a precue instruction, read aloud
a sequence of eight visually presented words, and then
saw a postcue instruction. The precue instruction either
informed the participants of the task to be performed at
test (the precued conditions) or else was a series of ques-
tion marks (the postcued conditions); the postcue instruc-
tion always informed the participants of the task to be
performed at test. An analysis of the rehearsal data across
both tasks would demonstrate any similarity or difference
in encoding and rehearsal between free recall and ISR.

Method

Participants. Twenty-four students from the University of Essex
participated in this experiment in exchange for £5.

Materials and Apparatus. The materials for each participant
consisted of 288 words randomly selected from a set of 478 words
taken from the Toronto Word Pool (Friendly, Franklin, Hoffman, &
Rubin, 1982). The materials were presented, using the Supercard
application, on an Apple Macintosh G4 computer with a 16-in. com-
puter monitor. A tape recorder was used to record the participants’
rehearsals and recall responses.

Design. The experiment used a within-subjects design. For each
task (free recall and ISR), there were two within-subjects indepen-
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dent variables: test expectancy, with two levels (precued or post-
cued), and serial position of the list items, with eight levels (Serial
Positions [SPs] 1, 2, 3,4, 5, 6,7, and 8).

Procedure. The participants were tested individually and were
informed that they would be shown 4 practice lists of eight words,
followed by 32 experimental lists of eight words. The experimental
trials were arranged into four blocks of eight trials. In one block,
the participants were always told in advance that the task would be
free recall; in a different block, the participants were always told
in advance that the task would be ISR; and in two other blocks, the
participants did not know in advance the task to be performed. Each
participant was randomly allocated to one of the 24 different order-
ings of the four blocks of trials. Each trial started with a warning
tone, followed after 3 sec by the precue instruction, which appeared
for 3 sec in the same position on the screen as the stimuli. The precue
instruction was “Any order” or “Same order” (in the precued free

(in the postcued conditions). After an additional 2 sec in which the
stimulus field was blank, there was a second warning tone, an ad-
ditional 1-sec pause, followed by the eight words presented one at a
time in the stimulus field in the center of the screen. The presenta-
tion rate was one word every 3 sec, with each word displayed for
1 sec and an additional 2-sec interstimulus interval in which the
stimulus field was blank. The participants were instructed to read

aloud each word as it was presented and also to say aloud any words
from the list that came to mind during the presentation of the list
items. After the last item, a postcue instruction was displayed for
2 sec that read either “Any order” or “Same order” (in the free recall
and ISR conditions, respectively). On the free recall trials, the par-
ticipants were free to recall the words in any order that they wished,
and on the ISR trials, they were instructed to recall the words in the
same order as that in which they had been presented (saying “blank”
when an item was forgotten, in order to maintain the serial position
of subsequent recalls). The participants then heard three beeps sig-
naling the start of the 25-sec recall period. A tape recorder was used
to record the participants’ overt rehearsals, as well as to record the
spoken items at recall.

Results

The results for the words recalled in free recall and ISR
were analyzed separately.

Free recall. The proportions of words recalled at each
serial position for the free recall tasks are shown in Fig-
ure 1A. A 2 X 8 within-subjects ANOVA with two fac-
tors—test expectancy (postcued or precued) and serial
position (SP 1, 2, 3,4, 5, 6, 7, or 8)—revealed a nonsig-
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Figure 1. Experiment 1: Serial position curves for the precued and postcued free recall (FR)
conditions (A) and the precued and postcued immediate serial recall (ISR) conditions (B).
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nificant main effect of test expectancy [F(1,23) = 0.95,
MS, = 0.021, p > .05], a significant main effect of serial
position [F(7,161) = 16.54, MS, = 0.039,p < .01],and a
nonsignificant interaction [F(7,161) = 1.19, MS, = 0.031,
p > .05]. Tukey HSD pairwise comparisons on the signifi-
cant main effect of serial position revealed significant dif-
ferences between SP 1 and each of SPs 2—6, between SP 2
and SP 5 (showing significant primacy), between SP 2 and
SP 8, and for all pairwise comparisons between SPs 7-8
and SPs 3—-6 (showing significant recency).

ISR. The proportions of words recalled in correct serial
order for each serial position in the ISR tasks are displayed
in Figure 1B. A 2 X 8 within-subjects ANOVA with two
factors—test expectancy (precued and postcued) and se-
rial position (SPs 1, 2, 3,4, 5, 6, 7, and 8)—revealed a
nonsignificant main effect of test expectancy [F(1,23) =
1.06, MS, = 0.042, p > .05], a significant main effect
of serial position [F(7,161) = 63.08, MS, = 0.041, p <
.001], and a nonsignificant interaction [F(7,161) = 0.86,
MS, = 0.013, p > .05]. Tukey HSD pairwise comparisons
on the significant main effect of serial position revealed
significant differences between SP 1 and SP 2, for every
pairwise comparison involving SPs 1-2 and SPs 3-8, and
for every pairwise comparison involving SP 4 and SPs
6-8 (showing significant primacy). There was no signifi-
cant recency advantage.

Number of rehearsals. Figure 2 shows the mean num-
ber of times that an item from a given serial position was
rehearsed. A 2 X 2 X 8, fully within-subjects ANOVA
with three factors—task (free recall or ISR), test expec-
tancy (postcued or precued), and serial position (SP 1, 2,
3,4,5,6,7, or 8§)—revealed a nonsignificant main effect
oftask [F(1,23) = 0.348, MS, = 0.463, p > .05], a nonsig-
nificant main effect of test expectancy [F(1,23) = 0.248,
MS, = 0.837, p > .05], and a significant main effect of
serial position [F(7,161) = 54.17, MS, = 2.489, p < .01].
The task X serial position interaction [F(7,161) = 1.90,
MS, = 0.192, p > .05] and the test expectancy X serial
position interaction [F(7,161) = 0.186, MS, = 0.335,
p > .05] did not reach significance. However, the task X
test expectancy interaction was significant [F(1,23) =

5.00, MS, = 0.82, p < .05], as was the task X test ex-
pectancy X serial position interaction [F(7,161) = 2.127,
MS, = 0.579, p < .05]. An examination of the simple
main effects showed that when postcued, the first words
in the list were rehearsed significantly more often for free
recall than for ISR, and when precued, the second and
third words in the list were rehearsed significantly more
often for ISR than for free recall.

Patterns of rehearsal. We examined the rehearsal data
further to see whether there were similar rehearsal pat-
terns across test conditions at different times during study.
We borrowed the term rehearsal set (RS) from the free
recall literature (e.g., Rundus, 1971) to denote that set of
rehearsals that are voiced in the interstimulus interval that
follows the presentation of each word. Using this nomen-
clature, RS 1 refers to the set of words rehearsed after the
presentation of the first word in the list, RS 2 refers to the
set of words rehearsed after the presentation of the second
word in the list, and so on, up to RS 8, which refers to
the set of words rehearsed after the presentation of the
eighth (and in this study, final) word in the list prior to
the recall cue. Figure 3 shows which words from the list
were rehearsed at least once in each RS in each of the ex-
perimental conditions. In each panel, the y-axis represents
the serial position of the words that were rehearsed, and
there are separate curves for the rehearsals afforded in the
intervals (RSs) following the eight different words in the
list. Panels A, B, C, and D demonstrate the proportions of
words rehearsed in the precued free recall, postcued free
recall, precued ISR, and postcued ISR conditions, respec-
tively. For all four conditions, there were similar declines in
the proportion of words rehearsed at later RSs and similar
distributions of words rehearsed across different RSs for
the four conditions. The participants nearly always obeyed
the instruction to read out loud the currently presented list
item. However, it is not strictly the case that these utter-
ances should be treated as a true rehearsal. Therefore, in
Figure 3, the currently presented word was counted as a
genuine rehearsal only if it was said out loud at least twice
at some point in the rehearsal set (the first utterance of the
stimulus was deemed to be simply obeying task instruc-
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Figure 2. Experiment 1: Mean number of rehearsals afforded to the words in the lists tested
in the precued and postcued free recall (FR) conditions and the precued and postcued im-

mediate serial recall (ISR) conditions.
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Figure 3. Experiment 1: Mean proportions of trials on which words from different serial positions were rehearsed at least once.
(A and B) Patterns of rehearsals in the precued and postcued free recall conditions, respectively. (C and D) Patterns of rehearsals in the
precued and postcued immediate serial recall (ISR) conditions, respectively. The eight separate lines in each panel plot the rehearsals
in the eight different rehearsal sets (RSs); a rehearsal set is simply the set of words that are rehearsed after each of the eight words in

the list, so that RS 6 refers to the set of words rehearsed after the sixth word in the list.

tions, but the second and further utterances of the stimulus
in the RS were deemed to be a genuine rehearsal).
Analysis of output order. We examined the order in
which the words were output at recall in the four condi-
tions. Table 1 shows the count of all the words recalled
in the four conditions, tabulated by the output order and
the serial position of the words in the list. Consistent with
task instructions, the participants who were required to
perform ISR initiated their recall with the first word in

the list. They also tended to proceed forward in their re-
call, leading to an increased density of responses along the
leading diagonals. Note that recall performance decreased
with output position: Later list items were neither recalled
in their correct position nor recalled in their incorrect po-
sition, suggesting that the primacy effects in ISR reflect a
loss in the accessibility of later list items. By contrast, the
dominant tendency for those who were required to per-
form free recall was to initiate output with a word from the
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Table 1
Analysis of Output Order in Experiment 1: Number of Words
Recalled As a Function of Task, Expectancy Condition,
and Serial Position

Serial Output Position

Position 1 2 3 4 5 6 7 8 Total

Precued Immediate Serial Recall

SP 1 151 3 1 2 1 1 159
SP2 3122 5 2 1 1 134
SP3 6 15 94 4 3 3 1 126
SP 4 7 10 19 69 9 2 1 1 118
SP 5 8 7 13 23 47 4 1 1 104
SP 6 4 9 9 21 28 38 5 1 115
SP 7 2 8 14 7 17 17 32 2 99
SP 8 1 2 9 16 10 18 16 30 102

Total 182 176 164 144 115 84 55 37 957

Postcued Immediate Serial Recall

SP 1 145 2 3 3 3 156
SP2 8 122 6 3 1 1 1 142
SP3 8 13 79 12 5 117
SP 4 5 8 15 63 6 3 100
SP5 6 10 20 20 52 4 2 1 115
SP 6 2 5 13 12 21 36 2 2 93
SP 7 3 10 8 13 18 21 25 4 102
SP 8 3 4 17 13 18 19 15 28 117
Total 180 174 161 139 124 84 45 35 942
Precued Free Recall
SP 1 45 12 19 25 34 11 9 2 157
SP2 2 24 13 27 22 19 9 4 120
SP3 3 7 40 21 29 14 6 4 124
SP 4 2 12 16 27 28 16 11 3 115
SP5 18 10 17 29 9 13 6 3 105
SP 6 22 27 27 18 16 11 2 2 125
SP7 36 54 26 17 8 7 2 1 151
SP 8 64 43 30 16 8 8 4 1 174
Total 192 189 188 180 154 99 49 20 1,071
Postcued Free Recall
SP 1 56 10 27 28 23 9 5 1 159
SP2 5 48 15 35 24 7 5 2 141
SP3 5 8 47 20 18 17 8 1 124
SP 4 5 10 9 39 14 17 10 4 108
SP 5 19 11 12 12 23 19 8 4 108
SP 6 25 25 22 8 15 13 6 2 116
SP7 31 44 20 20 18 5 5 5 148
SP 8 45 34 36 16 14 8 4 3 160
Total 191 190 188 178 149 95 51 22 1,064

second half of the list, although there was also a signifi-
cant minority of trials in both the precued and postcued
free recall conditions in which the participants started to
recall from SP 1.

Discussion

There were two main findings. First, there were differ-
ent serial position curves for free recall and ISR in the
postcued blocks of trials, which followed trends that were
very similar to those for the precued trials of each task.
Free recall performance across the serial position curve
demonstrated primacy and recency effects, and ISR per-
formance was characterized by extended primacy effects
and no recency. These data suggest that the differences in
the shapes of the serial position curves were due more to
the retrieval characteristics of the different tasks than to
differences in strategic encoding.

Second, the rehearsal schedules obtained from partici-
pant rehearsal protocols indicated similar, although not
identical, patterns of rehearsal across both tasks. In all
four conditions, there was a strong trend for early items to
be rehearsed the most and for the numbers of rehearsals
of study items to decrease as a function of serial position.
Furthermore, the distributions of rehearsals were very
similar for the four conditions across the different serial
positions within the lists at the different rehearsal sets.

Nevertheless, there were small but significant increases
in the number of rehearsals afforded to the second and
third words in the precued ISR condition, relative to the
precued free recall condition, which may reflect a small
strategic difference in the patterns of rehearsal in ISR,
where there is a greater necessity to maintain the acces-
sibility of early items at the time of test. We can, however,
propose no logical reason why the number of rehearsals
might be expected to change between the two postcued
conditions, suggesting that these small differences, at
least, must be attributed to Type I error.

Therefore, although there were only minor differences
in the patterns of rehearsals on the two tasks, there re-
mained large differences in the patterns of recall. This
combination of findings prompts important questions re-
garding the function of rehearsal: What does it do, and
how does rehearsal affect recall? Our supposition is that
the function of rehearsal in these immediate memory tasks
is to keep as many of the words in the list as accessible as
possible at the time of test. As Tan and Ward (2008) have
demonstrated, when participants perform ISR at medium
or slower presentation rates, their ability to access the start
of the list decreases if they do not rehearse but increases
if they do rehearse. Similarly, Tan and Ward (2000) have
also shown that early list items in free recall that are not
rehearsed show a dramatically reduced probability of
being recalled, but the recall probability of early list items
increases greatly following increases in the number, re-
cency, and distribution of rehearsals.

However, accessibility at the time of test is not the only
factor determining the shapes of the serial position curves.
The postcued data from Experiment 1 clearly demonstrate
that participants can exert some control over the order in
which they recall. The analysis of the output order in Ex-
periment 1 shows that participants who are postcued to
perform ISR can elect to initiate their recall with the very
first list item in ISR (on the majority of trials) and can
continue in a forward serial order, leading to patterns of
primacy effects. By contrast, participants who are postcued
to perform free recall can elect to output the later list items
first, thereby raising the level of recency (for additional
demonstrations of the flexibility of participants to recall
in different orders, see Bhatarah et al., 2008; Tan & Ward,
2007). The postcued free recall data show that there was
enhanced accessibility of the recency items at the time of
test, and the postcued ISR data show that this accessibility
greatly decreased following the output of earlier list items.
This suggests that the later list items in ISR are particularly
susceptible to output interference (see also Tan & Ward,
2007), a major factor determining the different shapes of
the serial position curves for the two tasks.
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EXPERIMENT 2

In Experiment 2, we again examined the patterns of
rehearsals and recalls in free recall and ISR and, addi-
tionally, manipulated variables commonly linked to the
ability to rehearse—namely, presentation rate (taken from
free recall literature) and word length (taken from the ISR
literature).

There is considerable evidence that free recall perfor-
mance increases with slower presentation rates (e.g., Bro-
die & Murdock, 1977; Glanzer & Cunitz, 1966; Tan &
Ward, 2000). It is widely assumed that a slower presenta-
tion rate gives participants more opportunity to rehearse.
However, there are different interpretations as to the ways
in which rehearsals may influence recall and also differ-
ent views about the mechanisms underpinning rehearsal.
According to the classic dual-store account of free recall
(e.g., Atkinson & Shiffrin, 1968, 1971; Glanzer, 1972),
rehearsal is performed within the short-term buffer within
the STS. At the slower rate, participants rehearse the words
more often, and the increased numbers of rehearsals cause
the words to be more strongly associated in the long-term
memory store (LTS), resulting in superior recall. Subse-
quent authors have additionally emphasized the impor-
tance of recency (Brodie & Murdock, 1977; Tan & Ward,
2000), and the distribution of rehearsals (Modigliani &
Hedges, 1987; Tan & Ward, 2000) on later recall. Lam-
ing (2006) has argued that an STS account of rehearsal
may not be necessary but, rather, that the mechanisms that
underpin rehearsal during encoding are the same as those
used at retrieval during recall.

The effect of presentation rate on ISR is more varied. In
some cases, a slower presentation rate gives rise to poorer
ISR performance (e.g., Conrad & Hille, 1958; Posner,
1964), whereas in other cases, a slower rate gives rise to
superior ISR performance (e.g., Mackworth, 1962; Tan &
Ward, 2008). The recent analyses of Tan and Ward (2008)
suggested that participants often attempt cumulative,
forward-ordered rehearsal at slower rates but have time
only to repeat aloud the currently presented item at faster
rates. Although slower rates led to superior recall overall
(presumably because of the additional benefits of forward-
ordered cumulative rehearsal), post hoc analyses showed
that when one considers only that subset of trials on which
there was no forward-ordered rehearsal, slower rates led to
worse recall than did faster rates. The data can readily be
accounted for by phonological loop accounts of ISR (e.g.,
Baddeley, 1986; Burgess & Hitch, 1999; Page & Norris,
1998): When participants maintained the list items through
rehearsal at the slower rates, this led to improved recall,
whereas if these items were not rehearsed, the slower rates
led to greater retention intervals for the earlier items, and so
these items were subject to greater trace decay.

To consider now the effects of word length, there is con-
siderable evidence and widespread agreement that ISR
performance decreases when the number of syllables in
the words in the list are increased from one up to three,
or even up to as many as five (Baddeley, 1986; Baddeley
et al., 1975). The word length effect in ISR has attracted
considerable theoretical interest because it is claimed that

it provides evidence in support of the concept of trace
decay (Baddeley, 2007; Cowan, 2005; Mueller, Seymour,
Kieras, & Meyer, 2003; Schweikert & Boruff, 1986),
although many alternative explanations have since been
proposed (e.g., Brown & Hulme, 1995; Hulme et al.,
2006; Hulme, Suprenant, Bireta, Stuart, & Neath, 2004;
Lewandowsky & Farrell, 2000; Lewandowsky & Ober-
auer, 2008; Nairne, 2002; Neath & Brown, 2006; Neath
& Nairne, 1995; Tehan & Tolan, 2007).

The working memory model (Baddeley, 1986) assumes
that the word length effect is a key empirical finding sup-
porting the existence of the phonological loop mechanism
of working memory that is used for both rehearsal and
recall in ISR. According to the phonological loop model,
the word length effect arises because longer words are re-
hearsed more slowly during encoding, so that the phono-
logical memory traces of long words are subject to more
decay, and may also arise at output, because longer words
will take longer to recall than shorter words. A number
of authors have emphasized the importance of output
delay in the word length effect in ISR (e.g., Dosher &
Ma, 1998), and this is consistent with the findings that
the word length effect is reduced when the output delay
is reduced in probed recall (Avons, Wright, & Pammer,
1994) and still present with presentation rates so rapid
that rehearsal during presentation is unlikely (Coltheart
& Langdon, 1998). However, a number of authors have
questioned whether articulatory duration is the critical
factor (Service, 1998; Tolan & Tehan, 2005) or whether
the effect of articulatory duration might be restricted to a
limited stimulus set (Bireta, Neath, & Surprenant, 2006;
Caplan, Rochon, & Waters, 1992; Lovatt, Avons, & Mas-
terson, 2000, 2002).

By contrast, there has been far less interest in whether
a word length effect exists in free recall. Early investiga-
tions scrutinized whether the recency effect in free recall
was particularly sensitive to word length, in order to see
whether the recency effect and ISR might share a common
STS explanation, but no such heightened sensitivity was
found (e.g., Watkins, 1972). Nevertheless, those studies
that have examined the effect of word length on free recall
have also shown a detrimental overall effect of increased
word length when monosyllabic words were compared
with polysyllabic words (Russo & Grammatopoulou,
2003; Salthouse, 1980; Watkins, 1972).

Although some published studies have examined the ef-
fects of presentation rate and word length on free recall and
ISR, direct comparisons are complicated by the fact that the
methods of presentation used in free recall and ISR tasks
have rarely, if ever, been identical in terms of list length, pre-
sentation rate, and the stimulus sets that were used. Experi-
ment 2 sought to circumvent these problems by examining
the effects of presentation rate and word length on free recall
and ISR under identical methods of presentation. Because
one of the main aims of the study was to examine the role of
rehearsal in these tasks, we continued with the overt rehearsal
method that we used in Experiment 1 (Rundus & Atkinson,
1970) throughout all the conditions. To our knowledge, this
is the first attempt to explicitly measure rehearsal while ma-
nipulating word length in an immediate memory task.
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In Experiment 2, we used three different word lengths
and two different presentation rates. The participants were
presented with lists of eight words for free recall and ISR.
Each word was presented visually on the computer screen
for 1 or 2.5 sec. The participants read each word aloud
as it was presented and, at test, recalled the list items in
any order that they liked (free recall) or in the same order
as that in which they had been presented (ISR). The lists
of words selected for the experiment consisted of words
of one, three, or five syllables from a large open set
of words.

Method

Participants

Twenty-four students from the University of Essex participated in
this experiment in exchange for course credit. None had taken part
in Experiment 1.

Materials and Apparatus

The materials consisted of a pool of 205 one-syllable words, a
pool of 205 three-syllable words, and a pool of 205 five-syllable
words. The words were selected from the Oxford Psycholinguistic
database (Quinlan, 1992), with frequencies of occurrence of 2—88
per million on the basis of Kucera and Francis’s (1967) norms, and
the mean frequencies for each word length were matched. The ma-
terials were presented, using the Supercard application, on an Apple
Macintosh G3 computer, with a 16-in. monitor.

Design

The experiment used a within-subjects design with three indepen-
dent variables: presentation rate with two levels (fast or slow), word
length with three levels (long, medium, or short words), and serial
position with eight levels (SPs 1-8).

Procedure

The participants were tested individually and were informed that
they would be shown 2 practice lists of eight words, followed by
72 experimental lists of eight words for free recall and ISR. The
experimental lists were divided into four blocks of 18 trials. In order
to keep the task requirements as easy to follow for the participants
as possible, the same task (free recall or ISR) was always used in
the first two blocks, and the same presentation rate (fast or slow)
was always used in the first and third blocks. There were, therefore,
four permissible block orders, and these four orders were counter-
balanced across participants. The participants were instructed as to
which task to perform prior to the presentation of the stimuli in each
block. For the 18 trials in each block, there were 6 trials of eight
long words, 6 trials of eight medium words, and 6 trials of eight
long words. The order of the 18 trials was randomized within each
block. On all the trials, the participants were instructed to read aloud
each word as it was presented on the screen and also to rehearse
out loud any words that came to mind during the study phase. Each
trial began with a warning tone, followed after 1 sec by a series of
eight words. The words were presented individually in the middle
of the computer screen for 1 sec in the fast presentation condition
and 2.5 sec in the slow presentation condition. After the last word
from the study list had been presented, a series of beeps signaled
the beginning of the 25-sec recall period for verbal recall. A tape
recorder was used to record the participants’ rehearsal protocols and
recall performance.

Results

Free Recall
Serial position. Figures 4A and 4B show the serial
position curves for free recall in the fast and slow con-

ditions, respectively. A 2 X 3 X 8 fully within-subjects
ANOVA with three factors—presentation rate (fast or
slow), word length (short, medium, or long words), and
serial position (SPs 1-8)—revealed a significant main
effect of presentation rate [F(1,23) = 34.83, MS, =
0.032, p <.001], a significant main effect of word length
[F(2,46) = 125.4, MS, = 0.035, p < .001], and a sig-
nificant main effect of serial position [F(7,161) = 91.85,
MS, = 0.08,p < .001].

The presentation rate X word length interaction was
not significant [F(2,46) = 0.622, MS, = 0.025, p > .05].
However, the presentation rate X serial position interac-
tion was significant [F(7,161) = 6.30, MS, = 0.038,p <
.001], as was the word length X serial position interac-
tion [F(1,23) = 10.39, MS, = 0.025, p < .01]. Finally,
the three-way presentation rate X word length X se-
rial position interaction was not found to be significant
[F(14,322) = 1.27, MS, = 0.03, p > .05].

A simple main effects analysis performed on the inter-
action between presentation rate and serial position re-
vealed that the recall advantage for the words presented at
a slow rate was limited to the first four serial positions. A
simple main effects analysis performed on the interaction
between word length and serial position showed that the
significant word length effects were limited to the first six
serial positions.

Number of rehearsals. Figures 5SA and 5B show the
numbers of rehearsals afforded to words in each of the
serial positions for the fast and slow conditions, respec-
tively, in the free recall task. A 2 X 3 X 8 fully within-
subjects ANOVA with three factors—presentation rate
(fast or slow), word length (long, medium, or short), and
serial position (1-8)—revealed a significant main effect
of presentation rate [F(1,23) = 29.70, MS, = 2.235,p <
.001], a significant main effect of word length [F(2,46) =
31.03, MS, = 0.470, p < .001], and a significant main
effect of serial position [F(7,161) = 19.73, MS, = 0.520,
p < .001]. All two-way interactions were significant:
presentation rate X word length interaction [F(2,46) =
27.25, MS, = 0.307, p < .001], presentation rate X serial
position [F(7,161) = 29.26, MS, = 0.214, p < .001], and
word length X serial position [F(14,322) = 20.89, MS, =
0.075, p < .001]. The three-way interaction was also sig-
nificant [F(14,322) = 19.42, MS, = 0.056, p < .001].

A simple main effects analysis of the three-way inter-
action revealed that at a fast presentation rate, there was
little rehearsal beyond that instructed when the words are
read aloud upon presentation. At the fast rate, there was no
significant increase in rehearsals for early list items and
no significant increases in rehearsals for shorter words.
By contrast, there were far more overt rehearsals at the
slow presentation rate. At the slow rate, short words were
rehearsed more often, overall, than were medium words,
which, in turn, were rehearsed more often than were long
words. Within the short and medium word lengths, there
were significantly more rehearsals for early list items than
for later list items. There was, however, little rehearsal of
the long words presented at any serial position at the slow
presentation rate.
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Figure 4. Experiment 2: Serial position curves for the lists of short, medium, and long words presented at a fast rate (A) or a slow
rate (B) for free recall. The lower panels show the serial position curves for the lists of short, medium, and long words presented at a

fast rate (C) and a slow rate (D) for immediate serial recall.

Immediate Serial Recall

Serial position. Figures 4C and 4D show the serial
position curves for the ISR task at the fast and slow pre-
sentation rates, respectively. A 2 X 3 X 8 fully within-
subjects ANOVA with three factors—presentation rate
(fast or slow), word length (long, medium, or short), and
serial position (1-8)—revealed a significant main effect
of presentation rate [F(1,23) = 21.51, MS, = 0.085, p <
.001], a significant main effect of word length [F(2,46) =
61.54, MS, = 0.050, p < .001], and a significant main
effect of serial position [F(7,161) = 25.88, MS, = 0.118,
p < .001]. The presentation rate X word length interac-
tion was found to be significant [F(2,46) = 5.52, MS, =
0.029, p < .01], as was the word length X serial position
interaction [F(14,322) = 13.73, MS, = 0.027, p < .001].
The presentation rate X serial position interaction did not
reach significance [F(7,161) = 1.45, MS, = 0.029, p >
.05]. The three-way presentation rate X word length X
serial position interaction also did not reach significance
[F(14,322) = 0.834, MS, = 0.019, p > .05].

A simple main effects analysis of the presentation
rate X word length interaction showed an advantage for
the slow presentation rate over the fast presentation rate

when the word length was short or medium, but not when
it was fast. In addition, the extent of the word length ef-
fect was exaggerated at slow rates, relative to fast rates. A
simple main effects analysis of the word length X serial
position interaction revealed a simple main effect of word
length only at the first four serial positions and significant
primacy and recency effects at all three word lengths, with
the degree of primacy enhanced at shorter word lengths.
Number of rehearsals. Figures 5C and 5D show the
numbers of rehearsals afforded to words in each of the
serial positions for the fast and slow conditions, respec-
tively, in ISR. A 2 X 3 X 8 fully within-subjects ANOVA
with three factors—presentation rate (fast or slow), word
length (long, medium, or short), and serial position
(1-8)—revealed a significant main effect of presentation
rate [F(1,23) = 53.37, MS, = 1.477, p < .001], a signifi-
cant main effect of word length [F(2,46) = 37.22, MS, =
0.455, p < .001], and a significant main effect of serial
position [F(7,161) = 19.75, MS, = 1.228, p < .001]. All
two-way interactions were found to be significant: presen-
tation rate X word length [F(2,46) = 30.62, MS, = 0.276,
p <.001], presentation rate X serial position [F(7,161) =
45.34, MS, = 0.182, p < .001], and word length X serial
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Figure 5. Experiment 2: Mean number of rehearsals afforded to the words in the lists tested in the fast (A) and slow (B) free recall
conditions and the fast (C) and slow (D) immediate serial recall conditions.

position [F(14,322) = 22.03, MS, = 0.088, p < .001].
The three-way interaction was also found to be significant
[F(14,322) = 17.42, MS, = 0.060, p < .001].

A simple main effects analysis of the three-way inter-
action showed that at the fast presentation rate, there was
little or no additional overt rehearsal at any word length
or serial position. By contrast, at the slow presentation
rate, there were significant increases in the number of
overt rehearsals, but these were limited to the short- and
medium-length words, which occupied early serial posi-
tions in the list.

Analysis of Output Order

Tables 2A-2D show the count of the words recalled in
all the different conditions, tabulated by the output order
and the serial position of the words in the list. The domi-
nant tendency for the participants who were required to
perform ISR was to initiate their recall with the first word
in the list and then proceed forward in their recall (note the
increased density of responses along the leading diago-
nals). However, the ability to access the first item in the
list was affected by both the presentation rate and the word
length: The participants were much more likely to initiate

recall with the first word in the list with shorter words and
at the slower presentation rate. The dominant tendency for
the participants who were required to perform free recall
was to initiate their recall from the second half of the list.
However, on a minority of the trials, there was also a ten-
dency for the first word in the list to be recalled first in the
free recall conditions. The size of this minority tendency
increased at the slower rate and with shorter words.

Discussion

There were four main findings in Experiment 2. First,
the patterns of rehearsal afforded to the words during the
free recall task were strikingly similar to those afforded to
words during the ISR task. In both tasks, there was little or
no extra rehearsal of words presented at the fast rate. How-
ever, at the slow presentation rate, there was considerable
rehearsal in both tasks for short and medium-length words
that occupied early list positions.

Second, despite the similar patterns of rehearsals, the
shapes of the serial position curves differed for the two
tasks. In the free recall task, there was greater recency and
less primacy, whereas in the ISR task, there was greater
primacy and less recency. The demonstration that the two



FREE RECALL AND IMMEDIATE SERIAL RECALL 699

Table 2A
Analysis of Output Order in Experiment 2: Number
of Words Recalled at Each Output Position As a Function
of Experimental Task, Word Length, and Serial Position
in the Immediate Serial Recall Fast Presentation Condition

Table 2B
Analysis of Output Order in Experiment 2: Number
of Words Recalled at Each Output Position As a Function
of Experimental Task, Word Length, and Serial Position
in the Immediate Serial Recall Slow Presentation Condition

Output Position

Output Position

Serial Serial

Position 1 2 3 4 5 6 7 8 Total  Position 1 2 3 4 5 6 7 8 Total

Long Words Long Words
SP1 34 2 3 0 1 0 0 1 41 SP 1 43 1 1 0 2 1 0 0 48
SP2 0 19 3 2 0 0 0 0 24 SP2 7 29 2 3 1 0 2 0 44
SP3 1 312 3 0 4 1 0 24 SP3 1 4 13 3 0 0 1 0 22
SP 4 1 3 2 4 2 0 1 0 13 SP 4 0 1 6 6 3 0 0 1 17
SP5 3 3 4 4 8 3 1 1 27 SP5 1 1 1 10 12 2 3 0 30
SP 6 5 8 5 3 9 5 4 0 39 SP 6 1 1 4 2 5 16 2 2 33
SP 7 1 5 6 8 1 7 22 0 50 SP7 0 2 1 0 7 8 28 3 49
SP 8 10 1 0 2 10 7 8 44 88 SP 8 3 2 2 1 3 6 8 43 75
Total 55 44 35 26 31 26 37 46 306 Total 56 41 30 25 33 33 44 49 318
Medium Words Medium Words
SP 1 77 3 0 2 0 0 0 0 82 SP 1 91 2 1 0 2 1 0 0 97
SP2 1 41 4 2 1 1 0 1 51 SP2 0 62 3 1 1 2 0 0 69
SP 3 3 31 5 2 0 1 0 48 SP3 2 7 41 3 0 1 1 0 55
SP 4 3 5 10 22 8 0 1 1 50 SP4 5 2 10 27 5 1 0 1 51
SP 5 3 2 11 11 13 3 1 1 45 SP5 1 7 4 7 26 2 3 1 51
SP 6 1 10 5 7 8 10 4 2 47 SP 6 1 1 2 8 12 23 3 1 51
SP7 3 6 10 3 10 14 19 3 68 SP7 0 0 2 5 7 11 33 4 62
SP 8 6 2 1 6 7 6 7 46 83 SP 8 1 0 2 4 5 3 8 53 76
Total 97 75 72 58 49 34 33 54 474 Total 101 81 65 55 58 44 48 60 512
Short Words Short Words

SP 1 96 2 3 0 0 0 0 0 101 SP 1 114 3 3 0 0 0 0 0 120
SP2 5 60 6 3 1 1 0 0 76 SP2 0 96 4 0 0 0 0 0 100
SP3 2 10 35 6 5 0 0 0 58 SP3 1 7 56 7 1 0 2 0 74
SP4 1 5 11 26 0 2 0 1 46 SP 4 1 313 37 2 0 0 1 57
SP5 4 312 11 15 3 4 1 53 SP5 1 1 7 18 28 3 0 1 59
SP 6 2 6 7 12 10 15 3 0 55 SP 6 0 0 3 8 11 26 4 2 54
SP7 3 6 7 4 11 8 20 2 61 SP7 1 0 0 2 9 8 26 0 46
SP 8 6 4 2 5 8 9 4 35 73 SP 8 0 1 2 1 6 9 6 55 80
Total 119 96 8 67 50 38 31 39 523 Total 118 111 8 73 57 46 38 59 590

tasks give rise to rather different serial position curves
despite similar encoding strategies supports the findings
obtained in Experiment 1.

Third, there were clear effects of word length for both
tasks and presentation rates, and the word length effects
were limited to the early list positions in all four condi-
tions. It should be noted that at the fast presentation rate,
there was little or no rehearsal of the words, yet there were
still clear word length effects, consistent with the idea that
some aspects of word length effects may arise at recall,
even when rehearsal is reduced or prevented during the
encoding of the list (Baddeley & Lewis, 1984; Coltheart
& Langdon, 1998).

Finally, it was interesting to note that there were simi-
larities and subtle differences in the interactions between
presentation rate, word length, and serial position across
the tasks. For both tasks, the effect of word length was
far greater at early serial positions. Specifically, the dif-
ference between the proportion of words recalled for the
short words and for the long words at SP 1 was +.417 for
free recall and +.462 for ISR, but these advantages gradu-
ally declined throughout the list, so that the advantage was
reversed at SP 8 in free recall (—.066) and was reduced
close to zero in ISR (+.010).

However, the effect of presentation rate interacted with
different variables on the two tasks, perhaps reflecting the
different output orders that were typically used on the two
tasks. In free recall, participants are free to output in any
order that they choose, and they typically output the recency
items first. The recency items are, therefore, almost always
correctly recalled, regardless of the presentation rate, and
it is only the early list items that benefit from a slow rate
(perhaps because they were rehearsed toward the end of the
list, increasing their accessibility; Tan & Ward, 2000). In
ISR, participants must initiate recall with the first list item
and then output in a forward order. In an eight-item list, re-
call of the first word in the list is difficult in the absence of
rehearsal, and the last words in the list cannot benefit from
immediate recall but must wait until earlier items have been
output. Therefore, all serial positions benefited equally from
the slow rate, but the short words benefited more than the
long words from the slow rate (because the short words were
particularly easy to rehearse at the slow rates).

Overall, there were a number of similarities between
the patterns of overt rehearsals and the effects of word
length and presentation rate on performance on the free
recall and ISR tasks. This line of enquiry was continued
in Experiment 3.
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Table 2C
Analysis of Output Order in Experiment 2: Number
of Words Recalled at Each Output Position As a Function
of Experimental Task, Word Length, and Serial Position
in the Free Recall Fast Presentation Condition

Table 2D
Analysis of Output Order in Experiment 2: Number
of Words Recalled at Each Output Position As a Function
of Experimental Task, Word Length, and Serial Position
in the Free Recall Slow Presentation Condition

Output Position

Serial Output Position Serial

Position 1 2 3 4 5 6 7 8 Total Position 1 2 3 4 5 6 7 8  Total

Long Words Long Words
SP1 7 4 7 4 0 0O 0 0 22 SP 1 4 4 17 12 5 0 0 0 42
SP2 2 0 6 2 2 0O 0 0 12 SP2 1 3 16 8 5 1 0 0 34
SP3 0 6 10 6 0 0O 0 0 22 SP3 0 5 9 8 2 1 0 0 25
SP 4 4 3 12 8 1 0O 0 0 28 SP 4 3 5 9 11 0 1 0 0 29
SP5 2 3 11 1 2 1 0 0 20 SP5 5 9 6 6 6 0 1 0 33
SP 6 10 16 20 5 0 0O 0 0 51 SP 6 9 20 31 4 3 0 0 0 67
SP7 22 73 15 1 0 0o 0 0 111 SP7 18 64 12 2 0 0 0 0 96
SP 8 95 27 8 1 0 0O 0 0 131 SP 8 103 29 3 0 1 0 0 0 136
Total 142 132 89 28 5 1 0 0 397 Total 143 139 103 51 22 3 1 0 462
Medium Words Medium Words
SP 1 17 5 9 15 7 4 1 0 58 SP 1 16 7 16 24 8 3 4 0 78
SP2 0 6 14 12 10 31 0 46 SP2 7 15 11 17 12 6 0 0 68
SP3 2 5 9 12 6 3 0 0 37 SP3 2 6 19 12 11 7 0 0 57
SP 4 1 6 10 14 8 2 0 0 41 SP 4 4 4 12 14 8 5 0 0 47
SP5 4 4 26 19 2 1 0 0 56 SP5 10 7 15 16 12 3 0 0 63
SP 6 18 13 36 17 3 1 0 0 88 SP 6 7 24 35 13 6 2 0 0 87
SP7 25 74 9 7 1 0o 0 0 116 SP7 20 52 22 6 3 3 0 0 106
SP 8 76 27 24 5 3 0O 0 0 135 SP 8 78 25 10 11 7 1 0 0 132
Total 143 140 137 101 40 14 2 0 577 Total 144 140 140 113 67 30 4 0 638
Short Words Short Words

SP 1 34 5 11 9 11 7 1 0 78 SP 1 50 10 14 12 12 8 0 0 106
SP2 3 16 4 11 10 3 3 0 50 SP2 4 38 11 14 8 7 4 0 86
SP3 4 4 16 14 8 7 0 1 54 SP3 1 8 27 8 14 4 2 0 64
SP4 2 7 12 16 8 1 2 0 48 SP4 5 1 14 26 16 5 1 0 68
SP5 9 9 21 19 3 5 1 0 67 SP5 8 6 9 19 14 5 3 1 65
SP 6 18 13 26 19 7 1 0 0 84 SP 6 10 24 23 11 11 10 2 0 91
SP7 23 57 20 6 6 0o 0 0 112 SP7 20 32 29 12 8 5 4 1 111
SP 8 51 27 21 15 7 8§ 0 0 129 SP 8 45 22 12 20 10 7 2 1 119
Total 144 138 131 109 60 32 7 1 622 Total 143 141 139 122 93 51 18 3 710

EXPERIMENT 3

In Experiment 3, the effects of word length and articu-
latory suppression on free recall and ISR were examined.
It is well known that the word length effect is normally
found in ISR when the words are presented with both vi-
sual and auditory presentation and that ISR performance
is also affected by articulatory suppression (Levy, 1971;
Murray, 1968). However, when participants are required
to recall lists of short and long words with and without
articulatory suppression, the word length effect persists
with auditory presentation but is eliminated (Baddeley,
Lewis, & Vallar, 1984; Baddeley et al., 1975; Longoni,
Richardson, & Aiello, 1993) or reduced (La Pointe &
Engle, 1990; Russo & Grammatopoulou, 2003) under vi-
sual presentation.

There is, by comparison, very little research in which the
effects of articulatory suppression on free recall have been
examined. In an early study by Richardson and Baddeley
(1975), a common STS explanation of the recency effect in
free recall and ISR was examined. The researchers exam-
ined whether the recency effect in free recall might be par-
ticularly susceptible to articulatory suppression. However,
they found that the recency effect was not differentially

sensitive to articulatory suppression but, rather, that free
recall was impaired at all serial positions with lists of 10
and 16 words. A later study by Russo and Grammatopou-
lou (2003) also showed effects of articulatory suppression
on immediate and delayed free recall of 14-word lists but
did not report the effects at different serial positions.

Therefore, there seems to be some existing evidence
that one might expect to see effects of word length and
articulatory suppression on recall in both tasks, However,
in Experiment 3, we sought to examine the effects of
these variables on the two tasks, using identical methods
of presentation.

Method

Participants. Twenty-four students from the University of Essex
participated in this experiment in exchange for course credit or £5.
None had taken part in the earlier experiments.

Materials and Apparatus. The materials for each participant
consisted of 416 words: 4 practice lists and 48 experimental lists
of 8 words each. The 48 experimental lists were divided into two
categories: short (one-syllable) and long (five-syllable) words. The
stimuli were selected at random for each participant from the one-
syllable and five-syllable sets of words described in Experiment 2.
The materials were presented, using the Supercard application, on an
Apple Macintosh G3 computer, with a 16-in. monitor.
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Design. This experiment used a within-subjects design with three
independent variables: articulation, with two levels (articulatory
suppression or no suppression), word length, with two levels (short
or long words), and serial position, with eight levels (SPs 1-8).

Procedure. The participants were tested individually and were
informed that they would be shown 4 practice lists of eight words,
followed by 48 experimental lists of eight words. The experimental
lists were divided into four blocks of 12 trials. In order to keep the
task requirements as easy to follow for the participants as possible,
the same task (free recall or ISR) was always used in the first two
blocks, and the same articulation condition (quiet or suppression)
was always used in the first and third blocks. There were, therefore,
four permissible block orders, and these four orders were counter-
balanced across participants. The participants were instructed as to
which task to perform prior to the presentation of the stimuli of each
block. In the suppression trials, the participants were instructed to
repeat aloud the word “the,” whereas in the nonsuppression trials,
they were instructed to “keep quiet” during the presentation of the
list. Within the 12 trials of each block, there were 6 trials of eight
long words and 6 trials of eight short words. The order of the trials
within each block was randomized. On all the trials, there was a
warning tone, followed after 3 sec by a series of eight words. The
words were presented individually in the middle of the computer
screen for 2 sec. A series of beeps signaled the beginning of the
recall period, 1 sec after the last word from the study list was pre-
sented on the computer screen. All the participants were given 25 sec
to recall out loud as many words from the list as they could, in any
order in the free recall task and in serial order in the ISR task. A tape
recorder was used to record the participants’ vocalizations during the
interstimulus intervals (thus ensuring that suppression instructions
were adhered to) and during recall performance.

Results

Free recall. The proportions of items recalled at
each serial position for each word length and articula-
tion condition in free recall are shown in Figure 6A.
A 2 X 2 X 8 fully within-subjects ANOVA with three
factors—articulation condition (articulatory suppression
or quiet), word length (short or long), and serial position
(1-8)—revealed a significant main effect of articulation
condition [F(1,23) = 19.45, MS, = 0.026, p < .001], a
significant main effect of word length [F(1,23) = 123.31,
MS, = 0.058, p < .001], and a significant main effect
of serial position [F(7,161) = 48.20, MS, = 0.064, p <
.001]. The articulation condition X word length interac-
tion was found to be significant [F(1,23) = 10.45, MS, =
0.014, p < .01], as was the word length X serial position
interaction [F(7,161) = 6.68, MS, = 0.043, p < .001].
The articulation condition X serial position interaction
was not found to be significant [F(7,161) = 2.05, MS, =
0.036, p > .05]. The three-way articulation condition X
word length X serial position interaction was significant
[F(7,161) = 4.61, MS, = 0.03, p < .001].

A simple main effects analysis of the three-way inter-
action showed an advantage for the quiet condition over
articulatory suppression for short words at SPs 1-5 but no
significant simple main effect of articulatory suppression
for later serial positions or for long words. Word length ef-
fects were also evident at all the serial positions with artic-
ulatory suppression, but only with early and middle serial
positions in the quiet condition. There were significant re-
cency effects in all the conditions and significant primacy
with the short words, especially under quiet conditions.

Experiment 3: Free Recall. Effects of

A Word Length and Articulatory Suppression
| —@— Shortquiet - @ - Short AS
| —0— Long quiet - 0- Long AS

Proportion Correct
O=NWPApULONO®O =

Nominal Serial Position

Experiment 3: ISR. Effects of

B Word Length and Articulatory Suppression
4 —a— Shortquiet - a - Short AS
g —a— Long quiet - A - Long AS

Proportion Correct
O=NWPARUONOO =

Nominal Serial Position

Figure 6. Experiment 3: (A) Serial position curves for the lists
of short and long words presented for free recall under quiet
and articulatory suppression (AS) conditions. (B) Serial position
curves under quiet and AS conditions for the lists of short and
long words presented for immediate serial recall (ISR).

ISR. The proportions of items recalled in their correct
serial position for each word length and articulation con-
dition in ISR are illustrated in Figure 6B. A 2 X 2 X 8
fully within-subjects ANOVA with three factors—artic-
ulation (articulatory suppression or quiet), word length
(short or long), and serial position (1-8)—revealed a
significant main effect of articulation [F(1,23) = 24.87,
MS, = 0.058, p <.001], a significant main effect of word
length [F(1,23) = 92.77, MS, = 0.050, p < .001], and
a significant main effect of serial position [F(7,161) =
88.14, MS, = 0.037, p < .001]. All two-way interactions
were significant: articulation X word length [F(1,23) =
8.61, MS, = 0.028, p < .01], articulation X serial posi-
tion [F(7,161) = 6.31, MS, = 0.022, p < .001], and word
length X serial position [F(7,161) = 12.03, MS, = 0.029,
p < .001]. The three-way activity X word length X se-
rial position interaction was also found to be significant
[F(7,161) = 4.96, MS, = 0.024, p < .001].

A simple main effects analysis of the three-way inter-
action indicated that word length was found to have an
effect on early and middle words in both articulation con-
ditions, that articulatory suppression reduced recall for
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Table 3A
Analysis of Output Order in Experiment 3: Number
of Words Recalled at Each Output Position As a Function
of Experimental Task, Word Length, and Serial Position in the
Immediate Serial Recall Articulatory Suppression Condition

Table 3B
Analysis of Output Order in Experiment 3: Number
of Words Recalled at Each Output Position As a Function
of Experimental Task, Word Length, and Serial Position
in the Immediate Serial Recall Quiet Condition

Output Position

Serial Output Position Serial

Position 1 2 3 4 5 6 7 8 Total  Position 1 2 3 4 5 6 7 8 Total

Long Words Long Words
SP1 59 1 2 1 1 1 0 0 65 SP 1 71 1 1 0 1 0 2 0 76
SP2 0 39 4 1 1 1 1 0 47 SP2 2 47 2 0 1 0 0 0 52
SP3 1 310 2 0 0 0 0 16 SP3 2 4 26 4 0 1 0 0 37
SP 4 0 0 6 11 2 0 1 0 20 SP 4 0 0 4 13 4 0 1 1 23
SP5 0 0 0 4 7 0 1 0 12 SP5 0 2 1 6 11 1 0 0 21
SP 6 1 0 0 4 6 11 2 2 26 SP 6 0 0 1 2 5 10 1 2 22
SP7 0 3 1 1 4 8 9 0 26 SP7 0 0 0 2 6 8 14 2 32
SP 8 4 1 0 1 3 3 5 21 38 SP 8 0 0 1 1 2 5 6 34 49
Total 65 47 23 25 24 24 19 23 250 Total 75 54 36 28 30 25 24 39 312
Short Words Short Words
SP 1 93 3 0 1 1 0 0 0 98 SP 1 122 1 0 0 0 0 0 0 123
SP2 1 67 4 0 1 0 0 0 73 SP2 3103 1 0 0 0 0 0 107
SP 3 1 5 41 2 0 1 1 1 52 SP3 0 379 2 1 0 0 0 85
SP4 2 2 0 20 3 2 0 1 30 SP 4 0 0 9 50 2 1 0 0 62
SP 5 0 1 2 5 7 3 0 0 18 SP5 0 1 3 8 30 3 2 1 48
SP 6 1 1 0 2 6 13 3 0 26 SP 6 0 1 1 4 12 17 3 0 38
SP7 1 2 1 1 1 6 22 3 37 SP7 0 0 1 3 3012 22 6 47
SP 8 3 1 1 0 2 6 3 42 58 SP 8 0 2 1 1 0 4 10 23 41
Total 102 8 49 31 21 31 29 47 392 Total 125 111 95 68 48 37 37 30 551
Table 3C Table 3D

Analysis of Output Order in Experiment 3: Number
of Words Recalled at Each Output Position As a Function
of Experimental Task, Word Length, and Serial Position
in the Free Recall Articulatory Suppression Condition

Analysis of Output Order in Experiment 3: Number
of Words Recalled at Each Output Position As a Function
of Experimental Task, Word Length, and Serial Position
in the Free Recall Quiet Condition

Output Position

Serial Output Position Serial

Position 1 2 3 4 5 6 7 8 Total Position 1 2 3 4 5 6 7 8  Total

Long Words Long Words
SP 1 5 14 14 6 0 0o 0 0 39 SP 1 7 14 7 11 6 0 0 0 45
SP2 5 9 11 5 2 0o 0 0 32 SP2 6 9 12 9 2 0 0 0 38
SP 3 0 9 11 7 3 1 0 0 31 SP3 3 8 10 1 3 1 0 0 26
SP 4 5 8 9 4 2 0o 0 0 28 SP 4 5 6 11 4 2 0 0 0 28
SP5 4 7 15 5 1 1 0 0 33 SP5 0 8 17 4 1 0 0 0 30
SP 6 11 18 10 3 1 0o 0 0 43 SP 6 6 17 14 5 0 1 0 0 43
SP7 13 36 10 1 0 0o 0 0 60 SP7 17 43 7 7 0 0 0 0 74
SP 8 98 13 4 0 0 0o 0 0 115 SP 8 92 22 9 1 0 0 0 0 124
Total 141 114 84 31 9 2 0 0 381 Total 136 127 87 42 14 2 0 0 408
Short Words Short Words

SP 1 16 12 18 19 8 6 1 0 80 SP 1 38 12 19 16 13 6 2 0 106
SP2 3 15 19 12 8 5 0 0 62 SP2 6 39 13 13 15 7 3.0 96
SP3 3 8 15 11 10 1 2 0 50 SP3 1 3 24 15 14 8 10 O 75
SP 4 5 3 8 12 8 5 2 0 43 SP 4 2 8 11 21 6 6 2 2 58
SP5 9 12 7 10 6 4 2 0 50 SP5 17 6 10 15 11 5 0 1 65
SP 6 8 23 16 11 6 1 0 1 66 SP 6 12 18 18 10 7 2 1 0 68
SP7 19 43 18 8 4 0o 0 0 92 SP7 14 32 19 8 6 2 2 2 85
SP 8 81 20 12 11 2 2 0 0 128 SP 8 49 22 19 10 5 4 0 0 109
Total 144 136 113 94 52 24 7 1 571 Total 139 140 133 108 77 40 20 5 662

short but not long words for all but the later list items, and
that there were significant primacy effects in all four con-
ditions. However, primacy was more marked with short
words, particularly for the lists of short words in the quiet
condition.

Analysis of output order. Tables 3A-3D show the
count of the words recalled in all the different conditions

in Experiment 3, tabulated by the output order and the
serial position of the words in the list. Again, the partici-
pants who were required to perform ISR initiated their
recall with the first word in the list and tended to proceed
forward in their recall. Their ability to access the first list
items was greater for the short words than for the long
words and was also greater in the quiet conditions than in
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the articulatory suppression conditions. The participants
who were required to perform free recall tended to initi-
ate their recall from toward the end of the list. However,
on a minority of trials, there was also a tendency for the
first word in the list to be recalled first in the free recall
conditions. The size of this minority tendency was greater
for the short words than for the long words and was also
greater in the quiet conditions than in the articulatory sup-
pression conditions. As in the ISR conditions, this ten-
dency to initiate free recall with the first word in the list
was greater for the short words than for the long words
and was also greater in the quiet conditions than in the
articulatory suppression conditions.

Discussion

Experiment 3 confirmed and extended the results of
Experiment 2. First, there were again different-shaped
serial position curves for the two tasks, with free recall
characterized by recency and primacy (for lists of short
words) and ISR characterized by extended primacy and
little or no recency.

Second, there were word length effects and effects of
articulatory suppression for both free recall and ISR. In
both tasks, the effects of word length were greatest at the
early serial positions and were reduced but not eliminated
by articulatory suppression. Although word length effects
are often eliminated in ISR when the stimuli are presented
visually under articulatory suppression (Baddeley et al.,
1984; Baddeley et al., 1975; Longoni et al., 1993), this
finding seems to be obtained when participants are pre-
sented with stimuli from a restricted stimulus set. When
the stimuli are selected from a large stimulus set, as was
the case in this study, it is more common to experience a
reduction, rather than an elimination, of the word length
effect following suppression (La Pointe & Engle, 1990;
Russo & Grammatopoulou, 2003).

The findings of word length effects and effects of ar-
ticulatory suppression in free recall replicate the results
of previous studies of word length effects in free recall
(Russo & Grammatopoulou, 2003; Salthouse, 1980; Wat-
kins, 1972) and articulatory suppression effects in free
recall (Richardson & Baddeley, 1975; Russo & Gram-
matopoulou, 2003) and demonstrate that similar findings
are obtained for both free recall and ISR under identical
methods of presentation.

EXPERIMENT 4

One possible limitation of Experiments 1-3 is that they
used exclusively 8-item lists. We chose list lengths of
8 items in Experiments 1-3 because we wanted to equate
the methodology used in the two tasks as much as pos-
sible, and we thought that a single list length of 8§ items
provided a compromise between the typically shorter list
lengths used in ISR and the typically longer list lengths
used in free recall. However, one could argue that a com-
promise list length of 8 is neither fully representative of
the longer list lengths typically used in free recall (e.g.,
10-40 items; Murdock, 1962) nor fully representative of

the shorter list lengths typically used in ISR (e.g., 5-6
items; Baddeley, 1986).

One particularly worrying aspect about using lon-
ger than normal ISR lists is that some researchers have
claimed that only ISR data collected with shorter lists
(typically five or six items) might make use of special-
ized short-term or working memory mechanisms (e.g.,
Baddeley, 2007; Baddeley & Larsen, 2003, 2007; Cam-
poy & Baddeley, 2008; Larsen & Baddeley, 2003). Hence,
it was decided to reexamine the basic word length effect
obtained in the two tasks in Experiments 2 and 3 using
shorter lists of six items.

Method

Participants. Twenty students from the University of Essex par-
ticipated in this experiment. None had taken part in any of the previ-
ous experiments.

Materials. The participants saw a total of 36 lists of six words
that were randomly allocated without replacement for each partici-
pant from the same three sets of words used in Experiment 2.

Design. The experiment used a totally within-subjects design,
with two independent variables: word length, with three levels (one-
syllable, three-syllable, and five-syllable words), and serial position,
with six levels (SPs 1-6). Each participant received trials using both
the free recall task and the ISR task.

Procedure. The participants were tested individually and were
informed that they would be shown 2 practice lists of six words,
followed by 36 experimental trials of six words. The experimental
trials were divided into two blocks of 18 experimental trials. The
participants were tested using free recall in one block and ISR in the
other, and the order of the two blocks was counterbalanced across
participants. The participants were instructed as to which task to
perform prior to the presentation of stimuli of each block. Within the
18 trials of each block, there were 6 trials of six short words, 6 trials
of six medium words, and 6 trials of six long words. The 18 lists
were presented in a random order within each block. On all the tri-
als, the participants were instructed to read aloud each word as it was
presented on the screen, but they were not required to rehearse out
loud. Each trial began with a warning tone, followed after 1 sec by
a series of six words. The words were presented individually in the
middle of the computer screen for 2 sec per word. After the last word
from the study list had been presented, a series of beeps signaled the
beginning of a 20-sec recall period for verbal recall. A tape recorder
was used to record the participants’ recall performance.

Results

Free recall. The proportions of items recalled at each
serial position for each word length and articulation con-
dition in free recall are shown in Figure 7A. A 3 X 6
fully within-subjects ANOVA with two factors—word
length, with three levels (short, medium, or long), and
serial position, with six levels (1-6)—revealed a signifi-
cant main effect of word length [F(2,19) = 80.44, MS, =
0.026, p < .0001], a significant main effect of serial po-
sition [F(5,95) = 37.50, MS, = 0.058, p < .0001], and
a significant word length X serial position interaction
[£(10,190) = 7.20, MS, = 0.028, p < .0001]. An analysis
of the main effect of word length, using Newman—Keuls
pairwise comparisons, revealed that the recall perfor-
mance for each word length was significantly different
from that for all the others.

A simple main effects analysis of the two-way interaction
showed that the simple main effect of word length was sig-
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Figure 7. Experiment 4: Serial position curves for the lists of
short, medium, and long words presented for free recall (A) and
immediate serial recall (ISR) (B).

nificant only at the first four serial positions. There were also
significant recency effects in all conditions, but the most ex-
tended recency effects were with the longer word lengths.

ISR. The proportions of items recalled in their correct
serial position for each word length in ISR are illustrated in
Figure 7B. A 3 X 6 fully within-subjects ANOVA with two
factors—word length, with three levels (short, medium, or
long), and serial position, with six levels (1-6)—revealed
a significant main effect of word length [F(2,19) = 45.46,
MS, = 0.088, p < .0001], a significant main effect of se-
rial position [F(5,95) = 55.18, M, = 0.036, p < .0001],
and a significant word length X serial position interaction
[F(10,190) = 5.44, MS, = 0.023, p < .0001]. An analysis
of the main effect of word length, using Newman—Keuls
pairwise comparisons, revealed that the recall perfor-
mance of each word length was significantly different
from that for all the others.

A simple main effects analysis of the two-way interac-
tion showed that the simple main effect of word length
was significant only at the first four serial positions. There
were also significant recency effects in all the conditions,
but the most extended recency effects were with the longer
word lengths.

Analysis of output order. Tables 4A and 4B show the
count of the words recalled in all the six different condi-
tions in Experiment 4, tabulated by the output order and
the serial position of the words in the list. The participants
who were required to perform ISR initiated their recall
with the first word in the list and tended to proceed for-
ward in their recall. Their ability to access the first list
item decreased with increasing word length. By contrast,
those who were required to perform free recall tended to
initiate their recall toward the end of the list. However,
there was also a tendency to initiate free recall with the
first word in the list, and as for ISR, this tendency de-
creased with increasing word length.

Discussion

Experiment 4 showed clear word length effects for both
free recall and ISR, using lists of six words. Reassuringly,
our results generalized the word length effects obtained
in both tasks in Experiments 2 and 3 to shorter lists of six
words, a length for which some researchers hypothesize
that our participants might have made use of specialized
short-term or working memory mechanisms (e.g., Bad-
deley & Larsen, 2003; Larsen & Baddeley, 2003).

EXPERIMENT 5

The aim of Experiment 5 was also to replicate the word
length effects in free recall and ISR, but this time using lists
that were longer than eight words and, hence, more typical
of those used in free recall. Although, to our knowledge,
no theory of free recall has ever been proposed that was
limited to explaining longer lists but not shorter lists, it is
the case that list length in free recall affects output order.
Recent, and as yet unpublished, work shows that partici-
pants who are presented with very short lists of words
(1-4) for free recall tend to initiate their output from the
very beginning of the list in forward order, whereas with
longer lists (8 +), they tend to output the most recent items
first (Ward, Tan, & Grenfell-Essam, 2009).

It would be reassuring, therefore, to see whether the
word length effects obtained in free recall and ISR in Ex-
periments 1—4 could also be observed in Experiment 5,
which tested free recall and ISR with lists of 12 items. We
anticipated that the participants would have difficulty in
performing ISR with 12-item lists, and so we adopted the
task instructions for ISR used recently by Golomb et al.
(2008), who tested ISR with 10-item lists. These instruc-
tions explicitly encouraged participants to begin recall
with the very first list item, but if this was not possible,
they were instructed to begin recall with the earliest item
that they could remember. The participants were not re-
quired to make exactly 12 responses or say “blank,” but
they were instructed to continue their recall as far as pos-
sible in a forward serial order.

Method

Participants. Twenty students from the University of Essex par-
ticipated in this experiment. None had taken part in any of the previ-
ous experiments.
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Table 4A
Analysis of Output Order in Experiment 4: Number
of Words Recalled at Each Output Position As a Function
of Experimental Task, Word Length, and Serial Position

Table 4B
Analysis of Output Order in Experiment 4: Number
of Words Recalled at Each Output Position As a Function
of Experimental Task, Word Length, and Serial Position

in the Immediate Serial Recall Task in the Free Recall Task

Serial Output Position Serial Output Position

Position 1 2 3 4 5 6 Total  Position 1 2 3 4 5 6 Total

Long Words Long Words
SP1 46 2 3 2 2 1 56 SP 1 7 4 11 6 1 0 29
SP2 7 21 6 3 1 0 38 SP2 7 3 9 5 3 0 27
SP3 9 11 11 3 0 0 34 SP3 3 5 19 9 2 0 38
SP 4 3 5 10 6 3 0 27 SP 4 7 12 14 9 1 1 44
SP5 6 14 5 6 10 3 44 SP5 22 52 12 3 1 0 90
SP 6 10 10 11 2 2 19 54 SP 6 67 28 11 1 0 0 107
Total 81 63 46 22 18 23 253 Total 113 104 76 33 8 1 335
Medium Words Medium Words
SP 1 92 4 2 1 1 0 100 SP 1 25 1 16 17 8 2 69
SP2 5 65 2 3 0 0 75 SP2 1 26 13 18 10 1 69
SP 3 6 11 44 4 2 0 67 SP3 8 2 24 15 5 3 57
SP 4 2 8 8 33 6 1 58 SP4 8 19 28 14 1 0 70
SP 5 1 8 22 13 22 3 69 SP5 15 47 20 8 6 0 96
SP 6 2 4 13 13 16 24 72 SP 6 63 21 8 9 11 4 116
Total 108 100 91 67 47 28 441 Total 120 116 109 81 41 10 477
Short Words Short Words

SP1 103 0 1 3 1 0 108 SP1 47 6 15 12 6 2 88
SP2 1 78 2 1 1 0 83 SP2 1 43 8 16 6 2 76
SP3 0 5 66 5 2 1 79 SP3 5 10 30 11 9 3 68
SP 4 1 5 10 47 4 2 69 SP 4 8 16 23 27 7 2 83
SP 5 1 4 8 14 34 1 62 SP 5 13 33 20 11 13 1 91
SP 6 2 1 6 11 13 45 79 SP6 45 11 18 14 8 14 111
Total 108 93 93 81 55 49 480 Total 119 119 114 91 49 24 517

Materials. The participants saw a total of 36 lists of 12 words that
were randomly allocated without replacement for each participant
from the same three sets of words as those used in Experiment 2.

Design. The experiment used a totally within-subjects design,
with two independent variables: word length, with 3 levels (one-
syllable, three-syllable, and five-syllable words), and serial position,
with 12 levels (SPs 1-12). Each participant received trials using both
the free recall task and the ISR task.

Procedure. The participants were tested individually and were
informed that they would be shown 2 practice lists of 12 words,
followed by 36 experimental trials of 12 words. The experimental
trials were divided into two blocks of 18 experimental trials. The
participants were tested using free recall in one block and ISR in the
other, and the order of the two blocks was counterbalanced across
participants. The participants were instructed as to which task to per-
form prior to the presentation of the stimuli in each block. Within the
18 trials of each block, there were 6 trials of 6 short words, 6 trials
of 6 medium words, and 6 trials of 6 long words. The 18 lists were
presented in a random order within each block. On all the trials, the
participants were instructed to read aloud each word as it was pre-
sented on the screen, but they were not required to rehearse out loud.
Each trial began with a warning tone, followed after 1 sec by a series
of 6 words. The words were presented individually in the middle of
the computer screen for 2 sec per word. After the last word from the
study list had been presented, a series of beeps signaled the begin-
ning of the recall period for verbal recall. The recall period was not
of a fixed length; rather, the participants pressed a computer button
when they were ready to continue to the next trial. A tape recorder
was used to record the participants’ recall performance.

Results
Free recall. The proportions of items recalled at each se-
rial position for each word length and articulation condition

in free recall are shown in Figure 8A. A 3 X 12 fully within-
subjects ANOVA with two factors—word length (short,
medium, or long) and serial position (1-12)—revealed a
significant main effect of word length [F(2,38) = 28.62,
MS, = 0.031, p <.0001], a significant main effect of serial
position [F(11,209) = 122.0, MS, = 0.033, p < .0001],
and a significant word length X serial position interaction
[F(22,418) = 2.25, MS, = 0.023, p < .005].

An analysis of the main effect of word length, using
Newman—Keuls pairwise comparisons, revealed that the
recall performance for each word length was significantly
different from that for all the others. A simple main effects
analysis of the two-way interaction showed that the simple
main effect of word length was significant at SP 2 and at
SPs 8—11. There were also significant recency effects in
all three word length conditions.

ISR (standard ISR scoring). ISR performance was
first examined under standard ISR scoring, in which an
item is marked correct only if it was output in the cor-
rect output position (i.e., the first item in the list must
be recalled first, the second item recalled second, and
so on). The proportions of items recalled at each serial
position for each word length and articulation condition
in ISR are shown in Figure 8B. A 3 X 12 fully within-
subjects ANOVA with two factors—word length (short,
medium, or long) and serial position (1-12)—revealed a
significant main effect of word length [F(2,38) = 5.112,
MS, = 0.026, p < .05], a significant main effect of serial
position [F(11,209) = 13.98, MS, = 0.026, p < .0001],
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Figure 8. Experiment 5: (A) Serial position curves for the lists of short, medium, and long words presented for free recall. (B) Serial
position curves for the lists of short, medium, and long words scored for immediate serial recall (ISR), using the standard ISR scoring,
in which a word is considered correct only if it is output in its correct absolute position. (C) Serial position curves for the ISR data using
the exact relative scoring measure. If one represents a 12-item list as “ABC D E F G H1 J K L,” Word A is considered correct if it is
output first, and any other word is considered correct if it is output immediately after its immediate predecessor in the list (e.g., in the
output “A CD E G F J KL,” only the underlined items at Serial Positions 1,4, 5, 11, and 12 would be deemed to be recalled correctly

in the exact relative order, because A is output first, and D is recalled immediately after C, E after D, K after J, and L after K).

and a significant word length X serial position interaction
[F(22,418) = 3.51, MS, = 0.005, p < .005]. An analysis
of the main effect of word length, using Newman—Keuls
pairwise comparisons, revealed that the recall performance
for the long words differed from that for the medium and
short words, but there was no significant difference be-
tween the short words and the medium words.

A simple main effects analysis of the two-way interac-
tion showed that the simple main effect of word length
was significant only at SP 1 (p < .01) and was close to
significance at SP 3 (p < .06). There were also significant
primacy effects for the two shorter length words.

ISR (exact relative order scoring). ISR performance
was next examined under exact relative order scoring, in
which items were marked correct only if words that were
successively presented at input were output together in
immediate succession at recall. If the 12 letters in the se-
quence “ABCDEFGHIJKL” represent the 12 words pre-
sented at input, the exact relative ordering scoring system
scores A in the correct position if it is output first, B in the

correct relative order if it is output immediately after A,
and so on, so that L will be assumed to be output in the
correct relative order if it was output immediately after K.
The proportions of items recalled correctly using this exact
relative ordering scoring at each serial position for each
word length and articulation condition in ISR are shown
in Figure 8C. A 3 X 12 fully within-subjects ANOVA with
two factors—word length (short, medium, or long) and se-
rial position (1-12)—revealed a significant main effect of
word length [F(2,38) = 13.17, MS, = 0.042, p < .0001],
a significant main effect of serial position [F(11,209) =
17.21, MS, = 0.025, p < .0001], and a significant word
length X serial position interaction [F(22,418) = 2.071,
MS, = 0.012, p < .01]. An analysis of the main effect of
word length, using Newman—Keuls pairwise comparisons,
revealed that there were significant differences between
all different pairs of word lengths.

A simple main effects analysis of the two-way interac-
tion showed that the simple main effect of word length
was significant only at SP 1 (p < .01) and was close to
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significance at SP 3 (p < .06). There were also significant
primacy effects for the two shorter length words and sig-
nificant recency effects for all word lengths.

ISR (free recall scoring). ISR performance was finally
examined using free recall scoring. The proportions of
items recalled at each serial position for each word length
and articulation condition in ISR are shown in Figure 8D.
A 3 X 12 fully within-subjects ANOVA with two factors—
word length (short, medium, or long) and serial position
(1-12)—revealed a significant main effect of word length
[F(2,38) = 31.83, MS, = 0.035, p <.0001], a significant
main effect of serial position [F(11,209) = 28.87, MS, =
0.051, p < .0001], and a nonsignificant word length X
serial position interaction [F(22,418) < 1, MS, = 0.028,
p > .05]. An analysis of the main effect of word length,

using Newman—Keuls pairwise comparisons—revealed
that there were significant differences between all differ-
ent pairs of word lengths. Analyses on all three serial po-
sition curves revealed significant and extended recency
effects but no primacy effects.

Analysis of output order. We examined the order in
which the words were output at recall in the six differ-
ent conditions. Tables SA and 5B show the count of all
the words recalled in the six conditions in Experiment 5,
tabulated by the output order and the serial position of the
words in the list. With 12-item lists, the participants found
it difficult to initiate their recall with the first word in the
list. In ISR, recall initiated with the first item on a small
minority of trials, and this tendency increased for shorter
words. There was no tendency for the participants in the

Table SA
Analysis of Output Order in Experiment 5: Number of Words Recalled
at Each Output Position As a Function of Experimental Task, Word Length,
and Serial Position in the Immediate Serial Recall Task

Serial Output Position

Position 1 2 3 4 5 6 7 8 9 10 11 Total

Long Words
SP 1 11 3 1 0 0 0o 0 0 0 0 0 15
SP2 5 7 1 0 0 0O 0 0 0 0 0 13
SP3 2 3 2 2 0 0o 0 0 O 0 0 9
SP 4 5 0 4 0 0 0O 0 0 0 0 0 9
SP5 3 2 1 0 0 0O 0 0 O 0 0 6
SP 6 3 1 2 1 0 0o 0 0 o0 0 0 7
SP7 6 4 1 3 0 0o 1 0 0 0 0 15
SP 8 6 2 2 1 0 0o 0 0 O 0 0 11
SP9 12 6 3 1 1 1 0 0 0 0 0 24
SP 10 18 6 5 1 1 0o 0 1 0 0 0 32
SP 11 22 24 4 5 2 1 0 0 0 0 0 58
SP 12 4 32 29 4 0 0o 0 0 0 0 0 69
Total 97 90 55 18 4 2 1 1 0 0 0 268
Medium Words
SP 1 21 2 2 0 1 0o 0 0 0 0 0 26
SP2 6 15 0 0 1 0o 0 0 0 0 0 22
SP3 7 4 14 2 0 0o 0 0 0 0 0 27
SP 4 5 3 5 6 0 0o 0 0 0 0 0 19
SP5 3 1 3 6 3 0o 0 0 0 0 0 16
SP 6 8 3 0 1 1 30 0 0 0 0 16
SP7 8 6 4 1 2 2 2 0 0 0 0 25
SP 8 4 7 3 1 2 2 0 1 0 0 0 20
SP9 17 8 7 4 3 0o 1 0 0 0 0 40
SP 10 18 16 6 4 2 1 0 1 0 0 0 48
SP 11 8 25 14 6 4 0o 0 1 2 0 0 60
SP 12 0 11 26 23 7 2 0 0 0 2 0 71
Total 105 101 84 54 26 10 3 3 2 2 0 390
Short Words

SP 1 31 1 2 2 1 0o 0 0 0 0 0 37
SP 2 6 20 5 1 1 o 0 0 0 0 0 33
SP 3 5 9 16 0 1 0o 0 0 0 0 0 31
SP 4 3 3 4 9 1 0o 0 0 0 0 0 20
SP5 4 1 5 3 4 0O 0 0 0 0 0 17
SP 6 8 2 2 4 2 4 0 0 O 0 0 22
SP7 8 8 2 5 3 1 1 0 0 0 0 28
SP 8 11 10 2 6 2 2 2 1 0 0 0 36
SP9 13 16 5 2 1 1 1 1 1 0 0 41
SP 10 15 15 15 9 0 30 2 1 1 0 61
SP 11 6 16 22 8 6 2 2 0 2 1 0 65
SP 12 2 7 20 24 10 4 3 1 0 1 0 72
Total 112 108 100 73 32 17 9 5 4 3 0 463
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Table 5B
Analysis of Output Order in Experiment 5: Number of Words Recalled
at Each Output Position As a Function of Experimental Task, Word Length,
and Serial Position in the Free Recall Task

Output Position

Serial

Position 1 2 3 4 5 6 7 8 9 10 11 Total

Long Words
SP1 2 4 7 8 2 1 0o 0 0 0 0 24
SP2 0 4 4 2 1 0 0o 0 0 0 0 11
SP3 0 0 4 6 2 2 0o 0 0 0 0 14
SP 4 2 0 2 6 4 0 0o 0 0 0 0 14
SP5 0 2 4 4 1 0 1 0 0 0 0 12
SP 6 0 3 3 5 5 2 0o 1 0 0 0 19
SP7 0 1 8 5 3 0 0o 0 0 0 0 17
SP 8 1 2 5 2 1 1 1 0 O 0 0 13
SP9 0 2 10 1 3 1 0o 0 O 0 0 17
SP 10 8 10 12 1 0 0 0o 0 0 0 0 31
SP 11 15 51 11 1 0 0 0o 0 0 0 0 78
SP 12 84 22 2 0 0 0 0o 0 0 0 0 108
Total 112 101 72 41 22 7 2 1 0 0 0 358
Medium Words
SP 1 4 4 1 5 4 1 1 1 1 0 0 22
SP2 1 4 7 7 3 4 0o 3 0 0 0 29
SP3 2 1 1 7 7 2 2 0 0 0 0 22
SP 4 1 1 4 5 4 1 o 0 1 0 0 17
SP5 1 1 1 4 4 2 4 0 O 0 0 17
SP 6 0 2 7 3 2 3 0o 0 1 0 0 18
SP7 1 2 4 8 3 1 o 1 0 0 1 21
SP 8 1 4 8 5 3 3 1 0 0 0 0 25
SP9 4 3 11 12 3 0 1 1 0 0 0 35
SP 10 8 16 27 7 3 1 1 1 0 0 0 64
SP 11 17 61 15 0 1 0 0o 0 0 0 0 94
SP 12 75 18 11 3 3 0 0o 0 0 0 0 110
Total 115 117 97 66 40 18 10 7 3 0 1 474
Short Words

SP 1 2 3 4 11 3 8 1 1 0 1 0 34
SP2 1 3 3 4 4 5 2 0 1 1 0 24
SP 3 2 0 2 2 6 4 2 2 0 0 0 20
SP 4 0 1 2 6 4 4 4 1 1 0 0 23
SP 5 2 1 5 7 3 2 1 1 0 0 0 22
SP 6 3 0 3 5 5 1 1 1 0 1 0 20
SP7 3 2 6 8 4 5 1 0 0 0 1 30
SP 8 0 4 9 10 7 0 2 0 2 0 0 34
SP9 7 5 17 8 3 0 1 1 0 1 0 43
SP 10 15 11 23 8 7 2 0o 0 0 0 0 66
SP 11 10 70 13 3 1 1 1 0 1 0 0 100
SP 12 73 13 19 7 1 0 o 0 O 0 0 113
Total 118 113 106 79 48 32 16 7 5 4 1 529

free recall conditions to initiate recall with the first list
item. Rather, with these longer lists (and slightly differ-
ent ISR instructions), the participants tended to output the
later list items first.

Discussion

Experiment 5 showed word length effects for both free
recall and ISR, using longer lists of 12 words. Consistent
with the results of previous studies (Russo & Grammato-
poulou, 2003; Watkins, 1972), we obtained a significant
word length effect in free recall for longer lists of 12 items.
In our data, there was an interaction between word length
and serial position: The word length effect reached signif-
icance at one early serial position and three late positions.
A similar tendency for the word length effect to be great-

est at early and late serial positions can also be observed in
the Watkins data, although in that data set, the interaction
between list half (SPs 1-6 and 7-12) and word length did
not reach significance. The serial position curves of all
word lengths were dominated by recency, and there was no
significant primacy advantage for any word length.

As we anticipated, the participants found it difficult to
perform the ISR task on 12-item lists. The participants
rarely initiated recall with the first word in the list and
then continued in strict serial order. When strict ISR
scoring was used, there were primacy effects for the two
shorter lists but poor overall performance. On the basis of
limited data, there was some evidence of a word length
effect, at least between the long words and the two shorter
length words.
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However, there was a difference in the proportions of
words recalled between all three word lengths in the ISR
conditions when exact relative order scoring and free re-
call scoring systems were used. The majority of the words
recalled in the ISR task were from the second half of the
list, and recalling in relative serial order was most preva-
lent at the beginning and end of the list.

Thus, reassuringly, our main results generalize the word
length effects obtained in both tasks in Experiments 2—4
to longer lists of 12 words.

GENERAL DISCUSSION

The aim of these experiments was to look for similari-
ties and differences between the free recall and the ISR
tasks by examining how the two tasks would be affected
by factors linked directly or indirectly with rehearsal. Our
motivation for the experiments was the current separation
between theories and data concerned with ISR, on the one
hand, and theories and data concerned with free recall,
on the other (see also Ward, 2001; Ward et al., 2008). Al-
though some accounts of memory do offer explanations
of both tasks (e.g., Anderson et al., 1998; Brown et al.,
2007), there are many accounts of free recall that have
not, as yet, been applied to ISR (e.g., Davelaar et al., 2005;
Gillund & Shiffrin, 1984; Howard & Kahana, 2002; Raaij-
makers & Shiffrin, 1981) and many accounts of ISR that
have not, as yet, been applied to free recall (e.g., Baddeley,
1986, 2000, 2007; Brown et al., 2000; Burgess & Hitch,
1992, 1999; Farrell & Lewandowsky, 2002; Henson, 1998;
Nairne, 1988; Page & Norris, 1998).

We used the overt rehearsal technique and manipula-
tions of presentation rate (taken from the free recall litera-
ture) and manipulations of word length and articulatory
suppression (taken from the ISR literature) and applied all
these techniques and manipulations to both tasks, testing
under identical methodological conditions. To the extent
to which we found similarities in the patterns of data, we
would be tempted to consider that the two tasks shared
common (or at least highly similar) rehearsal and recall
processes.

Observed Similarities Between Free Recall
and ISR

Two lines of evidence provide support for the hypoth-
esis that participants make use of similar rehearsal and
recall processes in free recall and ISR.

First, similar patterns of rehearsals were observed on
the two tasks using the overt rehearsal method (Rundus &
Atkinson, 1970). In Experiment 1, the participants tended
to rehearse the early words in the list more often than later
words, in line with the classic overt rehearsal data in free
recall by Rundus (1971) and more recent overt rehearsal
data in ISR by Tan and Ward (2008). The rehearsal pat-
terns were similar in both tasks, regardless of whether the
task at test was precued or postcued. In Experiment 2, the
recorded patterns of rehearsal were also similar across
the free recall and ISR tasks: Rehearsal in both tasks was
similarly reduced with longer words and fast presentation
rates. These similar patterns of rehearsal in the two tasks

are consistent with the existence of a common rehearsal
process underpinning both free recall and ISR.

Second, similar effects on recall were observed in the
two tasks by variables that are assumed to facilitate or
hinder rehearsal. In Experiment 2, the word length and
presentation rate were manipulated. There were signifi-
cant effects of presentation rate and word length effects
in both tasks. In Experiment 3, the word length and the
requirement to perform articulatory suppression were
manipulated. In both tasks, there were again significant
word length effects and also significant reductions in re-
call when the participants were required to perform ar-
ticulatory suppression. Significant word length effects
were also obtained on both tasks when the list length was
shortened to 6 items (Experiment 4) and lengthened to 12
items (Experiment 5).

We interpret these similar effects on recall by variables
assumed to affect rehearsal as being consistent with ac-
counts of memory that provide explanations of both tasks
(e.g., Anderson et al., 1998; Brown et al., 2008; Brown
etal., 2007), and we believe that our findings provide mo-
tivation for theories that currently explain only one of the
two tasks to be extended to account for both free recall
and ISR.

Different Serial Position Curves: The Role of
Rehearsal and Output Order

The most marked differences between free recall and
ISR were in the shapes of the serial position curves on the
two tasks. Free recall was generally characterized by pri-
macy and extended recency effects, whereas ISR was gen-
erally characterized by extended primacy effects. Our data
therefore strongly suggest that very different shaped serial
position curves can be obtained despite near identical pat-
terns of rehearsal. It is necessary, therefore, to reflect upon
the function of rehearsal in free recall and ISR.

Our supposition is that the shapes of the serial position
curves are fundamentally determined by both the acces-
sibility of individual list items and the output order of the
words recalled at test. We assume that episodic memory is
a continuum spanning from the most recently experienced
events back to the least recently experienced events, and
that presented items and their rehearsals can be considered
separate ordered events on that continuum. We assume
that the accessibility of a list item for recall increases as
a function of the number, recency, and distribution of the
rehearsals of that item (Tan & Ward, 2000). During study
(or test), an item that is accessible can be rehearsed (or
recalled), and the rehearsal (or recall) of an item further
increases its accessibility by creating another, more dis-
tributed, and more recently experienced memory event.

We assume that participants have some control (at least
with list lengths of 6—12) over which words they choose
to output first, and they may prefer to start recall with
words toward the end of the list (when under free recall
instructions) or may initiate recall with the first word in
the list (as instructed in ISR and as sometimes selected in
free recall).

However, participants are free to output at test only
those words that are currently accessible. As additional
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words are added to the list (or are rehearsed or recalled),
early list items that are not rehearsed will become less ac-
cessible (see, e.g., Tan & Ward, 2008; Ward, 2002). The
opportunity to rehearse early items is reduced if the words
are studied at a fast presentation rate, if the words are long
words, and/or if the words are encoded during articulatory
suppression. The role of rehearsal is, therefore, to main-
tain the accessibility of (early) list items during study until
the time of test, but which words are subsequently recalled
is determined by both accessibility and output order.

In line with our supposition, we have demonstrated
that participants tend to rehearse early list items most fre-
quently, and that participants’ ability to rehearse decreases
with longer words and faster presentation rates and (so
we assume) under articulatory suppression. In line with
our proposal, we predict large reductions in primacy in
ISR and free recall when the opportunity to rehearse is
reduced. Such cases include (1) a reduction in primacy
in ISR and free recall with faster presentation rates, as
in Experiment 2; (2) a reduction in primacy in ISR and
free recall with longer words, as in Experiments 2—5; and
(3) areduction in primacy in ISR and free recall with short
words under articulatory suppression, as in Experiment 3.
We additionally predict that there will be little or no reduc-
tion by these same factors on the recall of words that are
rarely rehearsed, such as (1) the items presented toward
the end of the list and (2) long words presented at a moder-
ate rate under articulatory suppression. Furthermore, the
accessibility of the first words in the list will be reduced
with longer lists, relative to shorter lists, a finding consis-
tent with both the free recall and ISR output orders.

Once recall has been initiated, we assume that par-
ticipants tend to recall in a forward order. There is clear
evidence from both the ISR data and free recall data that
the recall of one item effectively cues recall of the imme-
diately succeeding item (e.g., Howard & Kahana, 1999;
Nairne, Ceo, & Reysen, 2007) but may impair recall of
other list items (Nairne et al., 2007), a form of output in-
terference (for other examples of output interference, see,
e.g., Bhatarah et al., 2008; Cowan, Saults, & Brown, 2004;
Cowan, Saults, Elliott, & Moreno, 2002; Dalezman, 1976;
Oberauer, 2003; Tan & Ward, 2007).

Recall When Rehearsal Is Restricted

According to our supposition, recall from the beginning
of the list is still possible (although reduced) when the
opportunity to rehearse is greatly reduced or eliminated
(e.g., when the list is presented at a fast rate, or when it is
presented under articulatory suppression). In these situa-
tions, it is assumed that the accessibilities at time of test
will simply reflect the accessibilities of the originally en-
coded events.

However, in order to explain word length effects under
articulatory suppression and at fast presentation rates, one
also has to assume that some aspects of word length ef-
fects are not entirely due to differential rehearsal (cf. simi-
lar data reported by Baddeley & Lewis, 1984; Coltheart
& Langdon, 1998). Our data could be considered to be
consistent with the importance of the output delay at recall
(e.g., Dosher & Ma, 1998) and/or the contribution of word

complexity to the word length effect (Neath & Nairne,
1995). However, regardless of the preferred alternative,
our data must surely be consistent with factors other than
solely differential rehearsal’s contributing to the word
length effect (e.g., Brown & Hulme, 1995; Hulme et al.,
2006; Hulme et al., 2004; Lewandowsky & Farrell, 2000;
Lewandowsky & Oberauer, 2008; Nairne, 2002; Neath &
Brown, 2006; Tehan & Tolan, 2007).

Implications for Theories of Free Recall and ISR

Suppose that one is willing to entertain the notion that
the rehearsal and recall processes used in ISR are the same
as (or at least similar to) those used in free recall for short
lists. How, then, would this impact on the respective ISR
and free recall literatures?

First, one might consider extending recent accounts of
free recall (e.g., Brown et al., 2007; Howard & Kahana,
2002; Laming, 2006, 2008) to explain rehearsal and re-
call in ISR. All three recent accounts of free recall offer
some appealing characteristics. The SIMPLE model of
Brown et al. (2007) assumes that the processes underpin-
ning free recall are the very same as those underpinning
ISR and, hence, might be well placed to account for the
similarities in the effects of the variables manipulated in
these experiments on recall, even though it does not as yet
have a process account of rehearsal or output order. The
temporal context model of Howard and Kahana (2002)
predicts that retrieval in free recall will tend to be forward
ordered, even though participants are free to recall in any
order that they wish. It may be that forward-ordered recall
is a general property of recall at all time scales and tasks,
and the recent data by Bhatarah et al. (2008) suggest that
the degree of forward-ordered recall can be just as great
in the free recall of short lists of words as in the ISR of
similar lists. Laming’s (2006, 2008) account of free recall
assumes that the processes underpinning rehearsal are the
same as the processes underpinning recall, and it may be
that this hypothesis can be extended to both free recall and
ISR, which might share common rehearsal and retrieval
mechanisms, at least for short lists. All three of these ac-
counts of free recall assume that there is no distinct STS
and LTS, and this may prove to be an advantageous start-
ing point, given the lack of trade-offs observed between
concurrent free recall and ISR (Baddeley & Hitch, 1974,
1977, Bhatarah et al., 2006).

An alternative approach is to examine whether theories
of ISR, such as the phonological loop (Baddeley, 1986,
2007), could be extended to account for rehearsal and re-
call phenomena in free recall. For example, the phono-
logical loop could be responsible for the forward order
rehearsal of items in free recall and ISR; such rehearsal
will serve to enhance the recency of the rehearsed items
at the time that retrieval is required. The finding of similar
effects of phonological variables on rehearsal in free recall
in this study is clearly in line with a common phonological
loop account of rehearsal in free recall and ISR.

However, one potential limitation in extending dual-
store theories of free recall (e.g., Davelaar et al., 2005;
Gillund & Shiffrin, 1984; Raaijmakers & Shiffrin, 1981)
or STS accounts of ISR to both tasks is that it seems un-
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likely that both ISR and recency in free recall can be ac-
commodated by a common STS (Baddeley & Hitch, 1974,
1977; Bhatarah et al., 2006). This limitation can be cir-
cumvented if one assumes that recency and rehearsal are
supported by different mechanisms.

Situations in Which the Patterns of Rehearsal on
the Two Tasks May Look Rather Different

The data reported here are from lists of 6 to 12 unre-
lated words, and the claims made for similarities between
rehearsal and recall on the two tasks might be unrealistic
for longer lists or for semantically related lists. The list
length is important in determining the output order and
may also be important in determining the rehearsal strat-
egy for items. It would seem likely, for example, that one
would have expected rather different rehearsal strategies
between free recall and ISR if we had used much longer
lists or had used lists of semantically related items: Partic-
ipants wishing to maximize the numbers of words recalled
irrespective of output order (free recall) may well subjec-
tively organize the list of words (e.g., by semantic cat-
egory or by rehearsing different subsets of the list during
study), whereas participants endeavoring to maintain the
original list order might seek to maintain the input order of
the early subset of items in the patterns of rehearsals.

Summary and Conclusions

In summary, this study has provided evidence that free
recall and ISR share many similar aspects of the rehearsal
and recall processes. Variables such as presentation rate
that implicate a role for rehearsal in free recall were shown
to have similar effects in ISR, and variables such as word
length and articulatory suppression that implicate a role
for rehearsal in ISR were shown to have similar effects in
free recall. Direct observation of the rehearsals made using
the overt rehearsal method provided further evidence for
highly similar rehearsal processes in the two tasks.

Our preferred interpretation of these findings is that par-
ticipants use the same retrieval mechanisms when rehears-
ing and recalling in ISR and free recall (at least for rela-
tively short lists of unrelated items). We wish to highlight
that participants possess a degree of control over the order
of rehearsal and recall, so that grossly similar patterns of re-
hearsals can precede rather different output orders at recall.
Although we are inexact in our specifications, we propose
that the general retrieval mechanism(s) should possess the
general properties of recency and forward-ordered recall
and should be sensitive to output interference. One poten-
tial benefit of our approach is that it promotes cross-talk
between the theories and findings of free recall and ISR
memory tasks and seeks to redress the current divergence
between the two literatures, which, after all, seek to explain
rather similar immediate memory tasks.
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