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In free recall tasks, when low- and high-frequency items are mixed within the to-be-remembered lists,
the usual recall advantage found for high-frequency words is eliminated or reversed. Recently, this mixed-
list paradox has also been demonstrated for short-term serial recall (Hulme, Stuart, Brown, & Morin,
2003). Although a number of theoretical interpretations of this mixed-list paradox have been proposed,
researchers have also suggested that it could simply be a result of participant-controlled strategies (M. J.
Watkins, LeCompte, & Kim, 2000). The present study was designed to assess whether this explanation
could be applied to immediate and delayed serial recall. The results showed that high-frequency words
were recalled better than low-frequency words in pure lists, but that this effect was eliminated in mixed
lists, whether they were given under intentional or incidental learning conditions. This pattern suggests
that the mixed-list paradox cannot be explained by participant-controlled strategies.

Research on memory over the short term has system-
atically investigated the relationship between prior repre-
sentations—the knowledge that participants bring to the
laboratory—and memory for the most recently presented
information: the to-be-recalled list. This work has led to
the identification of a series of benchmark findings that
have contributed to current theoretical development. This
paper is concerned with the most studied of these fac-
tors—namely, word frequency.

Until recently, it was thought that in immediate serial
recall, high-frequency words were better recalled than
low-frequency words (Gregg, Freedman, & Smith, 1989;
Poirier & Saint-Aubin, 1996; Stuart & Hulme, 2000; O. C.
Watkins & M. J. Watkins, 1977). However, Hulme, Stu-
art, Brown, and Morin (2003) have shown that this word
frequency effect depends critically on list composition,
and that the high-frequency advantage typically found in

This article was part of C.M.’s doctoral thesis. Preparation of this arti-
cle was supported by a grant from the Natural Sciences and Engineering
Research Council of Canada to M.P. C.M. was supported by a graduate
scholarship from Laval University Foundation and then by ESRC Grant
RES 000 231038. We thank Silvio Aldrovandi for running Experiment 1.
We also thank Alice F. Healy, lan Neath, and an anonymous reviewer
for their comments on an earlier version of this article. Correspondence
concerning this article should be addressed to C. Morin, Psychology
Department, University of Warwick, Coventry CV4 7AL, England (e-
mail: caroline.morin@warwick.ac.uk).

Copyright 2006 Psychonomic Society, Inc.

immediate serial recall is eliminated in mixed lists that
contain both high- and low-frequency words.

This mixed-list paradox poses some significant chal-
lenges for current models of short-term memory. Although
many models can account for the word frequency effect
in pure lists (e.g., Burgess & Hitch, 1999; Lewandowsky
& Murdock, 1989; Nairne, 1990), this is not the case for
the mixed-list paradox. For example, although the Bur-
gess and Hitch model predicts that mixing familiar and
unfamiliar items in the same list will produce changes in
patterns of performance relative to those for pure lists, the
model continues to predict better recall of familiar items
as opposed to unfamiliar items in mixed lists.

In studies of free recall, usually associated with long-
term memory, it has been suggested that the mixed-list
paradox may simply be a product of participant-controlled
strategies whereby participants pay more attention to the
encoding and rehearsal of low-frequency words because
they believe that low-frequency words will be more dif-
ficult to remember. To test this view, M. J. Watkins,
LeCompte, and Kim (2000) compared the effects of word
frequency on free recall after either an incidental or an ex-
plicit learning task. They found that there was no reliable
difference in the recall of high- and low-frequency words
in mixed lists when an explicit learning procedure was
used. However, high-frequency words were recalled better
in both mixed and pure lists when an incidental learning
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task was used. They therefore suggested that the aboli-
tion of the word frequency effect in free recall of mixed
lists depends on subjects’ devoting differential attention
to encoding low-frequency words when they are expect-
ing a memory test. If such a strategy explanation could
also explain the mixed-list paradox in serial recall (the
abolition of the word frequency effect in mixed lists of
high- and low-frequency words) this would greatly limit
the theoretical importance of the effect.

The present study had two main goals. The first was
to see whether this strategy-based hypothesis could ac-
count for the mixed-list paradox in serial recall. We used
an incidental learning procedure that should eliminate the
use of participant-controlled strategic processing. This led
to the prediction that the usual high-frequency advantage
found in pure lists should also occur in mixed lists under
conditions of incidental learning. Conversely, in an inten-
tional paradigm, the frequency effect should be apparent
with pure lists and eliminated with mixed-frequency lists,
because participants would revert to strategies favoring
the encoding of low-frequency words. If this pattern of
results were to be obtained, it would significantly reduce
the theoretical importance of the mixed-list paradox. In
fact, it would be difficult to maintain that this phenom-
enon can inform models of the basic processes involved
in short-term memory for serial order, except perhaps by
reminding us that strategic processing can override basic
information-processing limitations.

The second aim of the present work was to verify
whether the pattern of results obtained in immediate se-
rial recall would be different with the introduction of a
retention interval. In tasks requiring order information,
benchmark findings have been shown to disappear or even
reverse when recall is delayed. For example, Nairne and
Kelley (1999) showed that with a reconstruction of order
task, the advantage for dissimilar words in an immediate
task was reversed following a brief period of distraction.
This type of reversal has also been replicated with a serial
recall task (Fournet, Juphard, Monnier, & Roulin, 2003). If
the mixed-list paradox was found to be present in both im-
mediate and delayed serial recall tasks, this would support
the generality of the effect. Conversely, if the mixed-list
paradox was found to be absent in delayed recall, any expla-
nation of the effect would have to account for this finding.

EXPERIMENT 1

In Experiment 1, we compared the immediate serial re-
call of mixed-frequency lists under incidental and inten-
tional procedures. The participant strategy hypothesis pre-
dicted that high-frequency words should be recalled better
in the incidental condition, but that this effect should be
eliminated in the intentional condition because partici-
pants could choose to devote more resources to remem-
bering the low-frequency words.

Method
Participants. Four groups of 37 participated in this experiment
(once adjusted for removed participants): two groups in the inciden-
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tal procedure and two in the intentional procedure (N = 148). They
were unpaid volunteers taking part in undergraduate psychology
classes.

Materials. Six high- and 6 low-frequency words were used (see
the Appendix). They were matched on imageability and number of
syllables. The 12 words were used to create two lists: a mixed list
beginning with a high-frequency word (HLHLHL) and a mixed list
beginning with a low-frequency word (LHLHLH).

Procedure. Participants were tested in groups, in one 20-min ses-
sion. The stimuli were presented on a screen at the front of the class-
room. For the incidental groups (one for the HLHLHL list and one
for the LHLHLH list), four practice trials and one critical trial were
presented. The participants were required to remember the color
and position of a series of squares. These squares could occupy one
of nine positions in a 3 X 3 matrix and were all of a different color.
Colored squares appeared one at a time, at a rate of 1/sec. Following
the presentation of a series of four squares, a warning signal was
shown for 1 sec and a further colored square was presented. This was
the probe. The participants’ task was to indicate whether the square
previously presented in this position was of the same color as the
probe. For the first two practice trials, this was the only task. Then
word rating was introduced as a distractor task between the presen-
tation and recall of the colored squares. The participants were told
that this was to increase the difficulty of the colored-square memory
task. They had to rate the imageability of six words on a 7-point scale
(1 for low imageability and 7 for high imageability). Each word was
presented for 3 sec, after which the colored-square probe occurred.
After one such practice trial, the participants were told that the ex-
periment proper was to start. They then had an additional practice
trial that was identical to the one just described.

The following trial was the critical trial. Instead of being pre-
sented with the colored-square probe, the participants were given
the instruction to recall, in order, as many as possible of the six
words that they had just rated. They did so in writing on the back of
the response sheet that they had been using for the color-probe and
word-rating tasks. Finally, the participants were asked if they had
anticipated this memory test. Participants who did not answer this
question or who answered “yes” were eliminated from the study.
For the intentional groups, the procedure was similar to that for a
standard serial recall task: A list of words was presented, followed
immediately by recall. The presentation rate was the same as in the
incidental procedure.

Results and Discussion

Table 1 shows item and order recall means for each con-
dition. A 2 (task) X 2 (word frequency) ANOVA revealed
an advantage for the intentional task [items in position,
F(1,146) = 23.39, p < .001; items irrespective of posi-
tion, F(1,146) = 11.64, p < .001] but no significant effect
of word frequency and no interaction between task and
word frequency (F's < 1). The proportions of order errors
per item recalled were also analyzed. This measure was
computed by dividing the number of order errors by the
total number of items recalled regardless of order (Mur-
dock, 1976; Saint-Aubin & Poirier, 1999). This measure
revealed a significant advantage for the intentional task
[F(1,146) = 10.33, p < .005], but no significant effect of
word frequency and no significant interaction [ << 1 and
F(1,146) = 2.68, p = .10, respectively].

In summary, none of the analyses showed a word fre-
quency effect or an interaction between frequency and
task, but the intentional task produced better item and
order recall than did the incidental task. These results pro-
vide no support for the participant strategy hypothesis.
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Table 1
Mean Probability of Strict Serial Recall, Item Recall, Order Errors,
and Proportion of Order Errors As a Function of Condition for
Experiments 1,2, and 3

Strict Recall Item Recall Order Errors Prop. of Errors
Condition M SD M SD M SD M SD

Experiment 1: Incidental

Mixed HF ~ 0.31 026 055 0.27 146 145 041 041

Mixed LF 033 028 053 028 122 144 0.34 041
Experiment 1: Intentional

Mixed HF ~ 0.54 034 065 0.28 0.70  1.26 0.19 0.34

Mixed LF 0.55 034 069 0.30 0.90 1.34 023 035
Experiment 2

Pure HF 052 029 073 0.18 1.30  1.30 0.30 0.33

Pure LF 040 023 058 0.24 1.13 093 0.35 0.30

Mixed HF 039 031 059 0.27 1.18  1.64 032 041

Mixed LF 040 031 061 0.29 1.21 146 031 0.37
Experiment 3

Pure HF 0.51 029 070 0.21 .12 1.37 028 0.35

Pure LF 035 0.18 059 0.15 147 1.03 042 0.28

Mixed HF 042 030 0.62 0.29 1.21 1.54 0.29  0.30

Mixed LF 045 032 065 0.30 1.23 148 0.30 0.37

Note—Strict recall refers to item in position, whereas item recall refers to item recall
irrespective of order. HF, high frequency; LF, low frequency.

However, there is always the possibility that an incidental
learning task does not produce a standard word frequency
effect in immediate serial recall (i.e., an effect with pure
lists).

EXPERIMENT 2

Experiment 2 was essentially a replication of the inciden-
tal conditions of Experiment 1, with the addition of pure
high- and low-frequency lists to make sure that a word-
frequency effect could be obtained with pure lists. Partici-
pants recalled high-, low-, or mixed-frequency lists.

Method

Participants. Four groups of 38 participants took part in this
study (once adjusted for removed participants). They were unpaid
volunteers taking part in undergraduate classes.

Materials. New word lists (in French) were used. Six high-
frequency and 6 low-frequency words were selected (see the Ap-
pendix). These 12 words were used to create four lists: a pure high-
frequency list, a pure low-frequency list, a mixed list beginning with
a high-frequency word (HLHLHL) and a mixed list beginning with a
low-frequency word (LHLHLH). For the mixed-list conditions, the
order of words in the pure lists was maintained, but the high- and
low-frequency words were alternated. For example, the 1st, 3rd, and
5th words in the HLHLHL list were the same words presented in the
1st, 3rd, and 5th positions of the pure high-frequency list.

Procedure. Three practice trials and one critical trial were pre-
sented. Each trial began with a series of nine colored squares pre-
sented one at a time (1,000 msec present, 1,000 msec absent). Six
words were then presented on the screen, one at a time (2,500 msec
present, 500 msec absent) as distractors. The participants’ task was
to judge, on a 5-point scale, whether each word was pleasant (5) or
unpleasant (1). Finally, 10 colored squares were presented sequen-
tially (2,500 msec present, 500 msec absent) for a yes/no recognition
judgment. Participants were to answer “yes” when both the location
and the color of a test square were recognized. On the fourth and
critical trial, however, instead of making the series of recognition
judgments, the participants were asked to recall the six words pre-

sented as distractors in their order of appearance. Finally, the par-
ticipants were asked whether they had anticipated the memory test.
Those who gave no answer (4 participants) or who answered “yes”
(3 participants) were eliminated from the study.

Results and Discussion

Table 1 presents the relevant means for Experiment 2.
Because word frequency varied between subjects in the
case of pure lists and within subjects in the case of mixed
lists, the data were subjected to Erlebacher’s (1977)
ANOVA procedure. There was no significant effect of list
type [items in position, F(1,132) = 1.77, p = .19; items
irrespective of position, F(1,137) = 2.94, p = .09] or
word frequency [items in position, £(1,137) = 3.12, p =
.08; items irrespective of position, F(1,141) = 3.68, p =
.06], but there was a significant interaction between list
type and word frequency for both measures [F(1,137) =
4.72, p < .05 for items in position, and F(1,141) = 5.90,
p <.05 for items irrespective of position]. High-frequency
words were recalled better in pure lists for both measures
[#(74) = 2.13, p < .05, and #(74) = 3.06, p < .005, re-
spectively], but there was no difference between high- and
low-frequency words in mixed lists (s < 1). Finally, we
considered the proportions of order errors. This analysis
revealed that none of the main effects or the interaction
was significant [word frequency, F(1,149) = 1.72, p =
.19; list type and interaction, F's < 1].

These results established that with pure lists, a high-
frequency advantage is observed with a serial recall
procedure following incidental learning. Moreover, the
results of Experiment 1 were replicated in that the high-
frequency advantage was eliminated with the use of mixed
lists. Hence, the mixed-list paradox for immediate serial
recall was reliably reproduced under incidental learning;
and the predictions of the participant strategy hypothesis
were not supported.



WORD FREQUENCY AND THE MIXED-LIST PARADOX

EXPERIMENT 3

As mentioned in the introduction, one of the aims of the
present work was to verify whether the word frequency
effect and the mixed-list paradox would generalize to a
delayed serial recall task—or whether, as with other vari-
ables, a reversal of the pattern would be observed. To our
knowledge, the effect of word frequency in delayed serial
recall has never been assessed. Hence, Experiment 3 was
a replication of Experiment 2 with the introduction of a
delay between presentation and recall.

Method

Participants. Four groups of 43 participants (once adjusted for
removed participants) took part in this study (N = 172). They were
unpaid volunteers taking part in undergraduate classes.

Materials and Procedure. The materials and procedure were
identical to those of Experiment 2, with the sole exception that the
yes/no recognition judgments were included on the critical trial in
Experiment 3. These judgments served as a 30-sec period of distrac-
tion between word ratings and word recall. Participants who indi-
cated that they anticipated the memory test were eliminated (n = 4),
as were those who did not answer (n = 12).

Results and Discussion

The results of Experiment 3 are shown in Table 1.
Again, because word frequency varied between partici-
pants in the case of pure lists and within participants in the
case of mixed lists, the data were subjected to Erlebacher’s
(1977) ANOVA procedure. For items in position, there was
a significant main effect of word frequency [F(1,167) =
4.01, p < .05], and there was no significant effect of
list type (£ < 1); but there was a significant interaction
[F(1,167) = 8.52, p < .01], reflecting a clear advantage
for high-frequency words in pure [#(84) = 3.19, p < .01],
but not in mixed (# < 1), lists. An identical pattern was
found for items irrespective of position with a significant
effect of word frequency [F(1,135) = 11.75,p < .01] and
no significant effect of list type (¥ < 1), but a significant
interaction [F(1,135) = 4.46, p < .05]. Once again, there
was a clear effect of word frequency in pure lists [£(84) =
2.78, p < .01], but not in mixed lists (¢ < 1). Finally, we
considered the proportions of order errors. This revealed
a significant effect of word frequency [F(1,163) = 3.78,
p < .05], but the effect of list type (¥ < 1) and the inter-
action [F(1,163) = 2.70, p = .10] were not significant.
Participants made more order errors per word recalled in
the low-frequency condition.

The main objective of Experiment 3 was to verify
whether the mixed-list paradox would generalize to a de-
layed serial recall task. The results showed that, contrary
to other benchmark findings, the mixed-list paradox (and
hence the word frequency effect) was not influenced by a
retention interval.

GENERAL DISCUSSION

The three experiments reported here show that when
high- and low-frequency items are mixed in the same
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list, the usual recall advantage for high-frequency words
is eliminated. This pattern occurs when either incidental
or intentional learning procedures are used, as well as in
both immediate and delayed serial recall. These findings
have important implications for models of serial recall,
because explanations of the mixed-list effects in terms of
participant-controlled strategies would lead us to expect
the effects to disappear when incidental learning proce-
dures are used.

Before we discuss the theoretical implications of the
present data, two potential limitations of the studies must
be addressed. The first concerns the presentation rate
used here, which was slower than the one typically em-
ployed in serial recall experiments (1 item/3 sec instead
of 1 item/sec). One could ask whether our findings would
generalize to faster, more typical presentation rates. Be-
cause participants’ strategies do not appear to be a factor
with a slow rate of presentation—where presumably they
would be easier to deploy, given that there is more time
available—there is no reason to expect that the pattern
obtained here would not apply with faster rates of presen-
tation as well.

Another issue concerns the apparent inconsistency of
findings with free recall and serial recall. In a free recall
task, M. J. Watkins et al. (2000) showed that the usual
word frequency advantage was obtained in both pure and
mixed lists in an incidental learning procedure, but that
the frequency effect was abolished in mixed lists under ex-
plicit learning conditions. They interpreted this as support
of participants devoting more effort to encoding the low-
frequency words in mixed lists when they were expecting
a memory test. However, Dewhurst, Brandt, and Sharp
(2004) obtained a different pattern of results using a simi-
lar procedure. Their study showed that the word frequency
effect in free recall of mixed lists was abolished under
incidental learning conditions. These results are more in
line with those obtained in the present experiments and do
not lend support to the encoding strategy hypothesis in the
case of free recall. Although this is beyond the scope of
the present paper, future research should revisit the mixed-
list paradox in free recall in an attempt to resolve current
inconsistencies.

If the mixed-list paradox in immediate serial recall is
not attributable to encoding strategies, how shall we ac-
count for it? The dominant interpretation of the standard
high-frequency advantage has been that it is the result of
redintegration at retrieval (e.g., Saint-Aubin & Poirier,
2000; Schweickert, 1993). Most forms of this hypothesis
suggest that the phonological representations underlying
list recall are subject to degradation. At the point of recall,
items must be redintegrated or “cleaned-up”—a process
thought to call on long-term knowledge of the language.
The probability of successful redintegration and recall
depends on the ease with which that item’s long-term
representation can be accessed. High-frequency items, in
this view, are recalled better because their representations
in long-term memory are more easily retrieved. An item-
based redintegration hypothesis cannot readily account
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for the absence of a word frequency effect in mixed lists
without making the additional assumption that redintegra-
tion of any given item must depend on the list context in
which the item occurs.

Hulme et al. (2003) have described a new version of
the redintegration hypothesis developed to account for
mixed-list findings within a serial recall task. According
to the co-occurrence hypothesis, the mixed-list paradox
would reflect a contribution from preexisting interitem
associations between the lexical/semantic representa-
tions of items within a list. Because high-frequency items
tend to co-occur more often in the language, pure high-
frequency lists benefit from a coactivation process: Items
that co-occur in the language will tend to heighten each
other’s accessibility at the point of retrieval. In mixed lists
as opposed to pure lists, interitem associations between
high-frequency items would be reduced, whereas the low-
frequency items would benefit; the probability of a low-
frequency item co-occurring with a high-frequency item
is higher than the probability of a low-frequency item co-
occurring with another low-frequency item.

Finally, another proposal could account for the re-
sults presented here. The item-order hypothesis (Nairne,
Riegler, & Serra, 1991; Serra & Nairne, 1993), developed
to account for free recall findings, assumes that there are
limited resources available to encode two important types
of information—namely, item-specific information and
relational information. This proposal suggests that the
mixed-list paradox is produced by a trade-off between item
and order information processing. A further assumption is
that recall is guided by relational or order information. Ba-
sically, the suggestion of the item-order hypothesis is that
low-frequency items automatically involve more resources
being attributed to item-specific encoding, leaving fewer
resources for order information encoding. If one accepts
that order information is important in that it guides recall,
then this item-order hypothesis can account for the usual
high-frequency advantage: Order information is encoded
better for high-frequency items, and this overshadows the
item encoding advantage of low-frequency items because
order is important in retrieval. In the case of mixed lists,
the item-order hypothesis suggests that the combination of
high- and low-frequency items evens out order informa-
tion encoding, making it less efficient for high-frequency
items and more efficient for low-frequency items. This al-
lows the better item encoding of the low-frequency items
to affect performance to a greater degree. Hence, the pre-
diction is that in comparison with pure lists, mixed lists
will involve a significant reduction or even a reversal of
the high-frequency advantage.

However, to properly assess such a proposal, item in-
formation would need to be measured with a task not
requiring order information (e.g., recognition), whereas
order information should be measured with a task placing
heavy demands on order information (e.g., serial recall,
order reconstruction). In our experiments, however, both
of our measures involved order information. If the correct
in position scoring is used as an order measure, the predic-

tions of the item-order hypothesis are supported. In effect,
in our experiments, high-frequency words were recalled
better than low-frequency words in pure lists, whereas no
difference was found in mixed lists.

Both of these proposals can account for the findings
reported here, and choosing between them will require
further research. In particular, to test the item-order hy-
pothesis it will be necessary to compare directly measures
of order memory (e.g., serial recall) with measures of
memory that do not require order information (e.g., item
recognition) using mixed and pure lists.

Conclusion

We have reported three experiments examining the
predictions of the participant strategy hypothesis for the
word frequency effect in intentional and incidental se-
rial memory performance. The results allow us to discard
the suggestion that participant-controlled strategies are
responsible for the mixed-list paradox observed in imme-
diate serial recall when item frequency is manipulated.
Moreover, our results indicate that this is also true when a
delay is introduced, implying that whatever mechanism is
involved may be a relatively general one, perhaps involved
in short-term as well as longer term serial memory. We
have briefly discussed two promising accounts—namely,
the item-order hypothesis and the co-occurrence hypoth-
esis. We would suggest that further work examining mixed
lists and other contextual effects in immediate and delayed
serial recall should allow us to determine the better expla-
nation of the mixed-list paradox.
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APPENDIX A
Stimuli Used in Experiments 1-3

Experiment 1

High-Frequency Words

family afternoon telephone
Low-Frequency Words
emperor pioneer bayonet

Experiments 2 and 3

High-Frequency Words

semaine journée argent
[week] [day] [money]
Low-Frequency Words

moquette refuge sifflet
[carpet] [refuge] [whistle]

government decision experience
subaltern pyramid disparity
probleéme musique famille
[problem] [music] [family]
angoisse cannelle lutin
[anguish] [cinnamon] [imp]

(Manuscript received April 1, 2004;
revision accepted for publication December 12, 2005.)
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