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Abstract While many studies have investigated the list
length effect in recognition memory, few have done so with
stimuli other than words. This article presents the results of
four list length experiments that involved word pairs, faces,
fractals, and photographs of scenes as the stimuli. A
significant list length effect was identified when faces and
fractals were the stimuli, but the effect was nonsignificant
when the stimuli were word pairs or photographs of scenes.
These findings suggest that the intrastimulus similarity is
what dictates whether list length has a significant effect on
recognition performance. As is the case with words, word
pairs and photographs of scenes are not sufficiently similar
to generate detectable item interference.
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The list length effect is the finding that recognition
performance is superior for items that are part of a short
list at study than for items that were part of a long list. The
issue of whether there is a genuine list length effect in
recognition memory or whether this is a finding that has
resulted from the influence of confounding variables in past
studies is critical, because the list length effect can provide
a test of models of recognition memory. There are two main

groups of recognition memory models: item noise models
and context noise models. Item noise models posit that
interference in recognition memory originates from the
other items presented with the test cue at study. In context
noise models, there is no interference from other list items,
but rather, from the previous contexts in which the test item
has been seen. Consequently, item noise models predict a
significant effect of list length on recognition performance,
but context noise models do not. Thus, investigating the
nature of the list length effect is critical to evaluating
models of recognition memory.

The list length effect finding has been well replicated in
the recognition memory literature (e.g., Bowles & Glanzer,
1983; Cary & Reder, 2003; Gronlund & Elam, 1994;
Murnane & Shiffrin, 1991; Shiffrin, Ratcliff, Murnane, &
Nobel, 1993; Strong, 1912; Underwood, 1978). However,
in recent years, a number of studies have not identified a
significant effect of list length on recognition performance
(e.g., Buratto & Lamberts, 2008; Dennis & Humphreys,
2001; Dennis, Lee, & Kinnell, 2008; Jang & Huber, 2008;
Kinnell & Dennis, 2011). Dennis and Humphreys argued
that the studies that had identified a significant list length
effect had done so because of a failure to adequately control
for a number of potential confounds that could lead to a
spurious effect. These confounds were retention interval,
attention, displaced rehearsal, and contextual reinstatement.

Retention interval is related to the amount of time that
passes between when an item is studied and tested.
Typically, short-list study items have a shorter retention
interval, but this can be lengthened with a period of filler
activity, so that the retention interval is equivalent to that
with a long list. The filler activity can come either before
(proactive design) or after (retroactive design) the short list.
In addition, the long-list test items come from either the end
(proactive design) or the beginning (retroactive design) of
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the long study list, corresponding to whether the filler for
the short list came before or after the presentation of the
items (Cary & Reder, 2003; Dennis & Humphreys, 2001;
see Fig. 1). The retroactive design control for retention
interval can also lead to differential rehearsal of list items,
with the filler period allowing for rehearsal of short-list
items, with no equivalent opportunity for long-list items.
Making the filler activity as engaging as possible in an
attempt to discourage rehearsal can help to counteract this
difference (Cary & Reder, 2003; Dennis & Humphreys,
2001).

The amount of attention paid to list items is also likely to
differ between short and long lists, with boredom more
likely to occur in the latter (Underwood, 1978). When the
proactive design has been used to control for retention
interval and the items at the end of the long study list are
being tested, differences in performance based on list length
may be magnified. This potential confound can be
controlled by using an encoding task that requires a
response during study (Cary & Reder, 2003; Dennis &
Humphreys, 2001).

Finally, there can also be differences between short and
long lists in the reinstatement of the study context at the
onset of the respective test lists. This is of particular
concern when the retroactive design has been used as a
control for retention interval and the filler activity imme-
diately precedes the short-list test, but the long list is
immediately followed by its test. This difference may mean
that participants are more inclined to reinstate the short-
study-list context at test, having just been engaged in a
completely different activity, while they may see no such
need in the long-list test, having just viewed the list itself.
The study-list context may vary with the passage of time,
particularly for the long list. Consequently, the end-of-list
context may be significantly different from the start-of-list
context, which, in the retroactive design, is associated with
the items on which they will be tested. This may lead to a
spurious list length effect finding. However, these differ-
ences can be controlled by presenting participants with an

additional period of filler activity before presentation of
each test list (Cary & Reder, 2003; Dennis & Humphreys,
2001; see Fig. 2).

Kinnell and Dennis (2011) reviewed the relative effects
of these four potential confounds and concluded that, while
there may be no way to completely control for their effects,
steps can be taken to minimise the influence of the potential
confounds. They recommended the use of the retroactive
design along with a pleasantness rating task at study, together
with an extended (8-min) period of filler activity prior to the
onset of each test list, as the best way to limit the effect of
the potential confounds. Under these conditions, they found
no effect of list length using words as stimuli.

The list length effect and stimuli other than words

Many studies have investigated the list length effect in
recognition memory, but almost all of these studies have
used words as the stimuli. The exceptions include the very
first list length study, that of Strong in 1912, which used
newspaper advertisements; the work of Brandt (2007),
which involved random checkerboard patterns; and the
associative recognition experiments of Criss and Shiffrin
(2004b), which included faces; all other published list
length studies to date have used words as the stimuli. Both
Strong and Criss and Shiffrin (2004b) found significant
differences between list lengths for their advertisement and
face pair stimuli, and Brandt found that while short-list
performance was significantly better than long-list perfor-
mance, long-list performance was actually superior to that
with a medium-length list (though not significantly). Strong
did not control for any of the four potential confounds noted
by Dennis and Humphreys (2001), Brandt’s study included a
short (30-s) period of filler prior to each test list, and Criss
and Shiffrin’s (2004b) experiment included controls for
retention interval, displaced rehearsal, and attention. Thus,
there has not been a fully controlled list length experiment
using a stimulus other than words. Therefore, it remains
unclear whether the nonsignificant effect of list length on
recognition performance for words when potential confounds

Fig. 1 Experimental design when controls for retention interval are
implemented. The shading indicates the sections of the study lists that
are tested

Fig. 2 Experimental design when controls for retention interval and
contextual reinstatement are implemented. The shading indicates the
sections of the study lists that are tested
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are controlled is specific to these stimuli. Dennis and
Humphreys conjectured that there may be something special
about words: They are unitised stimuli and, because they are
very commonly encountered, they have distinctive represen-
tations and are not easily confused with each other. As Greene
(2004, p. 261) noted, “all words contain strong semantic
features that make each one unique and distinctive.” It may
be that other, less unitised, stimuli behave differently. Thus,
the aim of the experiments presented in this study was to
examine whether the list length effect is evident when stimuli
other than words are used.

Experiment 1: Word pairs

One variation on using single words as stimuli is to pair
two words together, as in the associative recognition
paradigm. Three experiments have manipulated list length
in an associative recognition design, with divided results.
Clark and Hori (1995) and Nobel and Shiffrin (2001)
identified significant list length effects, while Criss and
Shiffrin (2004b) did not. None of these experiments
controlled for all of the potential confounds listed above.

In Clark and Hori’s (1995) experiment, list length was
manipulated between 34 and 100 pairs (list length ratio of
1:3). The authors implemented a 45-s retention interval
period of mental arithmetic prior to each test list, which
could also be considered a control for contextual reinstate-
ment. Nobel and Shiffrin (2001) manipulated list length
between 10 and 40 pairs in their first experiment (list length
ratio of 1:4), while in their third experiment, list length was
either 10 or 20 pairs (list length ratio of 1:2). They also
controlled for contextual reinstatement by including a
period of mental arithmetic for 26 s prior to each test list,
but this period may not have been of sufficient length to
encourage contextual reinstatement following the long list
(Dennis et al., 2008). Criss and Shiffrin’s (2004b) experi-
ment involved participants being presented with three types
of lists: pairs of faces (FF), pairs of words (WW), or one
word and one face paired together (WF). For lists of word
pairs, list length was varied between 20, 30, and 40 pairs
(list length ratio of 1 : 1.5 : 2). Participants were asked to
rate the degree of association between the two items that
made up each pair, which could act as a control for
attention. This study used a within-list manipulation of list
length that would also have provided controls for retention
interval and displaced rehearsal.

There may also be something special about using the
associative recognition design, rather than a single-item
recognition experiment. Hockley (1991, 1992) carried out a
series of experiments comparing forgetting rates in the
recognition of single words and of word pairs. The
consistent finding was that the rate of forgetting was

greater for single words than for word pairs. He concluded
that memory for word pairs is “more resistant to the effects
of decay, interference from intervening events, or both”
than is memory for single items (Hockley, 1992, p. 1328).
However, Weeks, Humphreys, and Hockley (2007) later
argued that Hockley’s (1991, 1992) finding of flat forget-
ting curves did not show a complete absence of forgetting,
but instead suggested that interference was affecting targets
and distractors in the same way. Nevertheless, it may be
that there is no significant effect of list length when the
stimuli are word pairs, simply because they are resistant to
the influence of interference from other study pairs.

A partial replication of Criss and Shiffrin’s (2004b),
Clark and Hori’s (1995), and Nobel and Shiffrin’s (2001)
studies was the basis of the present experiment using word
pairs and the associative recognition design. Controls for all
potential confounds were introduced, and for consistency
with previous experiments (e.g., Cary & Reder, 2003;
Kinnell & Dennis, 2011; Nobel & Shiffrin, 2001), the list
length ratio was set at 1:4. The primary aim of Experiment
1 was to determine whether word pairs behave differently
from single words and whether there is a significant list
length effect when the former are used as stimuli.

Method

Participants The participants were 40 first-year psychology
students at Ohio State University, who participated
in exchange for course credit.

Design A 2 × 2 factorial design was used. The factors were
List Length (short or long) and Word Frequency (low or
high; note that “word frequency” refers to the frequency of
both items in the pair, so two high-frequency words made
up a high-frequency pair, and two low-frequency items
made up a low-frequency pair). The word frequency
manipulation was included in this experiment for consis-
tency with previous experiments conducted by the authors.
However, the nature of the word frequency effect in
associative recognition is not as clear as in single-item
recognition. In single-item recognition, performance for
low-frequency words is superior to that for high-frequency
words, while in associative recognition, the reverse is
generally true (Clark, 1992; Clark & Burchett, 1994;
Clark, Hori, & Callan, 1993, Exps. 1 and 2; Clark &
Shiffrin, 1992); however, some studies (e.g., Clark et al.,
1993, Exp. 3; Hockley, 1992) have not identified a
significant effect of word frequency. Both were within
subjects manipulations.

Materials The stimuli for this experiment were 240 five-
and six-letter words from the Sydney Morning Herald Word
Database (Dennis, 1995). Half of the words were high
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frequency (100–200 occurrences per million), and half were
low frequency (1–4 occurrences per million). Words were
randomly paired with another word of the same frequency.
All word pairs were randomly assigned to lists for each
participant, and no participant saw the same pair of words
twice, with the exception of targets.

Procedure Upon arrival, participants were given an over-
view of the experiment and completed a practice session
with the sliding-tile puzzle activity that would be used
throughout the experiment during retention intervals.
Participants completed two study lists, one short (24 word
pairs) and one long (96 word pairs), with the list
presentation order counterbalanced for participants. Each
pair appeared on screen for 3,000 ms. High-frequency pairs
comprised half of the list, and the other half were low-
frequency pairs. The two words of each pair were presented
side by side on a computer screen.

During study, participants were asked to rate how related
the two words were to each other on a 6-point Likert scale (1 =
unrelated, 6 = related) by clicking on the appropriate number
displayed below the word pair. They were instructed to make
this rating while the word pair was on screen, and to move
on to and rate the next pair should they miss giving a rating.

The experiment had a retroactive design as a control for
retention interval. This meant that the short list was
followed by a 3-min 36-s filler period with the sliding-tile
puzzle, and that the first 8 word pairs from both the short
and long lists were included as the targets at test. One word
was taken from each of the next 16 word pairs at study to
create rearranged pairs at test. Each of the words in a
rearranged pair was presented in the same screen position
(left or right) where it had been presented as part of its
original pair. Test pairs were presented in a random order.

Participants were given a 20-s warning before the start of
the test list. They were instructed to respond “yes” if they
recognised a word pair from the study list and to respond “no”
if they did not. Responses were recorded when the participant
clicked on the appropriate button, which was displayed on
screen below the word pair. Test lists comprised eight target
pairs and eight rearranged pairs. There was no time limit for
responding, and there were no missing data.

In addition to the control for retention interval following
the short lists, participants completed 8 min of sliding-tile
puzzle filler before the onset of each test list (a control
implemented to encourage contextual reinstatement).

Results

Within-subjects versus between-subjects analysis This
experiment, and those to follow in this article, was
designed with list length as a within-subjects manipu-
lation, in order to ensure that it had the greatest

experimental power possible and was consistent with
the method of previous studies in the area. However, it
was later noted that the use of a within-subjects design
might itself mask list length effects (Kinnell & Dennis,
2011). Indeed, inspection of the within-subjects analyses
revealed statistically significant interactions between list
length and list order for all but one of the experiments
presented in this article [the interaction was not significant
in the present experiment: F(1, 38) = 0.01, p > .05].

The first potential reason for these significant interactions
was that for the first list studied, each participant was naive,
whereas all participants were experienced by the second list.
For example, a participant who sees the long list first might
expect the second list to be of equal length. This expectation
could influence the study strategy they adopted; for example,
they might prepare to spread their attention over another
long list of items and, as a result, pay less attention to
the second list than a participant who began with a
short list. Similarly, a participant who began with a
short list might also expect the second list to be short
and attend to items in the same manner. In the
retroactive condition, this focused attention at the start
of the long list would be on precisely the items on
which they would later be tested and would positively
influence performance on the long list when it was
viewed second.

Furthermore, a participant who viewed the short list
second would already have seen 80 long-study-list items
plus 40 test items prior to the start of the second (short) list.
Consequently, this participant might have been bored prior
to the start of the second list and therefore have been less
likely to pay attention to the short study list than if it had
been viewed first. This would again favour performance on
the long list when viewed second. Finally, the use of the
within-subjects design meant that by the end of the second
study list, all participants would have seen an equal number
of study list items, irrespective of whether that second list
was long or short. This might also have made finding a
significant effect of list length less likely.

To address this potential problem, two sets of analyses
were conducted on the data in each experiment. A within-
subjects analysis was carried out, as well as a between-
subjects analysis using only the data from the first list studied
by each participant. The results from both analyses are
reported for each experiment. For all analyses presented, the
results produced F < 1 and p > .05 unless otherwise noted.

List length Figure 3 shows the effect of list length on d',
while Table 1 displays the hit and false alarm rate data.
Corrections were made to all hit and false alarm rates in this
study prior to calculation of d' to avoid infinite values of
this statistic when recognition performance was at ceiling or
floor. As suggested by Snodgrass and Corwin (1988), the
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corrections were made by adding a value of 0.5 to the hit
and false alarm counts and adding 1 to the number of target
and distractor items.

In both the within- and between-subjects analyses, 2
(length) × 2 (frequency) repeated measures ANOVAs did
not yield statistically significant effects of list length on d',
hit rate, or false alarm rate.

Word frequency There was a significant main effect of word
frequency on d', F(1, 39) = 10.17, p = .003, ηp

2 = .21, and on
the false alarm rate, F(1, 39) = 17.04, p < .001, ηp

2 = .30,
with a higher false alarm rate for low-frequency pairs
(Fig. 4). However, there was no significant effect of word
frequency on the hit rate.

Response latency One-way ANOVAs yielded nonsignifi-
cant effects of list length on the median response latencies
for correct and incorrect responses in both the within- and
between-subjects analyses; see Table 2. Medians were used
to minimise the effect of outlier response latencies.

Discussion

The results of Experiment 1, using word pairs as the
stimuli, were consistent with the findings of Criss and

Shiffrin (2004b) for word pairs, but were in contrast to
those of Clark and Hori (1995) and Nobel and Shiffrin
(2001). No significant list length effect was identified in
either the accuracy or response latency data in the within-
or between-subjects analyses. The list length ratio in this
experiment was stronger than in the studies of Criss and
Shiffrin (2004b) or Clark and Hori, or in Nobel and
Shiffrin’s Experiment 1. The larger list length ratio would
make it more likely that we would identify a significant
effect of list length, but this was not the case. However, the
increase in the list length ratio was likely offset by the
introduction of controls for the four potential confounds.

It should also be acknowledged that using the
retroactive design to control for retention interval might
have had an influence on the results of this experiment.
While the first 8 pairs of each study list were included
as targets at test, the distractor pairs were created using
one word from each of the next 16 pairs, meaning that
they had been more recently encountered than the
targets. This could perhaps have affected recognition
performance. However, the situation was the same for
both the short and long lists and would not have had an
impact on the list length findings.

The word frequency effect was identified in the d' and
false alarm rate data, with better performance for high-
frequency pairs, consistent with some previous research
(Clark, 1992; Clark & Burchett, 1994; Clark et al., 1993,
Exps. 1 and 2; Clark & Shiffrin, 1992). However, the effect
was nonsignificant in the hit rate data, consistent with other
previous findings (Clark et al., 1993, Exp. 3; Hockley,
1992). It appears that there is a high-frequency advantage,
but the mirror pattern that is often observed in single-item
recognition (Glanzer & Adams, 1985) does not appear to be
robust in associative recognition.

Fig. 3 Mean d' values for short and long lists in Experiment 1 (word
pairs). Bars represent 95% confidence intervals (within-subjects
analysis)

Table 1 Mean hit and false alarm rates for short and long lists in
Experiment 1 (word pairs)

Hit Rate False Alarm Rate

Short List Long List Short List Long List

High frequency .72 (.22) .79 (.22) .28 (.27) .34 (.27)

Low frequency .73 (.30) .78 (.23) .46 (.33) .45 (.31)

Standard deviations appear in parentheses.

Fig. 4 A significant effect of word frequency was identified only for
the false alarm rate in the word pair data. There was no significant
effect on the hit rate. Bars represent 95% confidence intervals (within-
subjects analysis). *Difference significant at the p < .05 level
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Experiment 2: Faces

In Experiment 2, images of novel faces were used as the
stimuli. While we are used to seeing many faces in our
everyday lives, these particular examples had never been
encountered before by the participants. Criss and Shiffrin’s
(2004b) associative recognition experiment revealed that
words behave differently from faces, in that the list length
effect was identified for the latter but was not significant for
words.

Much research has been devoted to identifying differ-
ences in the processing, encoding, and retrieval of words
and faces. It has been suggested that words and faces are
processed in the same way, as a series of parts (e.g.,
Martelli, Majaj, & Pelli, 2005). However, others have
argued that faces are processed holistically, while words are
processed as a series of parts that together make up the
whole (e.g., Farah, Wilson, Drain, & Tanaka, 1998). Thus,
a nonsignificant effect of list length when the stimulus is
words does not necessarily mean that there will also be a
nonsignificant effect when faces are used as the stimuli.

Chalmers (2005) noted that faces have nameable features
(e.g., eyes, nose, and lips), but that these features are
common to every face, making the stimuli difficult to
describe in a unique way. This, too, is different from words,
which, even with different combinations of features,
combine to form a unique word that is easy to describe.
When it comes to a recognition memory test, this may
mean that more overlap occurs in the encoding of faces
than of words. As Jacoby and Dallas (1981) noted, the
processing of such verbal stimuli as words is more fluent
than that of nonverbal stimuli, such as images of novel
faces. Thus, adding extra faces to a study list might result in
greater interference than adding extra words, and might
make a significant list length effect more likely to result for
faces.

Alternatively, it has been argued that words and faces
behave in similar manners. Xu and Malmberg (2007)
conducted an associative recognition study in which the
type of stimuli used for the pairs was manipulated between
subjects. The lists were made up of word pairs, face pairs,
pseudoword pairs, or Chinese character pairs. Xu and
Malmberg found that the pattern of results for words
resembled that for faces, with pseudowords and Chinese
characters behaving differently from both. They proposed

that words and faces behave in the same way because they
are more commonly encountered in everyday life than are
pseudowords and Chinese characters (by non-Chinese
speakers).

The aim of Experiment 2 was to investigate whether
there was a significant effect of list length on recognition
performance when novel faces were used as the stimulus.

Method

Participants A group of 40 first-year psychology students
from Ohio State University participated in this experiment.
They received course credit for their participation.

Design Length (short or long) was the only factor manip-
ulated in this experiment and was manipulated within
subjects.

Materials The stimuli in this experiment were 140 colour
images of faces taken from the AR Face Database
(Martínez & Benavente, 1998; see Fig. 5 for examples).
Half of the images were of males and half of females. All
images were 460 × 460 pixels in size and were randomly
assigned to lists, with no image appearing twice.

Procedure The procedure of Experiment 2 resembled that
of Experiment 1, with some key differences. The procedure
was first described to participants, who then completed a
practice session of the sliding-tile puzzle activity that would
be used throughout the experiment. Participants completed

Table 2 The mean of median
response latencies (in
milliseconds) for word pairs
in Experiment 1

Standard deviations appear in
parentheses.

Within-Subjects Analysis Between-Subjects Analysis

Short List Long List Short List Long List

Correct responses 1,551 (389) 1,502 (400) 1,609 (498) 1,385 (271)

Incorrect responses 2,110 (1,008) 2,032 (739) 2,359 (1,121) 1,892 (720)

Fig. 5 Examples of face stimuli from the AR Face Database
(Martínez & Benavente, 1998) used in Experiment 2. Half of the
images were of females, half were of males
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two study lists, one short (20 items) and one long (80
items), with the list presentation order counterbalanced
across participants. Each face appeared on screen for
4,000 ms. Male faces made up half of each list, and the
other half were female faces. Test lists comprised 20 targets
and 20 distractors. All faces were presented in the middle of
the computer screen.

During study, participants were asked to rate the
pleasantness of each image on a 6-point Likert scale (1 =
least pleasant, 6 = most pleasant) by clicking on the
appropriate number displayed below the image. They were
instructed to make this rating while the image was being
displayed on screen and to move on to and rate the next
image should they miss giving a rating in the allotted time.

The experiment had a retroactive design as a control for
retention interval. The short list was followed by a 4-min
period of sliding-tile puzzle filler, and the first 20 face images
from the long list were included as the targets at test.

Participants were given a 15-s warning before the start of
the test list. Using the yes/no recognition paradigm,
participants were instructed to respond “yes” if they
recognised a face image from the study list and “no” if
they did not. Responses were recorded when the participant
clicked on the appropriate button displayed on screen.
There was no time limit for responding, and there were no
missing data.

Contextual reinstatement was facilitated following both
lists by including an 8-min period of sliding-tile puzzle
before the onset of each test list, in addition to using the
puzzle as a control for retention interval.

Results

Length × Order interaction A 2 × 2 mixed design ANOVA
yielded a statistically significant interaction between list
length (short vs. long) and list order (long–short vs. short–
long), F(1, 38) = 15.87, p < .0001, ηp

2 = .30.

List length Figure 6 shows the effect of list length on d',
and Table 3 shows the hit and false alarm rate data. A one-
way repeated measures ANOVA yielded a statistically
significant effect of list length on d' in the within-subjects
analysis, F(1, 39) = 6.53, p = .01, ηp

2 = .14, and a
marginally significant effect in the between-subjects
analysis, F(1, 38) = 3.53, p = .07, ηp

2 = .08. This was
driven by a significant effect of list length on the false
alarm rates under both the within-subjects, F(1, 39) = 12.16,
p = .001, ηp

2 = .24, and between-subjects, F(1, 38) = 4.56,
p = .04, ηp

2 = .12, analyses. The effect of list length on the hit
rate was not statistically significant in either analysis.

Response latency One-way repeated measures ANOVAs
did not yield significant effects of list length on the median

response latencies for correct or incorrect responses in
either the within- or the between-subjects analyses; see
Table 4.

Discussion

Consistent with the results of Criss and Shiffrin (2004b), a
statistically significant effect of list length was identified on
recognition performance when unfamiliar faces were used
as the stimuli. However, this was in contrast to the
nonsignificant effects of list length reported in several
previous studies (e.g., Dennis & Humphreys, 2001; Dennis
et al., 2008; Kinnell & Dennis, 2011) and in Experiment 1.
It seems that, contrary to the work of Xu and Malmberg
(2007), there is something different about words and faces.
The different findings may be attributable to possible
differences in the processing of faces and words—that is,
holistically or as a combination of parts, respectively (see
Farah et al., 1998).

Alternatively, the hypothesis of Chalmers (2005), that
there is a lack of unique ways in which one can describe
and encode faces, may explain the different results. This
difficulty in encoding face stimuli may result in greater
overlap in the representations of the faces that appeared at
study versus a similar list composed of words. Thus, the
addition of more faces to a study list would lead to greater
interference than would the addition of other words to the

Fig. 6 Mean d' values for short and long lists in Experiment 2 (faces).
Bars represent 95% confidence intervals (within-subjects analysis).
*Difference significant at the p < .05 level

Table 3 Mean hit and false alarm rates for the short and long lists in
Experiment 2 (faces)

Hit Rate False Alarm Rate

Short list .79 (.15) .25 (.16)

Long list .80 (.14) .34 (.17)

Standard deviations appear in parentheses.
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study list—hence, the significant list length effect finding in
the present case. This greater interference might also be
reflected in the false alarm rates, which were high
compared with those in previous experiments using single
words as the stimuli (e.g., Kinnell & Dennis, 2011),
consistent with the idea that “yes” responses are more
probable when the stimuli are nonverbal (e.g., Greene,
2004; Whittlesea & Williams, 2000; but see Xu &
Malmberg, 2007).

While the face stimuli in this experiment were unfamiliar,
in that it was highly unlikely that a participant would have
ever seen the faces in any other context, participants were
certainly familiar with looking at faces in everyday life. Thus,
there had been many previous instances of witnessing faces
with varying degrees of similarity to those presented at study.
The impact on the list length effect of stimuli that are
encountered less often—images of fractals—was investigated
next.

Experiment 3: Fractals

A fractal is “a geometrical figure in which an identical
motif repeats itself on an ever diminishing scale” (Lauwerier,
1991, p. xi). As a consequence of their being novel stimuli,
the encoding of fractals may be negatively affected by the
lack of readily available appropriate labels with which to tag
and encode the individual examples (Curran, Schacter,
Norman, & Galluccio, 1997; Gardiner & Java, 1990), as
may have also been the case with Brandt’s (2007)
checkerboard stimuli. With faces, there are common features
that can be described in different ways—for example, big
nose, blonde hair, and blue eyes. With fractals, it is not as
apparent what features can be described—for example, a
certain pattern or shape may be present in some but not all
fractal images, while a nose and mouth are present on every
face. This may lead to a longer description of each image
being employed and to greater overlap in encoding than is
the case with words.

This difficulty in encoding, together with these stimuli
being less commonly encountered than faces, means that
the fractal images may be subject to more interference, in
that they are more confusable with each other than are
images of faces, especially since recognition performance
for faces is considered to be quite high (e.g., Bahrick,

Bahrick, & Wittlinger, 1975). Experiment 3 aimed to
investigate whether the list length effect was evident when
fractals were used as the stimuli.

Method

Participants The participants in this experiment were 40
first-year psychology students at Ohio State University.
They each received course credit in exchange for their
participation.

Design This experiment had a 2 × 2 factorial design and the
factors were List Length (short or long) and Fractal Type
(circle or leaf). Both were within-subjects manipulations.

Materials The stimuli used in this experiment were 140
colour images of fractals, each 600 × 400 pixels in size.
Half of the fractals were classed as circle fractals, which
involved a circular shape as the centrepiece, and the
remainder were termed leaf fractals (see Fig. 7 for
examples), which involved leaf-like shapes scattered across
the image. All images were randomly assigned to lists, with
no imagesexcept targets appearing twice.

Procedure The procedure for this experiment was identical
to that of the previous experiment, with the only difference
being the stimuli used. Each list was made up of equal
numbers of both circle and leaf fractals.

Table 4 The mean of median
response latencies (in
milliseconds) for faces in
Experiment 2

Standard deviations appear in
parentheses.

Within-Subjects Analysis Between-Subjects Analysis

Short List Long List Short List Long List

Correct responses 1,169 (162) 1,212 (188) 1,180 (164) 1,214 (191)

Incorrect responses 1,325 (631) 1,346 (406) 1,269 (397) 1,300 (340)

Fig. 7 (A) Two examples of “circle” fractals and (B) two examples of
“leaf” fractals
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Results

Length × Order interaction A 2 × 2 mixed design ANOVA
yielded a statistically significant interaction between list
length (short vs. long) and list order (long–short vs. short–
long), F(1, 38) = 4.71, p = .04, ηp

2 = .11.

List length Figure 8 and Table 5 present the effect of list
length on d' and the hit and false alarm rate data,
respectively. A 2 × 2 (Length × Fractal Type) repeated
measures ANOVA did not yield a statistically significant
effect of list length on d' in the within-subjects analysis;
however, when the between-subjects analysis was conducted,
a significant effect was identified, F(1, 38) = 7.40, p = .01,
ηp

2 = .16. In both analyses, there was no significant effect of
list length on the hit rate, but the effect on the false alarm rate
was significant in both the within-subjects, F(1, 39) = 10.86,
p = .002, ηp

2 = .22, and between-subjects, F(1, 38) = 4.84,
p = .03, ηp

2 = .11, analyses.

Fractal type The 2 × 2 ANOVA also yielded a
statistically significant effect of fractal type (leaf vs.
circle) on d' in both the within-subjects, F(1, 39) = 13.39,
p < .001, ηp

2 = .26, and between-subjects, F(1, 38) = 17.43,
p < .001, ηp

2 = .31, analyses, with better performance for
circle fractals. The effect of fractal type on the false alarm
rate was also statistically significant in the within-subjects, F
(1, 39) = 12.30, p = .001, ηp

2 = .24, and between-subjects, F
(1, 38) = 17.97, p < .001, ηp

2 = .32, analyses. The effect
of fractal type on hit rates was nonsignificant for both types of
analysis (see Table 5 for the hit and false alarm data).

Response latency One-way repeated measures ANOVAs
yielded statistically significant effects of list length on the
median response latencies for correct responses and incorrect
responses in both thewithin-subjects [correct,F(1, 39) = 17.85,

p = .0001, ηp
2 = .31; incorrect, F(1, 39) = 24.29, p < .0001,

ηp
2 = .38] and between-subjects [correct, F(1, 38) = 7.31,

p = .01, ηp
2 = .16; incorrect, F(1, 38) = 5.06, p = .03,

ηp
2 = .12] analyses; see Table 6.

Discussion

When the results of the present experiment were analysed
using the within-subjects data, a statistically significant
effect of list length on the response latency data for correct
and incorrect responses was identified, but this was not
reflected in the accuracy data (with the exception of the
false alarm rate). Analysis of the between-subjects data
resulted in significant effects of list length in both the accuracy
and response latency data. This discrepancy highlights the
importance of analysing and reporting both sets of data. Taken
together, the results suggest a significant effect of list length
on recognition performance for fractals.

Overall, recognition performance in this experiment was
low. This decreased performance was likely the result of
overlapping representations of the fractal images. As Chalmers
(2005) noted with respect to faces, there is a shortage of
unique ways in which complex stimuli of this type can be
described and uniquely encoded into memory. When this is
the case, the addition of extra items to the list has a more
detrimental effect on performance, as compared with word
lists. As was the case with the faces in the previous
experiment, the false alarm rates for fractals were higher than
those in previously published studies (e.g., Kinnell & Dennis,
2011). Brandt (2007) also noted that the list length differences
in his checkerboard list length study were driven by an
increase in false alarm rates. These results are another example
of a tendency for participants to provide more “yes” responses
for nonverbal stimuli (Greene, 2004; Whittlesea & Williams,
2000; but see Xu & Malmberg, 2007).

Experiment 4: Photographs of scenes

The experimental results to this point have suggested that,
when controls for potential confounds are in place, no
significant effect of list length is identified for single words

Fig. 8 Mean d' values for short and long lists in Experiment 3
(fractals). Bars represent 95% confidence intervals (within-subjects
analysis)

Table 5 Mean hit and false alarm rates for fractal data in Experiment
3 (fractals)

Hit Rate False Alarm Rate

Short List Long List Short List Long List

Circle fractals .66 (.21) .69 (.22) .30 (.21) .37 (.25)

Leaf fractals .62 (.26) .69 (.19) .40 (.21) .54 (.25)

Standard deviations appear in parentheses.
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(see, e.g., Kinnell & Dennis, 2011) or for word pairs in an
associative recognition paradigm. There is, however, a
significant list length effect when novel faces and fractal
images are used as the stimuli. The final experiment of this
study was designed in an attempt to fall somewhere
between these two types of stimuli and to help establish
the boundary conditions between the two.

Shepard (1967) looked at recognition performance on lists
of words (540 items), sentences (612 items), and pictures
(612 items). In a forced choice recognition paradigm
involving 68 test pairs, Shepard found that performance for
all three types of stimuli was high, and he noted that
discriminability was at its best when the “stimuli were
meaningful, colored pictures” (1967, p. 159). The meaning-
fulness of the stimuli was revisited by Chalmers (2005), who
noted that this may, in part, explain differences in perfor-
mance on novel faces, very low-frequency (novel) words,
and pictures of complex scenes. Thus, colour photographs of
complex scenes were used as the stimuli in Experiment 4.
These were visual in nature, should be meaningful to the
participants, and should elicit high recognition performance.

Photographs of this kind are also more nameable than the
images of either faces or fractals, and participants should be
better able to encode them uniquely (Chalmers, 2005). This
should also improve performance and allow us to ascertain
whether it is the visual nature of faces and fractals or the
difficulty of unique encoding that has resulted in the
contradictory list length results for these stimuli and for words.

Method

Participants A group of 40 first-year psychology students
from Ohio State University participated in this experiment
in exchange for course credit.

Design List length (short or long) was manipulated within
subjects in Experiment 4.

Materials The stimuli for this experiment were 140
different colour photographs of everyday scenes—for
example, images of a library interior, a beach, and a
classroom (see Fig. 9 for examples). Each photograph was
800 × 600 pixels in size.

Procedure The procedure for this experiment largely
followed that of the previous two experiments. The
main difference was the duration of presentation of the
items at study. A pilot study was carried out in which
the photographs of scenes were presented for 3,000 ms
at study, as in the previous experiments, but perfor-
mance was at ceiling. Therefore, in an effort to reduce
performance, the rate of presentation of the stimuli at
study was cut to 500 ms with a 250-ms interstimulus
interval, during which time the screen was blank. As a
consequence of the shortened rate of presentation, it
was not possible to request a response to an encoding
task while the stimuli were on screen, as had been the
case in all previous experiments. Given the short
overall duration of the present experiment and the
results of Kinnell and Dennis (2011), which had
revealed that the encoding task does not alter the list
length effect finding, this did not seem problematic in
terms of the controls for the potential list length effect
confounds. This experiment used the retroactive experi-
mental design, with the first 20 items of the long list
included as targets at test. An additional 45 s of filler
activity followed the short list, in order to equate the
retention interval with that of the long list. All other
details were as in Experiments 2 and 3.

Table 6 The mean of median
response latencies (in
milliseconds) for fractals in
Experiment 3

Standard deviations appear in
parentheses.

Within-Subjects Analysis Between-Subjects Analysis

Short List Long List Short List Long List

Correct responses 1,018 (347) 1,226 (204) 1,011 (351) 1,256 (202)

Incorrect responses 980 (372) 1,253 (268) 975 (369) 1,194 (231)

Fig. 9 Examples of
photographs used as stimuli
in Experiment 4 (photographs)
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Results

Length × Order interaction A 2 × 2 repeated measures
ANOVAyielded a statistically significant interaction between
list length (short vs. long) and list order (long–short vs. short–
long), F(1, 38) = 20.83, p < .0001, ηp

2 = .35.

List length Figure 10 shows the effect of list length on d',
and Table 7 presents the hit and false alarm rate data. One-
way ANOVAs did not yield significant effects of list length
on recognition performance, as measured by d', in either the
within- or between-subjects analyses. The effect of list
length on the hit rate, F(1, 39) = 2.09, p = .16, and the false
alarm rate was also nonsignificant. Despite the nonsignifi-
cance of these results, the means for d' and the hit rate were
in the direction opposite the traditional notion of the list
length effect, with long-list performance superior to that of
the short list in this case.

Response latency There was no significant effect of list
length on the median response latencies for correct
responses [within: F(1, 39) = 2.20, p = .15] or incorrect
responses [within: F(1, 35) = 2.56, p = .12], as revealed by
one-way repeated measures ANOVAs on both the within-
and between-subjects data; see Table 8.

Discussion

Following the pilot study, in which performance was at
ceiling, the reduced presentation time of the photographic
stimuli in Experiment 4 successfully brought about deteri-
oration in recognition performance. No significant effect of
list length was identified in this experiment in either the
accuracy or the response latency data, and regardless of
whether the design and analyses were within or between
subjects.

Contrary to results for the images of faces and fractals
that were the stimuli in the previous two experiments, the
photographic images in the present experiment were
straightforward to describe and to name. There was no
overlap in the scenes depicted in the photographs, and these
could be described in most cases using just one word—for
example, “library,” “beach,” or “classroom.” In this way,
the photographs of scenes were similar to words, which
might explain why the list length findings for the two
classes of stimuli follow the same pattern. In addition, the
false alarm rate in the present experiment was similar to
those for the word stimuli in Experiment 1 and in Kinnell
and Dennis’s (2011) experiments, and lower than the false
alarm rates when faces and fractals were the stimuli. This
finding suggests that, despite the photographs technically
being nonverbal stimuli, like faces and fractals, they behave
as if they were verbal, suggesting that participants might
have been basing their decisions on the verbal labels given
to the photographs (Greene, 2004; Whittlesea & Williams,
2000; but see Xu & Malmberg, 2007). On this basis, it
seems reasonable to suggest that if all study items and
distractors shared the same verbal label—that is, different
scenes that could also be labelled, for example, a “beach”—
then a list length effect would result. If all of the items were
images of beaches, one would presumably have to encode
the stimuli, as with faces and fractals, by a lengthy
description, which might lead to greater overlap in the
representations and a list length effect.

General discussion

In an attempt to identify and define the boundary conditions
of the list length effect, a series of four experiments was
conducted, each involving recognition testing of a different
stimulus: word pairs, faces, fractals, and photographs of
scenes. Controls for the potentially confounding effects of
retention interval, attention, displaced rehearsal, and con-
textual reinstatement were implemented in each case, with
the method generally following that of several previous
studies (e.g., Cary & Reder, 2003; Dennis & Humphreys,
2001; Dennis et al., 2008, Kinnell & Dennis, 2011). The
results varied across experiments. Regardless of whether
the within- or between-subjects data were analysed, no

Fig. 10 Mean d' values for short and long lists in Experiment 4
(photographs of scenes). Bars represent 95% confidence intervals
(within-subjects analysis)

Table 7 Mean hit and false alarm rates for the short and long lists in
Experiment 4 (photographs of scenes)

Hit Rate False Alarm Rate

Short list .80 (.16) .10 (.12)

Long list .84 (.14) .10 (.12)

Standard deviations appear in parentheses.
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significant effect of list length was identified on recognition
performance for word pairs or photographs of scenes in
either the accuracy or response latency data. There was a
significant list length effect on recognition performance for
faces based on the accuracy data in the within-subjects
analysis, with the effect being marginally significant in the
between-subjects analysis. The within-subjects analysis of
response latency data for fractals showed a statistically
significant effect of list length that was absent in the
accuracy analysis. However, the between-subjects analysis
of the fractal data revealed significant effects of list length
on both d' and response latency.

The effect sizes for word pairs (ηp
2 = .03 within subjects,

ηp
2 = .01 between subjects) and photographs (ηp

2 = .02
within subjects, ηp

2 = .01 between subjects) were very
small. The effect sizes for the faces (mean ηp

2 = .14 within
subjects, .08 between subjects) and fractals (mean ηp

2 = .04
within subjects, .16 between subjects) stimuli were larger.
See Fig. 11. However, all of these effect sizes are small,
especially when we consider that they are based on a
fourfold increase in list length. If item noise played a

substantial role in recognition memory, a larger effect would
be expected, given the four-times increase in interference.

One explanation for the different results for the various
stimuli used is the difference in the ease with which the
stimuli could be named or labelled, which may also be
related to the similarity of the stimulus items to others of
the same class. Words are themselves unique labels as
stimuli, and the photographic images, while complex, could
be easily and uniquely described with a single word and
thus might have been coded as verbal stimuli. This ease of
labelling reduces the similarity within this type of stimuli.
Labelling appears to have been more difficult for the
nonverbal face and fractal stimuli in which there was
necessarily more overlap in feature descriptions and greater
similarity within the stimulus class. Thus, the more of these
items that were on the study list, the more problematic it
became for the participant to create unique labels for the items.
This was reflected in the false alarm rates, which were higher
for faces and fractals than for the other stimuli, consistent with
the suggestions of Greene (2004) and Whittlesea and
Williams (2000; but see Xu and Malmberg, 2007). It might
be that the different types of stimuli lie on a continuum, from
the nonverbal faces and fractals, through photographs of
scenes, to words, which are effectively verbal stimuli.

Another possibility is that the critical dimension of
difference between the stimuli was the density of the space in
which they were encoded, regardless of how that came about.
For instance, words may be more sparsely encoded because
they are experienced frequently, as proposed by Xu and
Malmberg (2007). But pictures may be more sparsely encoded
because they are richer, more meaningful stimuli, rather than
because they are more readily coded verbally. Faces and
fractals, on the other hand, vary on only a small number of
dimensions, and so may overlap to a greater degree.

Implications for memory models

The results of the four experiments presented in this article
have consequences for mathematical models of recognition
memory and for the item and context noise approaches to
interference. The item noise approach posits that interfer-
ence is generated by the other items that make up the study
list (Criss & Shiffrin, 2004a). In contrast, in the context
noise approach, the previous contexts in which an item has
been seen are the source of interference (Dennis &

Fig. 11 The partial eta-squared effect sizes for each of the experi-
ments in this article. Effect sizes from the within-subjects analyses are
presented on the left, and those from the between-subjects analysis are
presented on the right. Negative values indicate a situation in which
long-list performance was superior to short-list performance

Table 8 The mean of median
response latencies (in
milliseconds) for photographs of
scenes in Experiment 4

Standard deviations appear in
parentheses.

Within-Subjects Analysis Between-Subjects Analysis

Short List Long List Short List Long List

Correct responses 1,099 (146) 1,124 (138) 1,103 (183) 1,134 (137)

Incorrect responses 1,299 (484) 1,426 (457) 1,464 (625) 1,385 (329)
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Humphreys, 2001). Alternatively, interference may arise
both from other list items and from previous contexts (Cary
& Reder, 2003; Criss & Shiffrin, 2004a). Item noise models
predict a significant effect of list length, but context noise
models do not.

The existence of list length effects in recognition memory
for fractals and faces implies that one cannot maintain a strict
context noise position across all stimulus classes. Item noise
does seem to play some role, although the effects are small
and not always present. This conclusion was perhaps
inevitable. The strict version of the context noise approach
relies on the notions that stimuli are effectively coded as local
representations and that, at test, one is able to reactivate each
representation unerringly. In the limit as stimuli become
increasingly similar, this property must break down.

What is surprising in the context of existing models of
recognition memory is how similar stimuli must be in order
for item interference to become detectable. Global-
matching models (Gillund & Shiffrin, 1984; Hintzman,
1984; Humphreys, Bain, & Pike, 1989; Murdock, 1982;
Shiffrin & Steyvers, 1997) have relied on the similarity of
item representations to explain why lures drawn from the
same categories as items on the study list show high false
alarm rates (Clark & Gronlund, 1996; Shiffrin, Huber, &
Marinelli, 1995). For such stimuli as faces and fractals, this
may be the case. However, for words, word pairs, and
photographs of scenes, it seems that the degree of overlap
of item representations is very small, perhaps too small to
generate the large increases in false alarms that are
observed. Instead, it may be necessary to assume that
people make use of a separate representation of the
categories that appear on the list. Participants may not
study each item in isolation. Rather, they may form a notion
of what kinds of items are on the study list and use this in
their recognition decisions, in which case one would expect
to see category-based list length effects (as Criss & Shiffrin,
2004a, did for faces). Indeed, such a conclusion would be
necessary to account for the inverse list length results reported
by Dennis and Chapman (2010; see Maguire, Humphreys,
Dennis, & Lee, 2010, for a similar conclusion).

The original global-matching models for recognition
(Gillund & Shiffrin, 1984; Hintzman, 1984; Humphreys et
al., 1989; Murdock, 1982) were abandoned because they
predicted that there should be a list strength effect such that
strengthening some items on a list would compromise
performance on the other items. With words, a null list
strength effect is observed (Ratcliff, Clark, & Shiffrin,
1990). However, with faces, a small list strength effect is
found (Norman, Tepe, Nyhus, & Curran, 2008). The
amount of interference that is predicted by the global-
matching models depends on the degree of overlap of the
item representations. The difficulty that the global-matching
models face, then, is not necessarily structural, but rather a

matter of parameterisation. If one is prepared to assume that
for words, word pairs, and photographs of scenes the
overlap between items is sufficiently small as to be
negligible, but for faces and fractals this is not the case,
one could capture the list strength and list length effects and
how they change as a function of stimulus class.

While words typically show a low-frequency advantage
(Glanzer & Adams, 1985), in Experiment 1 we found a high-
frequency advantage for word pairs. This result is difficult
for models, such as the Retrieving Effectively from Memory
model (REM; Shiffrin & Steyvers, 1997), that propose that
the typical low-frequency advantage derives from the
discriminability of item features. In particular, if one models
a word pair as the concatenation of vectors representing the
individual words, then one would predict no effect.

Dennis and Humphreys (2001) proposed that recognition
memory was primarily a context noise process and that this
was the primary reason for the typical word frequency
effect. The context noise approach suggests that while
single words will typically have been seen many times
before, unrelated word pairs like those employed in this
study are unlikely to have been seen as units in many
previous contexts, and therefore will not be subject to
context noise. Consequently, there should be no effect. As
such, the context noise approach also provides no insight
into why there might be a high-frequency advantage.

It has been proposed that associative recognition
involves a cued-recall component (Clark et al., 1993; Nobel
& Huber, 1993). Participants could use one word to recall
its partner on the list, and compare the recalled item to the
other item of the test pair. Cued recall shows a high-
frequency advantage, so one might suggest that the high-
frequency advantage in associative recognition is a conse-
quence of the underlying cued-recall process. However, this
is unlikely, as cued recall is subject to list length effects (e.g.,
Tulving & Pearlstone, 1966), so if it were an integral part of
associative recognition we should have observed a list length
effect (though cued recall may be subject to the same
influence from confounds as recognition memory). Rather,
what the data here suggest is that the formation of a word
pair representation, or the ability to re-form the same
representation at test, is superior for high-frequency words.

Conclusions

The majority of experiments on recognition memory have
involved words, and almost all of the work on list length
effects in recognition has used word stimuli. Words are
semantically rich, well learned, and typically have been
seen in many previous contexts. Previous failures to find
list length effects thus might have been a consequence of
the choice of words as stimuli.
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The present work shows that this is only partially true.
Fractals and faces do show small list length effects.
However, word pairs and photographs of scenes do not
show significant effects. The pattern of results suggests that
item interference can play a role in episodic recognition, but
that this role is minor and confined to items that are quite
similar to each other.
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