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Abstract

A word's orthographic neighborhood is the set of words that differ from the target word by one letter. Both Roodenrys (2009)
and Robert et al. (Journal of Psycholinguistic Research, 44, 119-125, 2015) posit that orthographic neighbors are activated
when the target word is encountered in tasks such as simple and complex span. The two accounts differ in that the former
predicts a beneficial effect of this activation, because it produces feedback activation that helps redintegrate the target word,
whereas the latter predicts a detrimental effect, because the need to overcome the greater interference from the larger number
of higher-frequency items reduces the processing resources available. Four experiments assess the predictions of these two
accounts. Experiments 1 and 2 found a beneficial effect of having a higher- compared with a lower-frequency neighborhood
in both a simple and a complex span task. Experiments 3 and 4 found no detrimental effect of having one or more neighbors
with higher frequency than the target in both a simple and complex span task. Implications for the two theories are discussed.
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Introduction

In 1887, Jacobs defined the term span as the highest number
of words that could be correctly reproduced immediately.
Researchers quickly established that this simple span meas-
ure was affected by various lexical and long-term memory
factors (for an early review, see Blankenship, 1938). Follow-
ing the formulation of Baddeley and Hitch's (1974) working
memory, complex span tasks were developed to assess the
capacity of working memory. Whereas simple span tasks,
such as that of Jacobs, emphasize storage, complex span
tasks were designed to also require "the simultaneous pro-
cessing of additional information” (Conway et al., 2005, p.
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771). In this paper, we assess two competing predictions of
whether orthographic neighborhood frequency affects per-
formance on these two tasks.

One widely used definition of an orthographic neighbor
is a word that differs from the target by a single letter (Colt-
heart et al., 1977). For example, orthographic neighbors of
cat include bat, cot, and cap. Other definitions allow for
the addition or subtraction of letters. For example, Yarkoni
et al. (2008) proposed a measure called orthographic Lev-
enshtein distance (OLD), which is based on the number of
edits required to transform one word to another. A word's
orthographic neighborhood is the set of these neighbors. On
tests of immediate serial recall, lists of words with a large
orthographic neighborhood are better recalled than other-
wise comparable lists of words with a small neighborhood
(e.g., Allen & Hulme, 2006; Guitard et al., 202421).l

One explanation of this beneficial effect of neighbor-
hood size is Roodenrys’ (2009) redintegration framework.
According to this account, the degraded list items can serve
as input to an interactive activation network. The ortho-
graphic neighbors of each list item are partially activated,

! This neighborhood size effect is also observed on other memory
tests, including simple span (Roodenrys et al., 2002), reconstruc-
tion of order (Jalbert et al., 2011a, b), and serial recognition (Guitard
et al., 2024b).
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so words with more neighbors will partially activate more
items than words with fewer neighbors. The activation from
the neighbors feeds back to the list item and so items with
more neighbors receive more feedback than items with fewer
neighbors, which aids with subsequent redintegration.

In addition to examining the size of an orthographic
neighborhood, one can also look at the frequency of the
words that comprise the neighborhood. One can compute
the mean frequency of the orthographic neighborhood as a
whole and distinguish between higher-frequency neighbor-
hoods and lower-frequency neighborhoods. One can also
look at individual orthographic neighbors and assess their
frequency relative to the target. For example, according to
the Brysbaert and New (2009) norms, cap, an orthographic
neighbor of cat, has a lower frequency than cat, but can,
another orthographic neighbor of cat, has a higher frequency
than cat.

Although initially expressed in terms of number of neigh-
bors, the redintegration account can also accommodate the
effects of the frequency of the neighbors given the assump-
tion that higher-frequency neighbors receive more partial
activation than lower-frequency neighbors. Other things
being equal, there should be more activation feedback from
words with higher-frequency neighborhoods than words
with lower-frequency neighborhoods, and more feedback
aids redintegration.

However, Robert et al. (2015) reported results that are
potentially problematic for this view. Rather than manipu-
lating the frequency of the orthographic neighborhood, they
manipulated whether the to-be-remembered words had any
neighbors that were higher in frequency than the target word.
In the none condition, all of the orthographic neighbors were
of lower frequency than the target word. In the some condi-
tion, each target word had at least one orthographic neighbor
that was of higher frequency than the target. Subjects heard
two to five sentences and then were asked to recall the last
word in each sentence. When subjects were shown a series
of two to four sentences, there was no difference in perfor-
mance between the some and the none conditions. How-
ever, when subjects were shown a series of five sentences,
recall performance was significantly better for words with
no higher-frequency neighbors than for words that had some
higher-frequency neighbors.

Robert et al. (2015) suggested that having neighbors that
are higher in frequency than the target reduces recall because
it leads to more interference. Specifically, like Rooden-
rys (2009), they assumed that orthographic neighbors are
co-activated. However, whereas Roodenrys posited that
this activation of neighbors would benefit the target word
because it produces more feedback activation that converges
on the target word, Robert et al. suggested that this activa-
tion of neighbors would harm the target word because the
need to overcome the greater interference from the larger
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number of higher-frequency items would reduce the pro-
cessing resources available. Consistent with this view, they
noted that the detrimental effect of having orthographic
neighbors that were higher in frequency than the target was
seen only on the hardest complex span task where process-
ing resources would be most taxed.

The work showing a beneficial effect of orthographic
neighborhood frequency is not necessarily incompatible
with the work showing a detrimental effect of having ortho-
graphic neighbors that are higher in frequency than the target
word. However, the two explanations do seem somewhat at
odds. One set of results has led to the suggestion, follow-
ing Roodenrys (2009), that the co-activation of neighbors
helps recall because their activation feeds back to the target.
Specifically, to the extent that higher-frequency words have
more activation, this view predicts a beneficial effect of hav-
ing a higher-frequency neighborhood. In contrast, the other
set of results has been interpreted as showing that the co-
activation of neighbors hurts recall because their activation
reduces processing resources (Robert et al., 2015). Specifi-
cally, if the orthographic neighborhood contains words that
are higher in frequency than the target, recall of the target
will be worse: Higher-frequency words have more activation
and this leads to a depletion of processing resources, which
in turn interferes with recall. The four experiments reported
here were designed to explore these different accounts.

Experiments 1 and 2 manipulated orthographic neigh-
borhood frequency, the mean frequency of all orthographic
neighbors of the target word. On the assumption that higher-
frequency words are more activated than lower-frequency
words, Roodenrys’ (2009) account predicts a memory
advantage for words with higher-frequency neighborhoods
because there should be more activation feedback to the tar-
get, which helps with redintegration. In contrast, the impair-
ment account of Robert et al. (2015) predicts the opposite on
the grounds that higher-frequency neighbors take up more
processing resources. The two experiments differ only in
the type of test, immediate serial recall (Experiment 1) and
operation span (Experiment 2).

Experiments 3 and 4 controlled for orthographic neigh-
borhood frequency but manipulated whether the target
word had any orthographic neighbors that were higher in
frequency than the target, the same manipulation as Robert
et al. (2015). Half of the lists used words that had at least
one orthographic neighbor of higher frequency than the
target word whereas the other half used words with no
higher-frequency neighbors. Because we controlled for
both the number of orthographic neighbors as well as the
mean frequency of the orthographic neighborhood, Rood-
enrys’ account predicts no difference in memory perfor-
mance: It does not matter that in the some condition, some
of the orthographic neighbors are higher in frequency
than the target. What determines performance is the mean
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frequency of the orthographic neighborhood as a whole
and given these are equated, words in both conditions will
receive similar levels of feedback activation. In contrast,
the Robert et al. account predicts worse memory for words
with higher-frequency neighbors because the activation of
these words will reduce available processing resources.

Experiment 1

The purpose of Experiment 1 was to determine whether
a beneficial orthographic neighborhood frequency effect
could be observed with standard serial recall when the size
of the neighborhood is held constant.

Ethics

The research was approved by Memorial University's
Interdisciplinary Committee on Ethics in Human Research.

Sample size

We used Bayes factor design analysis (BFDA; Schon-
brodt & Wagenmakers, 2018) to estimate a sample size
that would be likely to provide informative Bayes fac-
tors and unlikely to result in inconclusive Bayes factors
using the BFDA package (Schonbrodt & Stefan, 2019).
The two most critical statistical tests will be within-sub-
jects Bayesian #-tests comparing recall of two types of
words at the longest-length complex span task (i.e., high
and low neighborhood frequency words in Experiment 2,
and words with some or no higher-frequency neighbors in
Experiment 4). We used an effect size of d = 0.5 for the
alternative hypothesis and an effect size of d = 0.0 for the
null hypothesis. The decision boundary was set at BF >
3.0 for each hypothesis, and 10,000 simulations were con-
ducted using a non-directional Bayesian within-subjects ¢
test with default priors. For the alternative hypothesis, the
simulations indicated that with 50 subjects 82.2% of the
samples indicated evidence for the alternative hypothesis
(BF > 3), only 16.6% were inconclusive (0.333 < BF < 3),
and 1.2% indicated evidence for the null hypothesis (BF <
0.333). For the null hypothesis, simulations indicated that
80.0% of the samples showed evidence for the null hypoth-
esis (BF < 0.333); only 18.8% were inconclusive (0.333
< BF < 3), and 1.2% showed evidence for the alternative
hypothesis (BF > 3). A sample size of 50, then, should be
able to detect evidence for either an effect of neighborhood
frequency or a null result, and should be unlikely to result
in inconclusive evidence.

Subjects

Fifty volunteers from Prolific were paid £8.00 per hour (pro-
rated) for their participation. The inclusion criteria were: (1)
native speaker of English; (2) age between 19 and 39 years;
and (3) at least a 90% approval rating on prior participation.
The mean age was 27.64 (SD = 6.11, range 19-39) years and
32 self-identified as female and 18 as male.

Stimuli

The stimuli were 75 words that had high-frequency neigh-
bors and 75 words that had low-frequency neighbors. These
nouns were equated on a number of dimensions including
number of orthographic neighbors (Coltheart et al., 1977)
and both orthographic and phonological Levenshtein dis-
tance (Yarkoni et al., 2008). There was no overlap in the
frequency of the neighbors on any of three measures:
(1) CELEX frequency of orthographic neighbors, low =
0.24-25.89 and high = 30.88-1,486.19; (2) frequency of
neighbors based on orthographic Levenshtein distance,
6.71-8.59 versus 8.60-10.16; and (3) frequency of neigh-
bors based on phonological Levenshtein distance, 7.10-8.64
versus 8.65-10.66; see the Appendix in the Online Supple-
mental Material for details. We note, however, that we could
not equate the words for the number of neighbors that were
higher in frequency than the target word. The low neighbor-
hood frequency words had a mean of 2.85 higher-frequency
neighbors compared to 5.32 for the high neighborhood fre-
quency words, #(148) = 4.761, p < 0.001. According to the
processing resource reduction account, this should work
against recall of the high neighborhood frequency words and
therefore against finding a neighborhood frequency effect.

Procedure

After consenting to participate, the subjects were reminded
of the instructions. They saw a list of six words, shown one
at a time for 1 s in the center of the display in 28-point Hel-
vetica font. They were asked to read these words silently.
Immediately after the last item disappeared, the subjects
were prompted to type in the first word, then the second
word, and so on. Subjects were encouraged to guess or they
could click on a button labelled “skip.” There was no time
limit on the recall period. After six responses had been
made, the subject could click on a “Start Next Trial” button
when ready.

There were 20 trials, half with low and half with high
neighborhood frequency words. For each subject, the words
for the up-coming trial were randomly selected without
replacement from the appropriate pool and then randomly
ordered. The order of the trials was randomly determined
for each subject.
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Fig. 1 Proportion of words correctly recalled as a function of whether
the word has a high- or low-frequency neighborhood in Experiment 1,
when the task was serial recall (left panel), and Experiment 2, when

Data analysis

The data were analyzed using JASP (JASP Team, 2023). For
the Bayesian repeated-measures ANOVA, we report either a
Bayes factor, BF,, that indicates evidence for the alternative
hypothesis or a Bayes factor, BF,, that indicates evidence
for the null hypothesis. We interpret a value between 3 and
10 as indicating substantial evidence; a value between 10
and 30 indicating strong evidence; a value between 30 and
100 indicating very strong evidence; and a value greater
than 100 indicating decisive evidence (Wetzels et al., 2011).
Main-effect models were evaluated with respect to a ran-
dom-effects error model, and interaction models were evalu-
ated with respect to a main-effects model.

Results and discussion

The proportion of words correctly recalled in order was
analyzed by a 2 word type (high vs. low neighborhood fre-
quency) X 6 serial position repeated-measures Bayesian
ANOVA.? As can be seen in the left panel of Fig. 1, the
proportion of high neighborhood frequency words recalled

2 The responses were first checked for spelling and typing errors.
Out of 3,000 responses, 16 high neighborhood frequency words
were flagged as misspelled compared to 28 low neighborhood fre-
quency words. Correcting these words changed seven high frequency
responses to correct and 13 low frequency responses to correct.
Because the statistical results do not change, we report only analyses
of the uncorrected data.
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the task was operation span (right panel). Error bars show the stand-
ard error of the mean

(M = 0.575, SD = 0.161) was greater than the proportion
of low neighborhood frequency words recalled (M = 0.511,
SD =0.185), BF,, =9.616, d = 0.545. There was the usual
effect of serial position, BF,; = 1.47 X 107%, and no interac-
tion, BF,, = 11.785.

The pattern of results was the same when the data were
scored without regard to order; that is, a word was counted
as correctly recalled regardless of the position in which it
was recalled. The proportion of high neighborhood fre-
quency words recalled (M = 0.660, SD = 0.138) was greater
than the proportion of low neighborhood frequency words
recalled (M = 0.593, SD = 0.165), BF,, = 191.376, d =
0.622. There was the usual effect of serial position, BF,, =
1.79 x 10% and no interaction, BF,, =61.455.

Words with high neighborhood frequency were better
recalled on an immediate serial recall test than words with
low neighborhood frequency. The results are consistent with
the prediction of Roodenrys' (2009) redintegration frame-
work that orthographic neighbors are partially activated by
the list items and feedback from these neighbors can facili-
tate subsequent redintegration. If the mean frequency of
the neighborhood is higher, there is more partial activation
of the neighbors and thus more feedback activation, which
benefits redintegration. The results are seemingly incompat-
ible with the view that high frequency neighbors deplete
processing resources and thereby have a detrimental effect
on recall. However, it may be the case that a more demand-
ing task is needed. Therefore, Experiment 2 used operation
span, a common complex span task, rather the immediate
serial recall because complex span tasks are generally seen
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as requiring more processing resources than simple span
tasks (e.g., Conway et al., 2005).

Experiment 2

The purpose of Experiment 2 was to determine whether the
orthographic neighborhood frequency effect observed with
serial recall in Experiment 1 would also be observed in a
complex span task. We used an operation span task rather
than the sentence span task used by Robert et al. (2015) for
two reasons. First, performance on the math task can be
easily measured to ensure that subjects are not just focusing
on the words, and second, the only words processed in an
operation span task (other than mathematical terms) are the
to-be-remembered words, removing a potential source of
interference.

Subjects

Fifty different volunteers from Prolific were paid £8.00 per
hour (prorated) for their participation. The mean age was
27.64 (SD = 5.71, range 19-38) years and 38 subjects self-
identified as female and 12 as male.

Stimuli
The stimuli were the same as in Experiment 1.
Procedure

After consenting to participate, the subjects were reminded
of the instructions. They first saw a simple math question,
such as “Is (6 + 2) + 1 =47?” which they were asked to read
out loud (i.e., “Is six divided by two plus one equal to four™)
and then click on one of two buttons labelled “Yes” and
“No” to indicate the answer. They then saw a word. Math
problems alternated with words until the desired list length
had been reached. Then, the same serial recall instructions
as in Experiment 1 were given.

The first two trials were practice and had a list length of
2. One trial had low neighborhood frequency words and the
other had high neighborhood frequency words. These trials
were not included in the analysis. There then followed 20
experimental trials. There were four trials each of list length
2,3,4,5, and 6. Of the four trials at each list length, half
had low neighborhood frequency words and half had high
neighborhood frequency words. The words used on each trial
and the order of the 20 experimental trials were randomly
determined for each subject.

Results and discussion

There was no difference in the proportion of math questions
answered correctly on high neighborhood frequency trials,
0.918 (SD = 0.050), compared to low neighborhood fre-
quency trials, 0.920 (SD = 0.047), BF,; =5.952,d = 0.061.

Memory performance was measured in three ways. The
OSPAN measure is defined as the sum of list lengths cor-
rectly recalled. For example, if all five words from a list
length five trial are correctly recalled in order, then five is
added to the OSPAN score. If four words from a list length
five trial are correctly recalled in order, but one word is not
recalled, then nothing is added to the OSPAN score. OSPAN
was higher for high neighborhood frequency trials than low
neighborhood frequency trials, 21.86 (SD = 10.09) versus
19.42 (SD = 9.39), BF, = 7.109, d = 0.418.}

The proportion of words correctly recalled in order was
analyzed by a 2 neighborhood frequency X 5 list length
repeated measures Bayesian ANOVA. As can be seen in the
right panel of Fig. 1, more words were correctly recalled
from high neighborhood frequency trials (M = 0.843, SD =
0.118) than low neighborhood frequency trials (M = 0.795,
SD = 0.148), BF,, = 8.711, d = 0.617. There was a main
effect of list length, BF;; = 3.21 X 10?2, with performance
decreasing as the list length increased, but no interaction,
BF,, = 15.937. When just the data from list length six are
considered, there is still a difference: The proportion of
words correctly recalled on high neighborhood frequency
trials (M = 0.713, SD = 0.232) was higher than for low
neighborhood frequency trials (M = 0.622, SD = 0.221),
BF,, =8.000, d = 0.425.

The pattern of results was the same when the data were
scored without regard to order: More words were correctly
recalled from high neighborhood frequency trials (M =
0.877, SD = 0.097) than low neighborhood frequency tri-
als (M = 0.838, SD = 0.117), BF,, = 6.181, d = 0.572.
There was a main effect of list length, BF,; = 1.59 X 10'8,
with performance decreasing as the list length increased,
but no interaction, BF; = 6.209. When just the data from
list length six are considered, there is still a difference: The
proportion of words correctly recalled on high neighborhood
frequency trials (M = 0.778, SD = 0.192) was higher than
for low neighborhood frequency trials (M = 0.690, SD =
0.205), BF,, =44.687, d = 0.518.

3 The responses were first checked for spelling and typing errors.
Out of 4,000 responses, ten high neighborhood frequency words were
flagged as misspelled compared to 14 low neighborhood frequency
words. Correcting these words changed six high neighborhood fre-
quency responses to correct and eight low neighborhood frequency
responses to correct. Because the statistical results do not change, we
report only analyses of the uncorrected data.
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Experiment 2 found the same results as Experiment 1
despite the change to a more demanding complex span
task: Words with high neighborhood frequency were better
recalled than words with low neighborhood frequency. As
with Experiment 1, the results are consistent with Rooden-
rys’ (2009) redintegration account and appear problematic
for the processing resource account of Robert et al. (2015).

Even though the results of Experiments 1 and 2 confirm
a strong prediction of the interactive activation account of
Roodenrys (2009), it might be objected that it is not the most
appropriate test of the resource depletion account of Robert
et al. (2015). The reason is that the latter researchers focused
on whether the orthographic neighborhood contained some
words that were higher in frequency than the target (the
some) condition or contained no words that were higher in
frequency than the target (the none) condition. If this manip-
ulation is done while holding orthographic neighborhood
size and frequency constant, the two accounts make different
predictions. Because neighborhood size and neighborhood
frequency are controlled, Roodenrys’ (2009) account pre-
dicts no difference. On average, both the some and none lists
will receive the same amount of feedback activation because
both are equated for neighborhood frequency. In contrast, the
resource depletion account of Robert et al. (2015) predicts
worse performance for the some condition because the pres-
ence of orthographic neighbors that are higher in frequency
than the target will reduce processing resources. Therefore,
Experiments 3 and 4 parallel Experiments 1 and 2 except
they compare recall of words that have some orthographic
neighbors that are higher in frequency than the target word
(called the some condition) to words that have no ortho-
graphic neighbors that are higher in frequency than the target
word (called the none condition).

Experiment 3

A new set of stimuli were created that differed in the same
way as those used by Robert et al. (2015). In the some condi-
tion, each target word had at least one orthographic neighbor
that was higher in frequency than the target word whereas
in the none condition, no target word had any orthographic
neighbors that were higher in frequency. For both types of
list, the size and frequency of the orthographic neighbor-
hoods was equated.

Subjects
Fifty different volunteers from Prolific participated. The

mean age was 27.68 (SD = 6.21, range 19-39) years and 29
subjects self-identified as female and 21 as male.
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Stimuli

The stimuli were 63 words that had at least one higher-
frequency orthographic neighbor (M = 1.52) and 63 words
that did not have any higher-frequency orthographic neigh-
bors (M = 0.00), as defined by Coltheart et al. (1977). The
two sets of words were equated on a number of dimensions
including number of orthographic neighbors (Coltheart’s N)
and both orthographic and phonological Levenshtein dis-
tance and frequency (Yarkoni et al., 2008); see the Appendix
(Online Supplemental Material) for details.

Procedure
The procedure was identical to that of Experiment 1.
Results and discussion

The proportion of words correctly recalled in order was
analyzed by a 2 word type (no vs. some higher-frequency
neighbors) X 6 serial position repeated-measures Bayesian
ANOVA.* As can be seen in the left panel of Fig. 2, there
was no effect of whether a word had orthographic neigh-
bors that were higher in frequency or not. The proportion of
words correctly recalled in the none condition (M = 0.638,
SD = 0.173) did not differ from that of the some condition
(M =0.632, SD = 0.171), BF,;; = 7.246, d = 0.076. There
was the usual effect of serial position, BF;; = 1.91 X 10%
and no interaction, BF;; = 89.906.

The pattern of results was the same when the data
were scored without regard to order: there was no effect
of whether a word had orthographic neighbors that were
higher in frequency or not. The proportion of words cor-
rectly recalled in the none condition (M = 0.715, SD =
0.135) did not differ from that of the some condition (M =
0.702, SD = 0.147), BF; = 5.102, d = 0.198. There was the
usual effect of serial position, BF,, = 1.18 x 10°® and no
interaction, BF,;; = 21.549.

Experiment 3 found no evidence that whether a word has
or does not have an orthographic neighbor that is higher in
frequency affects performance on immediate serial recall.
However, it might be objected that the detrimental effect
observed by Robert et al. (2015) appeared only under the
most demanding condition, a list length five of a complex
span task. Therefore, Experiment 4 changed to a complex
span task and the longest list length was six. Whereas a

* The responses were first checked for spelling and typing errors.
Out of 3,000 responses, 26 of the words in the none condition were
flagged as misspelled compared to 31 words in the some condition.
Correcting these words changed 16 and 14 responses to correct,
respectively. Because the statistical results do not change, we report
only analyses of the uncorrected data.
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the word has no neighbors with a higher frequency (none) or has
neighbors with higher frequency (some) in Experiment 3, when the

detrimental effect of having higher-frequency neighbors may
not be apparent on the shorter list lengths, it should appear
on list lengths five and six.

Experiment 4

Experiment 3 found no evidence that serial recall is affected
by whether a word has an orthographic neighbor that is
higher in frequency than the target word. This null result
differs from that of Robert et al. (2015) but one prominent
difference is that Experiment 3 used a simple span task
whereas Robert et al. used a complex span task. The pur-
pose of Experiment 4, then, was to use the same stimuli
as in Experiment 3 but with a complex span task. As in
Experiment 2, we used an operation span task rather than
the word span task used by Robert et al. (2015) to minimize
interference: In the former task, the only words (other than
mathematical terms) are the to-be-remembered items.

Subjects

Fifty different volunteers from Prolific were paid £8.00 per
hour (prorated) for their participation. The mean age was
29.72 (SD = 6.24, range 20-39) years and 33 subjects self-
identified as female, 16 self-identified as male, and one self-
identified as other.

task was serial recall (left panel), and Experiment 4, when the task
was operation span (right panel). Error bars show the standard error
of the mean

Stimuli

The stimuli were the same as in Experiment 3.
Procedure

The procedure was the same as in Experiment 2.
Results

There was no difference in the proportion of math questions
answered correctly on trials with words from the none con-
dition, 0.938 (SD = 0.045), compared to trials with words
from the some condition, 0.934 (SD = 0.046), BF,, = 5.556,
d =0.082.

We again score the data in three ways. OSPAN did not
differ, with mean OSPAN of 23.12 (SD = 8.38) for words in
the none condition compared to 22.46 (SD = 8.84) for words
in the some condition, BF,, = 4.926, d = 0.173.°

The proportion of words correctly recalled was analyzed
by a 2 word type (none vs. some higher-frequency neigh-
bors) X 5 list length repeated-measures Bayesian ANOVA.
As can be seen in the right panel of Fig. 2, there was no

> The responses were first checked for spelling and typing errors. Out
of 4,000 responses, ten words in the none condition were flagged as
misspelled compared to 18 words in the some condition. Correcting
these words changed seven responses to correct for the former and
eight responses to correct for the latter. Because the statistical results
do not change, we report only analyses of the uncorrected data.
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difference in recall between the none and some conditions.
The proportion of words correctly recalled in the none
condition (M = 0.852, SD = 0.119) did not differ from the
some condition (M = 0.839, SD = 0.126), BF;, = 5.208,
d = 0.173. There was a main effect of list length, BF,, =
4.29 x 10", with performance decreasing as the list length
increased, but no interaction, BF;; = 91.974. When just the
data from list length six are considered, there is still no dif-
ference: The proportion of words correctly recalled in the
none condition (M = 0.713, SD = 0.232) did not differ from
the some condition (M = 0.700, SD = 0.204), BF,,;, = 5.967,
d = 0.060.

The pattern of results was the same when the data were
scored without regard to order: there was no difference in
recall between the none and some conditions. The propor-
tion of words correctly recalled in the none condition (M =
0.887, SD = 0.090) did not differ from the some condition
(M =0.874, SD = 0.111), BF,; = 4.255, d = 0.186. There
was a main effect of list length, BF;, = 1.50 X 10'8, with
performance decreasing as the list length increased, but no
interaction, BF;; = 20.306. When just the data from list
length six are considered, there is still no difference: The
proportion of words correctly recalled in the none condition
(M =0.792, SD = 0.159) did not differ from the some con-
dition (M = 0.777, SD = 0.174), BF;; = 5.164, d = 0.099.

General discussion

Both Roodenrys (2009) and Robert et al. (2015) posit that
orthographic neighbors of a word are co-activated and both
also assume that higher-frequency neighbors produce more
feedback activation than lower-frequency neighbors. How-
ever, they differ in the consequence of this activation. In
Roodenrys' account, this activation of neighbors will ben-
efit the target word because each neighbor will produce
feedback activation that converges on the target word and
thereby enhances redintegration. In Robert et al.'s account,
on the other hand, this activation of neighbors will harm the
target word because the larger number of higher-frequency
items will reduce the availability of processing resources.
We evaluated the predictions of these two accounts using
two different sets of stimuli and two different manipulations.

In Experiments 1 (serial recall) and 2 (operation span),
the stimuli differed in orthographic neighborhood frequency
but were equated for number of orthographic neighbors. In
both experiments, the words with higher-frequency neigh-
borhoods were better recalled than words with lower-fre-
quency neighborhoods. According to Roodenrys' (2009)
view, this is because the neighbors were co-activated
and the feedback from these activated neighbors boosted
the target item. On the assumption that higher-frequency
neighbors are more activated, there should be a benefit for
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words with higher-frequency neighborhoods compared to
those with lower-frequency neighborhoods. According to
Robert et al. (2015), the more activated the neighbors, the
larger the reduction in available processing resources. There-
fore, words with higher-frequency neighborhoods are pre-
dicted to be recalled worse than words with low-frequency
neighborhoods.

In Experiments 3 (serial recall) and 4 (operation span),
different stimuli were used. In the some condition, the words
had some orthographic neighbors that were higher in fre-
quency than the target whereas in the none condition, the
words had no orthographic neighbors that were higher in
frequency than the target. There was no difference in recall
as a function of whether a word did or did not have neigh-
bors that were higher in frequency than the target. Accord-
ing to Roodenrys' (2009) account, there is no difference in
recall because the two sets of words were equated for neigh-
borhood frequency and therefore, on average, the words in
both conditions received the same assistance from activation
feedback. According to Robert et al. (2015), the words in the
some condition should have been recalled worse than those
in the none condition because the presence of neighbors that
were of higher frequency than the target should have reduced
the availability of processing resources.

There are a number of potential explanations for why
our results, particularly those of Experiment 4, differed
from those reported by Robert et al. (2015). First, Robert
et al. used a sentence span task in which interference from
the many non-target words might play a role. In contrast,
Experiment 4 used operation span to minimize the pos-
sibility of interference from other words. Although there
were some additional words in the operation span task — the
subjects were asked to read the mathematical operation out
loud — these extra words were easily distinguishable from
the to-be-remembered words (e.g., they were numbers or
mathematical terms) and should not have interfered. In the
sentence span task, it may be that it is the presence of the
other words that reduced processing capacity and drove the
effect rather than the nature of the to-be-remembered items.

A second possibility is that the operation span task we
used was not as demanding as the sentence span task Robert
et al. (2015) used. Robert et al. noted that a reduction in pro-
cessing resources will affect memory only when the task is
sufficiently demanding and in the shorter list lengths in their
own data they found no difference, the same result we found
at all list lengths. Although possible, we think this unlikely
for two reasons. First, the overall performance level on the
longest lists in Experiment 4 was similar to that of Robert
et al. (2015), suggesting the two tasks were roughly equally
difficult. Second, we used a list-length of six, one item more
than Robert et al.'s maximum list length of five.

A third possibility has to do with the stimuli used. First,
Robert et al. (2015) equated the words in the some and none
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conditions on only a few dimensions, including length (num-
ber of phonemes, number of letters, and number of syllables)
and frequency. As Table A2 (Online Supplemental Material)
shows, we equated our stimuli on many more dimensions. It
is possible that the words used by Robert et al. differed on
some dimension that we controlled for and it is that differ-
ence between conditions that drove their results. A second
difference in the stimuli is that Robert et al. had a slightly
larger manipulation than we did; in other words, our some
condition had fewer words that were higher in frequency
than the target. It may be the case that with a larger manipu-
lation we would have seen an effect. Finally, the stimuli in
the two studies may have differed in how the orthographic
neighbors deviate from the target word.® For example, in
visual word recognition, orthographic neighbors that differ
from a target by an interior letter are more interfering than
neighbors that differ by an initial or final letter (see, e.g.,
Perea, 1998). It may be the case that the same applies to
memory, in that neighbors that differ by an interior letter
are less disruptive than those that differ by an initial or end
letter. The suggestion, then, is that our stimuli may have had
more of former whereas the stimuli of Robert et al. (2015)
had more of the latter. Because of these differences, future
researchers should ensure that they equate their conditions
on at least as many dimensions as we did, have a manipula-
tion at least as large as that of Robert et al., and ensure that
the orthographic neighbors in the some and none conditions
have the same number of words differing by initial, interior,
and final letters. However, we note that even if these were
factors, they would not explain why the results of Experi-
ments 1 and 2 are contrary to the prediction of the resource
depletion account.

A fourth possibility may be due to sample size differ-
ences.” We used the Bayes Factor design analysis package
(Schonbrodt & Stefan, 2019) to estimate a sample size that
is likely to detect evidence for either an effect or a null result
and unlikely to result in an inconclusive Bayes factor. Our
sample size of 50 is double that of Robert et al. (2015). Their
design was thus less powerful, and indeed, their main effect
of neighborhood frequency was not significant (p = 0.21).

A final possibility may be due to language. Robert et al.
(2015) used French words and French-speaking subjects
whereas we used English words and English-speaking sub-
jects. Whereas feedback from high-frequency neighbors is
beneficial in the English working memory system, it may
be detrimental in non-English working memory systems.
This idea is consistent with results from the psycholinguis-
tic literature concerning neighborhood frequency. Andrews
(1997) provided an extensive review which revealed that

% We thank an anonymous reviewer for suggesting this possibility.

7 We thank an anonymous reviewer for suggesting this.

on a number of tasks such as lexical decision, neighbor-
hood frequency had different effects for English on the one
hand and languages such as French and Spanish on the other.
For the latter, there was a consistent finding of inhibitory
effects which was absent when English was used. One pos-
sible explanation for these language-based differences was
suggested by Sears et al. (2006). They noted that English
words are, on average, shorter than words in languages such
as French and Spanish. Short words have more orthographic
neighbors than long words, and short words are generally
of higher frequency than longer words. They noted that as
a result, English words will, on average, have more higher-
frequency neighbors. “This neighborhood structure for
English words (i.e., larger neighborhoods and many higher-
frequency neighbors) may necessitate a lexical processor
with weaker inhibitory connections than those in other lan-
guages” (Sears et al., 2006, p. 1059). While not all variables
that affect psycholinguistic tasks affect memory tasks in the
same way, the presence of neighborhood frequency differ-
ences as a function of language in lexical decision tasks
suggest it is not implausible that similar differences might
be observable in memory tasks. For example, if the lexical
processor does differ as a function of language, it would
resolve the discrepancy between the results of the current
paper and those of Robert et al. (2015).

Regardless of the reason for why the current results dif-
fer from those of Robert et al. (2015), they add to the large
body of previous work showing that working memory per-
formance is always contaminated by long-term memory/lin-
guistic factors, such as whether an item is a word or a non-
word (Hulme et al., 1991), is abstract or concrete (Walker
& Hulme, 1999), is of high or low frequency (Roodenrys &
Quinlan, 2000), is semantically related or unrelated (Neath
et al., 2022), or has a large or small orthographic (Allen
& Hulme, 2006) or phonological (Roodenrys et al., 2002)
neighborhood, to name only a few such factors.

Summary

The processing reduction account (Robert et al., 2015) pre-
dicts that having higher-frequency orthographic neighbors
will impair recall whereas the redintegration account (Rood-
enrys, 2009) predicts that having higher-frequency ortho-
graphic neighbors will facilitate recall. In Experiments 1
and 2, higher-frequency neighborhoods were associated with
better recall, not worse, in both a serial recall and complex
span task. In Experiments 3 and 4, there was no difference
in recall of words that had some higher-frequency neighbors
compared to those that had no higher-frequency neighbors
when the conditions were equated for neighborhood size
and frequency. This pattern of results is consistent with the
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redintegration account and poses a problem for the process-
ing reduction account.

Supplementary information The online version contains supplemen-
tary material available at https://doi.org/10.3758/s13421-024-01658-w.

Funding This research was supported, in part, by a grant from the
Natural Sciences and Engineering Research Council of Canada to IN.

Availability of data and materials The raw data and stimuli are avail-
able via the Open Science Framework at https://doi.org/10.17605/OSF.
I0/C2B7TW

Code availability Not applicable.

Declarations
Conflict of interest We have no conflicts of interest to report.

Ethics approval The research was approved by Memorial University's
Interdisciplinary Committee on Ethics in Human Research.

Consent to participate Consent to participate was obtained from all
subjects included in the study.

Consent to publish Consent to publish was obtained from all subjects
included in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Allen, R., & Hulme, C. (2006). Speech and language processing mech-
anisms in verbal serial recall. Journal of Memory and Language,
55(1), 64-88. https://doi.org/10.1016/j.jml1.2006.02.002

Andrews, S. (1997). The effect of orthographic similarity on lexical
retrieval: Resolving neighborhood conflicts. Psychonomic Bulletin
& Review, 4(4), 439-461. https://doi.org/10.3758/BF03214334

Baddeley, A. D., & Hitch, G. (1974). Working memory. In G. H. Bower
(Ed.), The psychology of learning and motivation (vol. 8, pp.
47-90). Academic Press.

Blankenship, A. B. (1938). Memory span: A review of the literature.
Psychological Bulletin, 35(1), 1-25. https://doi.org/10.1037/
h0061086

Brysbaert, M., & New, B. (2009). Moving beyond Kucera and Fran-
cis: A critical evaluation of current word frequency norms and
the introduction of a new and improved word frequency measure
for American English. Behavior Research Methods, 41, 977-900.
https://doi.org/10.3758/BRM.41.4.977

@ Springer

Coltheart, M., Davelaar, E., Jonasson, J. T., & Besner, D. (1977).
Access to the internal lexicon. In S. Dornic (Ed.), Attention and
performance VI (pp. 535-555). Erlbaum.

Conway, A. R. A., Kane, M. J., Bunting, M. F., Hambrick, D. Z., Wil-
helm, O., & Engle, R. W. (2005). Working memory span tasks:
A methodological review and user’s guide. Psychonomic Bulletin
& Review, 12(5), 769-786. https://doi.org/10.3758/BF03196772

Guitard, D., Miller, L. M., Neath, 1., & Roodenrys, S. (2024a). Set size
and the orthographic/ phonological neighborhood size in serial
recognition: The importance of randomization. Canadian Journal
of Experimental Psychology, 78, 9-16. https://doi.org/10.1037/
cep0000320

Guitard, D., Miller, L. M., Neath, 1., & Roodenrys, S. (2024b). The
orthographic/phonological neighborhood size effect and set size.
Quarterly Journal of Experimental Psychology, 77, 298-307.
https://doi.org/10.1177/17470218231165863

Hulme, C., Maughan, S., & Brown, G. D. (1991). Memory for famil-
iar and unfamiliar words: Evidence for a long-term memory
contribution to short-term memory span. Journal of Memory
and Language, 30(6), 685-701. https://doi.org/10.1016/0749-
596X(91)90032-F

Jacobs, J. (1887). Experiments on “prehension.” Mind, 12, 75-79.
https://doi.org/10.1093/mind/o0s-12.45.75

Jalbert, A., Neath, L., Bireta, T. J., & Surprenant, A. M. (2011a). When
does length cause the word length effect? Journal of Experimen-
tal Psychology: Learning, Memory, and Cognition, 37, 338-353.
https://doi.org/10.1037/a0021804

Jalbert, A., Neath, 1., & Surprenant, A. M. (2011b). Does length or
neighborhood size cause the word length effect? Memory & Cog-
nition, 39, 1198-1210. https://doi.org/10.3758/s13421-011-0094-z

JASP Team (2023). JASP (Version 0.18.1) [Computer software] https://
jasp-stats.org

Neath, 1., Saint-Aubin, J., & Surprenant, A. M. (2022). Semantic relat-
edness effects in serial recall but not in serial reconstruction of
order. Experimental Psychology, 69(4), 196-209. https://doi.org/
10.1027/1618-3169/a000557

Perea, M. (1998). Orthographic neighbors are not all equal: Evidence
using an identification technique. Language and Cognitive Pro-
cesses, 13(1), 77-90. https://doi.org/10.1080/016909698386609

Robert, C., Postal, V., & Mathey, S. (2015). The effect of ortho-
graphic neighborhood in the reading span task. Journal of Psy-
cholinguistic Research, 44, 119-125. https://doi.org/10.1007/
$10936-014-9287-5

Roodenrys, S. (2009). Explaining phonological neighborhood effects
in short-term memory. In A. Thorn & M. Page (Eds.), Interactions
between short-term and long-term memory in the verbal domain
(pp. 177-197). Psychology Press.

Roodenrys, S., & Quinlan, P. T. (2000). The effects of stimulus set size
and word frequency on verbal serial recall. Memory, 8(2), 71-78.
https://doi.org/10.1080/096582100387623

Roodenrys, S., Hulme, C., Lethbridge, A., Hinton, M., & Nimmo,
L. M. (2002). Word-frequency and phonological-neighborhood
effects on verbal short-term memory. Journal of Experimental
Psychology: Learning, Memory, and Cognition, 28(6), 1019—
1034. https://doi.org/10.1037/0278-7393.28.6.1019

Schonbrodt, F. D., & Stefan, A. M. (2019). BFDA: An R package for
Bayes factor design analysis (version 0.5). https://github.com/
nicebread/BFDA

Schonbrodt, F. D., & Wagenmakers, E.-J. (2018). Bayes factor design
analysis: Planning for compelling evidence. Psychonomic
Bulletin & Review, 25(1), 128—142. https://doi.org/10.3758/
$13423-017-1230-y

Sears, C. R., Campbell, C. R., & Lupker, S. J. (2006). Is there a neigh-
borhood frequency effect in English? Evidence from reading and


https://doi.org/10.3758/s13421-024-01658-w
https://doi.org/10.17605/OSF.IO/C2B7W
https://doi.org/10.17605/OSF.IO/C2B7W
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jml.2006.02.002
https://doi.org/10.3758/BF03214334
https://doi.org/10.1037/h0061086
https://doi.org/10.1037/h0061086
https://doi.org/10.3758/BRM.41.4.977
https://doi.org/10.3758/BF03196772
https://doi.org/10.1037/cep0000320
https://doi.org/10.1037/cep0000320
https://doi.org/10.1177/17470218231165863
https://doi.org/10.1016/0749-596X(91)90032-F
https://doi.org/10.1016/0749-596X(91)90032-F
https://doi.org/10.1093/mind/os-12.45.75
https://doi.org/10.1037/a0021804
https://doi.org/10.3758/s13421-011-0094-z
https://jasp-stats.org
https://jasp-stats.org
https://doi.org/10.1027/1618-3169/a000557
https://doi.org/10.1027/1618-3169/a000557
https://doi.org/10.1080/016909698386609
https://doi.org/10.1007/s10936-014-9287-5
https://doi.org/10.1007/s10936-014-9287-5
https://doi.org/10.1080/096582100387623
https://doi.org/10.1037/0278-7393.28.6.1019
https://github.com/nicebread/BFDA
https://github.com/nicebread/BFDA
https://doi.org/10.3758/s13423-017-1230-y
https://doi.org/10.3758/s13423-017-1230-y

Memory & Cognition (2024) 52:1871-1881

1881

lexical decision. Journal of Experimental Psychology: Human
Perception and Performance, 32(4), 1040-1062. https://doi.org/
10.1037/0096-1523.32.4.1040

Walker, 1., & Hulme, C. (1999). Concrete words are easier to recall
than abstract words: Evidence for a semantic contribution to short-
term serial recall. Journal of Experimental Psychology: Learn-
ing, Memory, and Cognition, 25(5), 1256-1271. https://doi.org/
10.1037/0278-7393.25.5.1256

Wetzels, R., Matzke, D., Lee, M. D., Rouder, J. N., Iverson, G. J., &
Wagenmakers, E.-J. (2011). Statistical evidence in experimental
psychology: An empirical comparison using 855 ¢ tests. Perspec-
tives on Psychological Science, 6(3), 291-298. https://doi.org/10.
1177/1745691611406923

Yarkoni, T., Balota, D., & Yap, M. (2008). Moving beyond Coltheart’s
N: A new measure of orthographic similarity. Psychonomic Bul-
letin & Review, 15(5), 971-979. https://doi.org/10.3758/PBR.
15.5.971

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.
Open Practices statement The raw data and stimuli are available via
the Open Science Framework at https://doi.org/10.17605/OSF.10/
C2B7W.

@ Springer


https://doi.org/10.1037/0096-1523.32.4.1040
https://doi.org/10.1037/0096-1523.32.4.1040
https://doi.org/10.1037/0278-7393.25.5.1256
https://doi.org/10.1037/0278-7393.25.5.1256
https://doi.org/10.1177/1745691611406923
https://doi.org/10.1177/1745691611406923
https://doi.org/10.3758/PBR.15.5.971
https://doi.org/10.3758/PBR.15.5.971
https://doi.org/10.17605/OSF.IO/C2B7W
https://doi.org/10.17605/OSF.IO/C2B7W

	Neighborhood frequency effects in simple and complex span: Do high-frequency neighbors help or hurt?
	Abstract
	Introduction
	Experiment 1
	Ethics
	Sample size
	Subjects
	Stimuli
	Procedure
	Data analysis
	Results and discussion

	Experiment 2
	Subjects
	Stimuli
	Procedure
	Results and discussion

	Experiment 3
	Subjects
	Stimuli
	Procedure
	Results and discussion

	Experiment 4
	Subjects
	Stimuli
	Procedure
	Results

	General discussion
	Summary
	References


