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Abstract

Both languages are jointly activated in the bilingual brain, requiring bilinguals to select the target language while avoiding
interference from the unwanted language. This cross-language interference is similar to the within-language interference created
by the Deese—Roediger—McDermott false memory paradigm (DRM; Roediger & McDermott, 1995, Journal of Experimental
Psychology: Learning, Memory, and Cognition, 21[4], 803—814). Although the mechanisms mediating false memory in the
DRM paradigm remain an area of investigation, two of the more prominent theories—implicit associative response (IAR) and
fuzzy trace—provide frameworks for using the DRM paradigm to advance our understanding of bilingual language processing.
Three studies are reported comparing accuracy of monolingual and bilingual participants on different versions of the DRM. Study
1 presented lists of phonological associates and found that bilinguals showed higher rates of false recognition than did mono-
linguals. Study 2 used the standard semantic variant of the task and found that bilinguals showed lower false recognition rates
than did monolinguals. Study 3 replicated and extended the findings in Experiment 2 in another semantic version of the task
presented to younger and older adult monolingual and bilingual participants. These results are discussed within the frameworks
of IAR and fuzzy-trace theories as further explicating differences between monolingual and bilingual processing.
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It is well-documented that bilinguals have continual access to
information from both languages during language use, even in
strongly monolingual contexts (De Groot, 1992; Dijkstra &
Van Heuven, 1998; Francis, 1999; Green, 1993; Kroll, 1993;
Kroll & Stewart, 1994; Spivey & Marian, 1999; for review see
Kroll, Dussias, Bice, & Perrotti, 2015). This parallel activation
is found for phonological and semantic features in both the
auditory (Brysbaert, Van Dyck, & Van de Poel, 1999; Dijkstra,
Grainger, & Van Heuven, 1999; Ju & Luce, 2004;
Kaushanskaya & Marian, 2007; Linck, Kroll, & Sunderman,
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2009; Schulpen, Dijkstra, Schriefers, & Hasper, 2003; Spivey
& Marian, 1999; Weber & Cutler, 2004; Zhao & Li, 2010) and
visual modality (Dijkstra, Van Heuven, & Grainger, 1998;
Grainger, 1993), as well as in language production (Colomé,
2001; Costa, Miozzo, & Caramazza, 1999; Hermans,
Bongaerts, De Bot, & Schreuder, 1998; Kroll, Bobb, &
Wodniekca, 2006), and extends to speech—sign bilingualism
(Morford, Wilkinson, Villwock, Pinar, & Kroll, 2011).

Two demonstrations of this joint activation are particularly
compelling. First, Marian and Spivey (2003a, 2003b) present-
ed a visual world task to Russian—English bilinguals in which
participants were asked to make eye movements to a named
picture. The context, instructions, and environment were en-
tirely in English, and no mention was made of Russian.
Nonetheless, lure items in the visual world display that had
phonological similarity (e.g., “marka”, meaning “stamp”) to
the target item (“marker”) elicited significant eye movements
from the bilinguals. Second, Thierry and Wu (2007) asked
Chinese—English bilinguals at an English-speaking university
to judge the semantic relatedness of English word pairs while
ERP was recorded. The results showed that English word
pairs that were not semantically related but shared Chinese
characters if they would be translated into Chinese and then
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written elicited reduced N400 amplitude, as is found for se-
mantically related pairs. Thus, judgments of the English words
were unconsciously influenced by the written forms of their
Chinese translations.

One consequence of jointly activated languages is that lex-
ical access is more difficult for bilinguals than for monolin-
guals, as is shown by performance in picture naming (Friesen,
Chung-Fat-Yim, & Bialystok, 2016; Gollan, Montoya,
Fennema-Notestine, & Morris, 2005; Sullivan, Poarch, &
Bialystok, 2018), tip-of-the tongue events (Gollan &
Silverberg, 2001), and verbal fluency tasks (Giezen &
Emmorey, 2017; Gollan, Montoya, & Werner, 2002; Luo,
Luk, & Bialystok, 2010). Yet, despite both languages being
constantly active, bilinguals rarely make language intrusion
errors (Gollan, Sandoval, & Salmon, 2011; Myers-Scotton,
2002; Sandoval, Gollan, Ferreira, & Salmon, 2010). An alter-
native account in which bilinguals establish fewer automatic
links with each language because of lower frequency of use
for each language, called the weaker links view (Gollan,
Montoya, Cera, & Sandoval, 2008), is consistent with the
absence of intrusion errors, but provides a less clear account
of effortful retrieval than does joint activation (Sullivan et al.,
2018). Therefore, the joint activation account requires that
bilinguals have developed efficient processes for language
selection. This facility with language selection not only
changes how language processing is carried out in bilinguals
but may also be partly responsible for evidence that bilinguals
frequently outperform monolinguals on nonverbal tasks based
on conflict and selection (see a review in Bialystok, 2017).
However, this research has produced inconsistent results, par-
ticularly with young adults, where some studies report signif-
icant benefits for bilinguals on these tasks (e.g., Bialystok,
Craik, Klein, & Viswanathan, 2004; Costa, Hernandez, &
Sebastian-Galles, 2008) and others fail to find such outcomes
(e.g., Paap & Greenberg, 2013; von Bastian, Souza, & Gade,
2016). Thus, identifying the mechanisms involved in bilingual
language selection takes on greater consequence since under-
standing bilingual language processing may have implications
for models of cognitive processing more broadly.

If bilinguals need to constantly deal with jointly activated
representations that interfere with the present task, then at
some level ordinary language selection for bilinguals resem-
bles the configuration created in the Deese—Roediger—
McDermott (DRM) false memory paradigm (Roediger &
McDermott, 1995). In the original DRM paradigm
(Roediger & McDermott, 1995), participants are exposed to
a list of words (e.g., thread, pin, sewing, sharp, point) that are
all semantically associated with a word that is not presented
(needle), and then asked to recognize or recall the original
words. The typical finding is that despite being warned against
guessing, participants falsely recall and recognize the
nonpresented associate, termed a critical lure, at rates that
equal or exceed items that were actually presented (Payne,

Elie, Blackwell, & Neuschatz, 1996; Roediger, McDermott,
Pisoni, & Gallo, 2004; Roediger, McDermott, & Robinson,
1998; Schacter, Norman, & Koutstaal, 1998).

In a related study, Sommers and Lewis (1999) examined
whether lists of phonological associates to a nonpresented
critical lure would produce rates of false recall and recognition
similar to those obtained with lists of semantic associates
(Roediger & McDermott, 1995). Analogous to the original
DRM paradigm, Sommers and Lewis presented participants
with lists composed of phonological neighbors (words differ-
ing from a target word by the addition, deletion or substitution
of a single phoneme) of a nonpresented critical lure. For ex-
ample, one list contained phonological neighbors of the criti-
cal lure cat (kit, cab, hat, bat . . . ), although cat was not
presented. As in the DRM paradigm with semantic associates,
Sommers and Lewis reported that participants remembered
critical lure items at rates equal to or higher than those for list
items.

Mechanisms mediating false memories
in the DRM paradigm and implications
for bilingual language processing

The two most prominent theoretical accounts of false memo-
ries in the DRM paradigm are implicit associative response
(TAR) and fuzzy-trace theories (see Roediger et al., 1998, for
review). According to IAR, presentation of list items increases
activation on representations of those items as well as on se-
mantic associates, as activation spreads through semantic net-
works (Collins & Loftus, 1975). Thus, presentation of each
item in a list of semantic associates will activate not only the
item itself but also the semantically related critical lure.
Similarly, within activation-competition models of word rec-
ognition (Luce & Pisoni, 1998; Norris, Cutler, McQueen, &
Butterfield, 2006), presentation of the target item increases
activation on representations of that word and then spreads
to phonologically similar words. If spreading activation from
list items to critical lures is sufficiently high, participants will
falsely recall or recognize the critical lure just like any other
list item. Thus, within IAR, both semantic and phonological
false memories occur because participants mistakenly ascribe
high activation levels on the critical lure to it having been
presented.

The IAR theory of false memories places the locus of false
recall and recognition at encoding; activation of list items
during encoding spreads automatically to related items, and
false memories occur when levels of activation are sufficiently
high on these related, but nonpresented, critical lures. A vari-
ant of IAR theory, activation-monitoring theory, is similar in
that it stresses the role of spreading activation from list items
to nonpresented critical lures, but places the locus of false
memories at retrieval, rather than at encoding. According to
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an activation-monitoring account, false memories result pri-
marily from source monitoring failures; both phonological
and semantic false memories occur when individuals misat-
tribute activation on critical lures to actual item presentation
rather than from spreading activation from presented items
(Finley, Sungkhasettee, Roediger, & Balota, 2017). That is,
false memories arise according to activation-monitoring ac-
counts because of errors in ascribing the source of activation
on lexical representations. In the current work, we focus on the
more general [AR theory because it presents a situation more
analogous to language selection in bilinguals, which focuses
on coactivation within the two lexicons rather than on source
monitoring processes, and which is therefore more consistent
with the goal of using theories of DRM to derive predictions
about language processing in monolinguals and bilinguals
rather than to support specific theories of false memories in
the DRM paradigm.

According to the fuzzy-trace account of false memories
(Brainerd & Reyna, 2002), two different kinds of representa-
tions are created during encoding word lists: gist traces, which
contain the general thematic meaning of each list but not item-
specific perceptual details and verbatim traces which contain
item-specific details. Within the fuzzy-trace account, false
memories occur when participants rely on gist rather than
verbatim representations for recall and recognition. Although
fuzzy-trace accounts of false memories have been largely re-
stricted to lists of semantic associates, as the theory stresses
formation of gist representations based on meaning, a recent
study (McGeown, Gray, Robinson, & Dewhurst, 2014) used
the fuzzy-trace framework to explain the relationship between
language skills and susceptibility to phonological false
memories. McGeown et al. (2014) found that phonological
awareness, a measure of individuals’ ability to recognize rela-
tionships between phonemes, was related to susceptibility to
phonological false memories. Thus, although fuzzy-trace ac-
counts of false memories are more developed for lists of se-
mantic associates, there is no reason that the approach cannot
be extended to lists of phonological associates.

In considering the different accounts of DRM false mem-
ories, it is important to note that the purpose of the current
study is not to adjudicate between IAR and fuzzy-trace expla-
nations of false memories in the DRM paradigm but rather to
use the DRM paradigm as a tool to understand differences
between monolingual and bilingual language processing.
The accounts proposed by the two theories provide useful
frameworks for generating predictions about differential sus-
ceptibility of monolinguals and bilinguals to DRM false mem-
ories, and, as we note below, in some cases the two theories
make complementary predictions, and in others, contrasting
predictions.

Consider first predictions based on fuzzy-trace theory. As
noted, within fuzzy-trace theory, false memories arise from
reliance on gist, rather than on verbatim representations
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created by presenting semantically or phonologically related
word lists. Differences in the extent to which particular groups
rely on verbatim versus gist representations have been used to
account for developmental differences in susceptibility to false
memories in children, young adults, and older adults, as well
in individuals with dyslexia (Brainerd & Reyna, 2002;
Gomes, Cohen, Desai, Brainerd, & Reyna, 2014; Holliday,
Brainerd, & Reyna, 2011; Obidzinski & Nieznanski, 2017).
To our knowledge, there has not been a direct comparison of
bilinguals’ and monolinguals’ reliance on gist versus verbatim
representations. However, if bilinguals have increased reli-
ance on gist, rather than verbatim representations, we would
predict greater levels of false recognition in this group than in
monolinguals. Conversely, if bilinguals rely less on gist rep-
resentations than do monolinguals, we would expect lower
levels of both phonological and semantic false memories.
No differences between the groups would indicate similar
reliance on the two types of representations. Thus, the findings
from the current study should provide the first, albeit indirect,
evidence regarding relative reliance on gist versus verbatim
representations in monolinguals and bilinguals.

According to IAR, differential rates of false memories
in monolinguals and bilinguals could arise from two (not
mutually exclusive) processes. First, according to IAR,
activation spreads from presented items to phonological
or semantic associates including the critical lure, creating
joint activation of presented and nonpresented items.
Differences in either the initial levels of activation and/
or the degree to which activation spreads throughout se-
mantic and phonological networks would predict differen-
tial activation of phonological or semantic associates for
bilingual and monolingual individuals and hence differ-
ences in susceptibility to false memories. A second mech-
anism that could account for differential susceptibility of
monolinguals and bilinguals to false memories according
to TAR is differences in attentional control systems.
Participants in the DRM paradigm must selectively report
activated target items and avoid recalling or recognizing
the activated, but nonpresented associated items. If both
language processing in bilinguals and word identification
in the DRM take place in the context of jointly activated
alternatives that require selective attention to evaluate,
then the experience of bilinguals may improve their abil-
ity to avoid critical lures in the DRM because it relies on
processes similar to those used in bilingual language se-
lection. To that end, the general prediction is that bilin-
guals will be less susceptible than monolinguals to false
alarms in the DRM task. To the extent that both bilingual
language processing and DRM recruit similar processes of
selective attention, the more practiced and therefore more
automatic attentional processes of bilinguals should ben-
efit their performance on DRM, as reflected in reduced
levels of false recognition.
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Semantic versus phonological false memories

Although the majority of research with the DRM paradigm
has used lists of semantic associates, parallel findings have
also been observed using lists of phonological associates
(Ballou & Sommers, 2008; Sommers & Lewis, 1999;
Wallace, Stewart, & Malone, 1995; Watson, Balota, &
Sergent-Marshall, 2001; Westbury, Buchanan, & Brown,
1999). Interestingly, investigations examining the mecha-
nisms mediating these two types of false memory suggest that
they may be generated by distinct processes (Ballou &
Sommers, 2008; Holliday & Weekes, 2006; Watson et al.,
2001). For example, Ballou and Sommers (2008) found no
correlation between susceptibility to semantic and
phonological false memories in a group of young adults.
Holliday and Weekes (2006) reported different developmental
trajectories for phonological and semantic false memories in
children ages 8—13 years, with false memories increasing with
age for lists of semantic associates and decreasing with age for
lists of phonological associates. Therefore, one goal of the
present study was to compare susceptibility to false memories
in monolinguals and bilinguals for lists of both semantic and
phonological associates. Based on findings suggesting differ-
ences between the two types of false memory, it may be that
bilingualism has different effects on phonological versus se-
mantic false memory.

In summary, in the absence of evidence to suggest
differential reliance on verbatim versus gist representa-
tions, fuzzy-trace theory would predict no differences in
susceptibility to DRM false memories. Evidence con-
trary to this hypothesis would provide the first findings
to suggest that bilingualism may be associated with dif-
ferential reliance on gist versus verbatim representations.
In contrast, according to IAR, differential susceptibility
to DRM false memories can result from differences in
the magnitude of spreading activation as well as differ-
ences in selection of activated items. To the extent that
bilinguals have improved attentional control relative to
monolinguals, we predict reduced susceptibility to DRM
false memories in this group. Furthermore, based on
evidence for a dissociation between phonological and
semantic false memories, it may be that that bilingual-
ism has differential effects on these two types of false
memories.

The three experiments reported in the current study exam-
ined rates of false memory in monolingual and bilingual par-
ticipants across different types of linguistic features and dif-
ferent populations. Experiment 1 presented a phonological
version of the task to young adults; Experiment 2 used the
standard semantic version with young adults; and
Experiment 3 extended the design to compare younger and
older adult performance. In all three experiments, we com-
pared the performance of monolinguals and bilinguals.

Experiment 1
Method
Participants

Forty-five English-native monolingual young adults and 40
bilingual young adults participated in the study. This sample
size was based on findings from Sommers and Lewis (1999),
who found levels of phonological false memories comparable
to those reported for semantic false memories (Roediger &
McDermott, 1995) using a sample size of 42 young adults.
All participants were undergraduate students at Washington
University in St. Louis and were compensated with course
credit. Bilingual participants reported being fluent in English
and one of five other languages, including Cantonese, French,
German, Mandarin, and Spanish. Bilingual participants typi-
cally started learning English concurrent with or shortly after
learning each of these primary languages, but always before
puberty. Thus, the bilingual participants were either simulta-
neous or non-English-dominant bilinguals.

Tasks

Background measures Participants were administered the
Wechsler Adult Intelligence Scale (WAIS-III) Vocabulary
subtest as a test of English vocabulary and the Cattell
Culture Fair Intelligence Test (Cattell & Cattell, 1960) as a
test of nonverbal reasoning. Participants were also adminis-
tered the Language Experience and Proficiency Questionnaire
(LEAP-Q; Marian, Blumenfeld, & Kaushanskaya, 2007) to
assess the degree to which speakers rated their use and fluency
in all languages.

DRM task The auditory stimuli were selected from the
lists generated by Sommers and Lewis (1999) for the
phonological DRM task. These word lists of phonologi-
cal associates were designed to parallel those used by
Roediger and McDermott (1995) in their demonstrations
of false recall and recognition with semantic associates.
Each participant heard eight words lists, each of which
contained 15 phonological associates of a (nonpresented)
critical lure. A male talker with a Midwestern dialect
recorded the words in a double-walled sound-attenuating
booth. The productions were transduced using a free-
field microphone, low-pass filtered at 8.5 kHz, and dig-
itized online using a 16-bit A/D converter and a 22-kHz
sampling rate. The root-mean squared (RMS) amplitude
level of all words was digitally equated. Participants
were seated in front of a PC and keyboard. The DRM
task was run on SuperLab (Version 2.0.4; Cedrus
Corporation). Stimuli were presented binaurally through
headphones (Sennheiser HD 265).
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Study phase The eight lists of 15 words each resulted in 120
unique study items. The order of list presentation was random-
ized across participants, but the order of the words within each
list was pseudorandomized and remained constant for all par-
ticipants. The beginning of each list was indicated by a 1,000-
ms 500-Hz tone. Within each list, there was an interstimulus
interval (ISI) of 2,000 ms. There was no response required on
the part of the participant, although to ensure that sufficient
attention was being engaged, participants were required to
press the space bar between each list (i.e., after each tone).
Participants were told to remember the words for a subsequent
memory test.

Recognition phase The recognition test consisted of 48 items,
including one critical lure related to each study list (8), two
target items that had been presented on each of the lists (16),
and 24 new items. New items were taken from nonpresented
lists (see Sommers & Lewis, 1999, for a complete set of
studied and new items). One item was selected randomly from
each of the 16 nonpresented lists and then eight of the lists
were selected randomly to obtain one additional item (i.e., one
new item was taken from each nonpresented list with an ad-
ditional item taken from eight of the lists). Thus, the test in-
cluded 16 studied items and 32 new items, of which eight
were critical lures. Words were presented one at a time in
random order, and each was followed by a visual screen dis-
play of ‘OLD or NEW?’ Participants were asked to press one
of two keyboard keys to indicate whether they recognized the
word from the study phase. Participants were given up to
5,000 ms to respond to each word, after which the next word
appeared.

Results and discussion
Background measures

Table 1 shows age and mean background measure scores for
each language group. Monolinguals and bilinguals were com-
parable on age, #(83) = 1.11, p = .27, English vocabulary, #83)
= 1.66, p = 0.10, and monolinguals had marginally higher
nonverbal intelligence than did bilinguals, #83) = 1.77, p =
0.08. Monolinguals rated themselves as significantly more
proficient in English than did bilinguals, #83) = 3.83, p <
.001, d =1.12, and bilinguals rated themselves as significantly
more proficient in their non-English language than in English,
#(83) =13.62, p < .001, d = 4.38. Monolingual speakers used
English significantly more often than did bilinguals, #(83) =
12.61, p < .001, d = 4.06.

DRM task

Table 2 shows the mean percentage of ‘OLD’ responses for
studied, unstudied, and critical lure items. Separate one-way
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ANOVAs were conducted to compare the performance of
monolinguals and bilinguals on studied items, nonstudied
items (other than critical lures), and critical lures. The accura-
cy of detecting the presented words was examined in a d-
prime (d') analysis comparing correct responses to studied
words against false alarms (excluding critical lures). These
values, reported in Table 2, did not differ across groups, F' <
1. The two language groups also did not differ on either cor-
rect recognition of studied items or false alarms to nonstudied
items other than the critical lures (all Fs < 1). In contrast,
bilinguals gave significantly more “old” responses to critical
lures than did monolinguals F(1, 83)=6.30, p=.01, T]p2 =.07.

A sensitivity analysis was conducted in G¥Power to deter-
mine the minimum effect size that the design could reliably
detect using power = .80 and o= .05. The results indicated that
a reliable group difference for response to the critical lures
required minimally a critical F’ value of 3.95, with Cohen’s d
0f'0.24. The actual values obtained were "= 6.30 and Cohen’s
d = 0.55, both well beyond this limit.

As indicated in the analysis of demographic measures
shown in Table 1, bilinguals had lower self-rated English-lan-
guage proficiency than did monolinguals. It is possible that
lower English proficiency could have contributed to the in-
creased incidence of DRM false memories for bilinguals. To
examine whether lower levels of English proficiency were
associated with higher levels of false recognition, we correlat-
ed these measures for the bilinguals (monolinguals were near
ceiling for ratings of English proficiency). English language
proficiency was not significantly correlated with the number
of phonological critical lures individuals recognized, r = —.16,
p>.3.

Bilinguals produced higher rates of false recognition of
critical lures than did monolinguals, despite comparable per-
formance on studied items and new items other than critical
lures. Based on IAR and fuzzy-trace theories, we initially
predicted either no difference in false memories between
monolinguals and bilinguals (fuzzy-trace theory) or reduced
false memory for bilinguals (IAR). However, there was a sig-
nificant difference between groups, but it was in the opposite
direction than we had predicted; bilinguals were more suscep-
tible than monolinguals to phonological false memories.

Differences in processing for phonological and seman-
tic features is consistent with models that distinguish be-
tween operations that support word form and those that
support word meaning (Potter, So, Von Eckardt, &
Feldman, 1984; Snodgrass, 1984). Moreover, it may be
that rates of semantic and phonological false memories
in the DRM paradigm are mediated by distinct mecha-
nisms (Ballou & Sommers, 2008; Chan, McDermott,
Watson, & Gallo, 2005; Watson, Balota, & Roediger,
2003). Therefore, Experiment 2 tested a new group of
monolingual and bilingual young adults using a semantic
version of the DRM task.
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Table 1  Means (and SDs) of background variables by language group in Studies 1 and 2

Experiment Study 1 Study 2

Group Monolingual Bilingual Monolingual Bilingual

n 45 40 25 25

Age (years) 19.9 2.2) 19.3(1.2) 20.2 (2.7) 19.8 (0.9)
English vocabulary (out of 66) 54.0 (8.5) 49.1(7.9) 52.5(5.6) 50.1 (5.2)
Nonverbal intelligence 114.0 (7.4) 109.7 (5.8) 114.2 (8.5) 115.9 (13.6)
LEAP-Q self-ratings®

Age learned English (years) 1.4 (0.6) 5.8 (1.6) 1.6 (0.6) 6.5(3.2)
Age learned non-English language (years) 1.8 (0.7) 2.0 (1.1
Self-rated English Proficiency (out of 10) 9.5 (0.5) 7.524) 9.7 (0.4) 7.6 (1.9)
Self-rated non-English proficiency (out of 10) 2.1(1.4) 8.2 (1.3) 1.4 (0.6) 8.3 (1.3)

#The LEAP-Q contains 23 items, but we included only those that were most relevant to the current experiments. Self-report ratings of proficiency range
from 0 = “no proficiency” and 100 = “fully fluent” and usage from 0 = “all other language” and 100 = “all English”. Proficiency ratings were based on an
average of speaking and understanding. Usage ratings were based on an average consisting of ratings for three usage contexts

Experiment 2
Method
Participants

New groups of bilingual and monolingual participants
from the same university as in Experiment 1 were recruit-
ed to perform the semantic version of the DRM. Twenty-
five English-native monolingual and 25 bilingual young
adults were recruited for Study 2. Bilingual participants
were fluent in English and either Cantonese, German,
Mandarin, or Spanish.

Tasks

Background measures Participants were administered the
same tasks for English vocabulary (WAIS-III), nonverbal in-
telligence (Cattell Culture Fair Intelligence Test), and self-
report measures from the LEAP-Q as were used in Study 1.
Mean scores are reported in Table 1.

DRM task Eight lists generated by Roediger and McDermott
(1995) were selected. To match the task design as closely as
possible to that in Study 1. Each list contained 15 semantic
associates of a critical lure. Mean backward association
strength (BAS), the degree of association from studied items
to the critical lure, was M = .23 (SD = .05). The recognition
test included 48 items consisting of eight critical lures from the
studied lists, two items from each of the eight studied lists, and
24 new items. New items were selected randomly from
nonpresented lists as in Experiment 1. The procedure was
identical to Study 1.

Results and discussion
Background measures

As in Study 1, monolinguals and bilinguals were comparable
on age, #(48) = 1.52, p = .32, English vocabulary, #(48) = 1.36,
p = 0.17, and nonverbal intelligence, #48) = 0.7, p = 0.48.
Monolinguals rated themselves significantly more proficient
in English than did bilinguals, #(48) = 4.83, p <.001, d = 1.51,

Table 2 Mean percentage of ‘OLD’ responses (and standard error of the mean) for studied, unstudied, critical lure items, and d-prime by language

group in Studies 1 and 2

Experiment Study 1: Phonological Study 2: Semantic

Group Monolingual Bilingual Monolingual Bilingual
Studied words 66.02 (2.63) 65.31 (2.80) 64.00 (2.81) 67.33 (2.81)
Unstudied words 23.33 (2.74) 22.82 (2.18) 24.00 2.91) 23.00 (2.91)
Critical lures 54.17 (3.04) 65.31 (3.22) 59.52 (1.63) 47.51 (2.53)
D-prime” 1.18 (0.10) 1.23 (0.11) 1.15(0.13) 1.23 (0.10)

 D-prime was calculated as hits (correct OLD response to studied items) minus false alarms (incorrect OLD response to new items) excluding critical

lures
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while bilinguals rated themselves as significantly more profi-
cient in a non-English language than did monolinguals, #(48)
= 21.09, p < .001, d = 7.16. Monolingual speakers used
English significantly more often than did bilinguals, #(48) =
13.67, p < .001, d = 4.33, while bilinguals had significantly
more non-English language exposure than did monolinguals,
#(48) =45.81, p < .001, d = 14.46.

DRM task

Table 2 shows the mean percentage of ‘OLD’ responses for
studied, unstudied, and critical lure items. D-prime analyses
for the ability to detect old items are reported in Table 2 and
indicated no difference between groups, F < 1. Separate one-
way ANOVAs conducted on percentage of “old” responses to
the three types of stimuli indicated no significant differences
between monolinguals and bilinguals for correct recognition
of studied items, and no significant difference for false alarms
to new items that were not critical lures (all Fs < 1).
Monolinguals, however, had significantly more “old” re-
sponses to critical lures than did bilinguals F(1, 48) = 5.80,
p=.01, npz =.11. Using the same parameters as in Experiment
1 to determine the reliability of this finding, a sensitivity anal-
ysis indicated the need for a critical F value of 4.04 and a
Cohen’s d of 0.32. The present results produced an F value
of 5.80 and Cohen’s d of 0.69, again exceeding the necessary
threshold. As in Experiment 1, monolinguals had higher self-
rated English proficiency than did bilinguals. Also, as in
Experiment 1, the self-rated English proficiency was not sig-
nificantly related to the number of semantic false memories,
=.26,p> 2.

In contrast to the results of Study 1, in which bilinguals
showed more false alarms to phonologically related word lists
than monolinguals did, bilinguals in Study 2 showed fewer
false alarms to semantically related critical lures than did
monolinguals. In both studies, the word lists were presented
auditorily, ruling out presentation modality as a contributing
factor. Instead, the findings from Study 2 are consistent with
the initial prediction from IAR that bilinguals were less sus-
ceptible to critical lures than were monolinguals. Moreover,
responses to the other two types of stimuli (studied words
and nonstudied items other than the critical lure) were consis-
tent across the two studies, with about 65% correct recognition
of target items and about 23% false alarms to new noncritical
items incorrectly called ‘OLD’. It was only the response to the
critical lures that changed across studies and across language
groups. Differences between monolinguals and bilinguals in
their responses to critical lures was not the result of differential
experience with English; the two groups were equally capable
of correctly remembering target words and had equal false
alarm rates for new items that were not critical lures.

Experiment 3 extended these findings by administering a
different version of a semantic DRM that manipulated
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backward associative strength (BAS) in the word lists and
used written stimuli instead of oral presentation. The study
also included older adults to determine if there are effects of
aging. Experiment 3 was conducted independently of the first
two experiments in a different location; neither group of re-
searchers was aware of the ongoing study by the other group.
Therefore, the procedures and background measures were
somewhat different for the two research groups, but the pos-
sibility of converging results was therefore more compelling.

Experiment 3

DRM studies of aging have reliably found increases in false
memory rates for both healthy (Balota et al., 1999; Dehon &
Brédart, 2004; Dennis, Kim, & Cabeza, 2007; Norman &
Schacter, 1997; Tun, Wingfield, Rosen, & Blanchard, 1998)
and patient populations (Balota et al., 1999; Budson, Sullivan,
Daffner, & Schacter, 2003; Sommers & Huff, 2003).
Activation-based accounts suggest that age-related increases
in false memories result from reductions in attentional control
(Balota et al., 1999; Gallo & Roediger, 2003; Watson et al.,
2003). Because aging is associated with reduced attentional
control (Gazzaley, Cooney, Rissman, & D'esposito, 2005;
Hasher & Zacks, 1988; McDowd & Filion, 1992; see
Verhaeghen & Cerella, 2002, for review), older adults are
more impaired than are young adults in their ability to reduce
activation on associated but nonpresented items, including the
critical lures (Balota et al., 1999; Watson et al., 2001).
However, there is also evidence that older bilinguals continue
to demonstrate better attentional control than do older mono-
linguals (Bialystok, 2017, for review), and consequently there
may be greater age-related increases in DRM false memories
for monolinguals than for bilinguals. In contrast, from a fuzzy-
trace perspective, age-related increases in DRM false memo-
ries result from an increased reliance on gist, rather than on
verbatim representations with age (Brainerd & Reyna, 2002).
Therefore, fuzzy-trace theory would predict that both older
monolinguals and bilinguals should be more susceptible to
semantic false memories than their younger counterparts, but
language status (bilingual versus monolingual) should not
matter.

In addition to testing young and older adults, Study 3 also
included lists that varied in BAS to manipulate the strength of
association between studied items and the critical lure. Lists
with high BAS to the critical lure typically produce higher
levels of false memories because the initial activation and/or
the magnitude of spreading activation from list items to the
critical lure is higher than in low BAS lists (Gallo & Roediger,
2002; Howe, Wimmer, & Blease, 2009). To the extent that
bilingual older adults have better preserved attentional control
than monolinguals, we expect bigger differences between
these two groups for lists with high compared with low
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BAS, particularly for older adults. That is, because selective
attention demands are increased for lists with high BAS—
owing to increased activation on nonpresented items—the
better preserved attentional control of bilinguals might be par-
ticularly useful for resisting false memories and might magni-
fy any differences between bilingual and monolingual older
adults.

Method
Participants

A total of 129 participants were recruited for Experiment 3,
and the final sample size was 112, divided as follows: 59
young adults recruited from the York University undergradu-
ate psychology participant pool, consisting of 26 monolingual
English speakers and 33 bilinguals who reported being fluent
in English and at least one additional language out of 20 dif-
ferent languages; 53 healthy older adults recruited from the
University of Toronto and York University participant pools,
consisting of 26 monolingual speakers of English and 27 bi-
linguals who reported being fluent in English and at least one
additional language out of 19 languages. Seventeen recruited
participants were excluded from analyses due to low vocabu-
lary or nonverbal intelligence (standard score <70, i.e., <2
SDs, n = 8; one younger monolingual, seven younger bilin-
guals), unclear language background (n = 7; four older adults,
three younger adults), computer error (z = 1, younger mono-
lingual), or visual impairment (n = 1, older bilingual). Table 3
reports participant background information.

Tasks

Language and Social Background Questionnaire (LSBQ;
Anderson, Mak, Keyvani Chahi, & Bialystok, 2018).
Participants answered questions pertaining to age, sex, hand-
edness, education, vision/hearing problems, country of birth,
as well as language use and self-rated fluency (relative to a
native speaker) for all known languages (rated on scales of 0
to 100, where 0 represents no proficiency and 100 represents

fully fluent).

English receptive vocabulary measures Participants were
administered either the verbal component of the
Shipley-2 (Shipley, Gruber, Martin, & Klein, 2009) or
the Peabody Picture Vocabulary Test (PPVT; Dunn &
Dunn, 1997) as a measure of English receptive vocab-
ulary. Each test was administered according to standard-
ized instructions and converted to normed scores by a
set of tables based on age with a population mean of
100 and a standard deviation of 15.

Nonverbal (fluid) intelligence measures Participants complet-
ed either the nonverbal component of the Shipley-2 (Shipley
et al., 2009), Cattell Culture Fair Intelligence Test (Cattell &
Cattell, 1960), or the Kaufman Brief Intelligence Test (KBIT-
2; Kaufman & Kaufman, 2004), as a measure of fluid intelli-
gence. Each test was administered according to standardized
instructions and converted to normed scores by a set of tables
based on age with a population mean of 100 and a standard
deviation of 15.

Table 3  Means (and SDs) of background variables by age group and language group in Study 3

Age group Younger adults Older adults

Language group Monolinguals Bilinguals Monolinguals Bilinguals

n 26 33 26 27

Age (years) 20.5(2.3) 20.6 (3.5) 70.9 (5.6) 71.8 (4.8)

Education (years) 12.8 (1.0) 13.2(1.2) 15.0 (2.5) 159 (2.1)

Nonverbal intelligence 99.4 (11.5) 101.2 (16.3) 102.3 (13.7) 96.1 (8.7)

English vocabulary 100.9 (8.8) 94.2 (12.1) 109.2 (9.1) 107.7 (8.4)

LSBQ self-ratings”

Age learned English 1.2(1.2) 6.3 (5.1) 0.9 (1.2) 7.7 (4.9)

Age learned non-English language 8.0 (3.9) 2.1(2.8) 24.6 (26.5) 1.4 (2.8)
n=10 n=233 n=9 n=27

English proficiency 99.9 (0.5) 90.9 (10.8) 99.3 (2.3) 96.2 (7.1)

Non-English proficiency 20.3 (11.6) 90.1 (11.7) 15.5 (11.1) 92.9(11.5)
n=10 n=233 n=9 n=27

English usage 99.2 (3.3) 64.4 (16.0) 99.5(1.9) 74.1 (21.9)

#Self-report ratings of proficiency range from 0 = “no proficiency” and 100 = “fully fluent” and usage from 0 = “all other language” and 100 = “all
English”. Proficiency ratings were based on an average of speaking and understanding. Usage ratings were based on an average consisting of ratings for
three usage contexts. A subset of monolinguals indicated having some limited non-English language experience at some point throughout their lifetime.
The non-English language profile data was not analyzed statistically across groups
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DRM task Sixteen lists of 15 semantically associated words
were selected from the 55 normed DRM lists used by
Roediger, Watson, McDermott, and Gallo (2001). From these
16 lists, each participant studied eight of the lists, and the
remaining eight lists were used during the recognition test as
new items. To examine the effects of BAS, there were eight
lists of low BAS and eight lists of high BAS words, according
to the mean BAS value reported by Roediger et al. (2001). The
low BAS lists (M = .04, SD = .03, range: .01-.10 and high
BAS lists (M = .26, SD = .06, range: .20—.35) differed signif-
icantly on mean backward association strength, #(14) = —8.96,
p <.0001. A medium BAS list was used as practice. For each
participant, four high BAS lists and four low BAS lists were
randomly selected for study presentation. The order of presen-
tation of words within each list was the same as Roediger et al.
(2001).

The recognition test consisted of 64 items: eight critical
lures from the studied lists, three items from each of the eight
studied lists, and 32 new items taken from the unstudied lists.
The three recognition test items that were selected from each
list were based on the norms presented in Roediger et al.
(2001) and indicate the strength of association of each item
to the critical lure. Based on the normative data, the three
items selected for the recognition test were the item most often
generated as an associate to the critical lure, the sixth most
often generated item in the list, and the 11th most often gen-
erated item in the list.

Procedure

Participants began by completing the LSBQ and were
then given the measure of English receptive vocabulary
(Shipley vocabulary, n = 96, or PPVT, n = 16), and the
measure of nonverbal fluid intelligence (Shipley block
patterns, n = 94, Cattell, n = 3, or KBIT, n = 13). The
DRM task was run on E-Prime 2.0. Items were presented
visually to minimize the effects of age-related hearing loss
on perception of list words.

In the first phase, participants studied eight lists (four high
mean BAS and four low mean BAS), each consisting of 15
words presented serially on a computer screen, yielding a total
of 120 items. Each word was displayed in black, Courier New,
bold, size 18 font at the center of a blank white screen for
1,500 ms, with a fixation cross appearing between words for
1,000 ms followed by a blank white screen presented at a fixed
ITI of 500 ms prior to word onset.

During the recognition phase, 64 words were presented on
the computer screen, one at a time in random order, and par-
ticipants pressed one of two mouse buttons on the left or right
side of the monitor to indicate whether the word had been part
of a study list. After a response or 5,000 ms had elapsed, the
next word appeared. Right and left response keys were
counterbalanced across participants.
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Results and discussion
Background measures

Background measures are reported in Table 3. All measures
were examined with two-way ANOVAs for age group and
language group. Language groups were equivalent in age,
but older adults had more years of education than younger
adults, F(1, 108) =52.35,p < .0001,111[,2 = .33, and bilinguals
had more years of education than monolinguals, F(1, 108) =
4.08, p = .05, npz = .04, with no significant interaction, F < 1.
All groups were equivalent on nonverbal intelligence, Fs < 1.
Older adults scored higher on English receptive vocabulary
than younger adults, (1, 108) = 33.66, p < .0001, npz = .24,
and scores were also higher in monolinguals than in bilin-
guals, F(1, 108)=4.78, p=.031, np2 = .04, with no significant
interaction, F' < 1. Not surprisingly, monolinguals learned
English at an earlier age than bilinguals did, F(1, 108) =
68.77, p < .0001, np2 = .39, with no effect of group or inter-
action of age and group, F's < 1. Monolinguals had higher
English proficiency scores than bilinguals did, (1, 108) =
21.29, p <.0001, np2 =.16, with a larger discrepancy in youn-
ger adults, F(1, 57) = 17.93, p <.0001, np2 = .24, than older
adults, F(1, 51) = 4.63, p = .036, np2 = .08. However, the
group means for English proficiency scores were all above
90, so in the range of the population mean. There was no main
effect of age for English proficiency scores, F'< 1. For English
usage, monolinguals used English more than bilinguals did,
F(1,108)=128.84, p <.0001, npz =.54, and older adults used
English slightly more than young adults did, (1, 108) = 3.56,
p =.006, np2 =.03. The interaction between age and language
group with respect to English usage was also marginally sig-
nificant, F(1, 108) =3.1 p = .07, npz =.03.

DRM task

Recognition data are presented in Table 4. First, the percent-
age of ‘OLD’ responses to studied words was examined in a
three-way ANOVA for age group, language group, and BAS.
There were no effects of age group, F(1, 108) = 1.24, ns,
language group, F(1, 108) = 1.50, ns, or their interaction, F'
< 1. There was a main effect of BAS, F(1, 108) =21.15,p <
.0001, with more ‘OLD’ responses to high BAS words than
low BAS words, but no interaction effects, F's < 1. The accu-
racy of detecting the studied words was examined in a d-prime
analysis comparing correct responses to studied words against
false alarms (excluding critical lures). These values are also
reported in Table 4. A two-way ANOVA for age group and
language group indicated no significant effects or interaction,
all Fs< 1.

A similar analysis examining the accuracy of responding to
unstudied words was performed on ‘OLD’ responses to those
words. There were no significant effects, all F's < 1.
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Table 4 Mean percentage of ‘OLD’ responses (and standard error of the mean) for studied, unstudied, critical lure items, and d-prime overall and by

backward association strength (BAS) by age and language group in Study 3

Group Younger monolinguals Younger bilinguals Older monolinguals Older bilinguals
Studied words 79.17 (2.77) 76.89 (2.71) 83.33 (2.29) 78.86 (3.06)
High BAS 82.05 (3.29) 79.04 (3.35) 87.82 (2.23) 83.64 (3.06)
Low BAS 76.28 (3.12) 74.75 (2.77) 78.85 (3.24) 74.07 (3.76)
Unstudied words 9.78 (2.09) 9.41 (4.16) 10.90 (4.04) 8.95 (2.65)
High BAS 9.62 (2.25) 9.22 (4.19) 10.58 (4.12) 8.95 (2.81)
Low BAS 9.94 (2.25) 9.60 (4.25) 11.22 (4.21) 8.95(2.85)
Critical lures 74.52 (4.93) 62.88 (4.69) 81.73 (3.94) 75.00 (4.43)
High BAS 79.81 (4.60) 65.15 (6.43) 78.85 (5.13) 75.93 (5.89)
Low BAS 69.23 (6.25) 60.61 (5.11) 84.62 (4.18) 74.07 (4.11)
D-prime 0.69 (0.03) 0.67 (0.05) 0.72 (0.04) 0.69 (0.04)

# D-prime was calculated as hits (correct OLD response to studied items) minus false alarms (incorrect OLD response to new items) excluding critical

lures

False alarms to critical lures were examined in an
ANOVA for age group, language group, and BAS. Older
adults made more false alarms than younger adults did,
F(1, 108) = 445, p = .03, np2 = .04, and monolinguals
made more false alarms than bilinguals did, F(1, 108) =
4.02, p = .048, np2 = .04, with no interaction, /' < 1. There
was no overall effect of BAS, F < 1, or significant inter-
actions with BAS, Fs < 1. The sensitivity of the design to
produce a language group difference to critical lures was
evaluated using G*Power. A one-way ANOVA for lan-
guage group found a significant difference between
groups, F(1, 110) = 4.47, p = .03, d = 0.41. To achieve
power of .80, the sensitivity analysis indicated a critical
value of 3.92 and effect size of 0.21, both less than the
obtained values. Therefore, the design has adequate sen-
sitivity to detect this effect.

As noted, monolingual and bilinguals differed in English
proficiency, vocabulary, and the LSBQ. None of these demo-
graphic measures were related to measures of false memory.
For young adult bilinguals (monolinguals had little variability
in English-language measures), correlations between these
three language measures and false memory were all lower
than » = .2, ps > .18. For older adult bilinguals, correlations
were all less than » =.3 and ps > .10.

The results replicate those found in Experiment 2
showing more false alarms for monolinguals than for
bilinguals on a DRM recognition test. The results were
similar for younger and older adults, with no interaction
effect. The typical age-related increases in false memory
were present, but they did not interact with language
status, suggesting that these factors exert independent
effects on false memory. Moreover, the results extend
the findings from auditory presentations used in Study
2 to visual presentations in Study 3, with no apparent
difference in outcomes.

General discussion

Across three experiments, monolinguals and bilinguals
showed different susceptibility to false memories in two var-
iants of the DRM task. In Study 1, using a phonological ver-
sion of the task, bilinguals were more susceptible to critical
lures than monolinguals were. However, this pattern reversed
in the semantic paradigm used in Experiments 2 and 3, where
bilinguals exhibited fewer false alarms than did monolinguals.
Although this finding rests on a cross-experiment comparison
and not a full factorial design with random assignment to
conditions, the pattern for the semantic paradigm was repli-
cated in Experiment 3. Experiment 3 also extended the results
to visual presentations and included older adults. Importantly,
the replication of the results in Experiments 2 and 3 were
carried out independently in different sites using slightly dif-
ferent versions of the task and different populations, a point
that enhances their generalizability.

Attentional control mechanisms in monolingual
and bilingual language processing

The primary motivation for the current study was to use the
DRM paradigm as a method of interrogating language pro-
cessing in bilinguals and assessing how it differs from that of
monolinguals. The notion that bilingual language processing
routinely requires selection of target items from jointly acti-
vated and interfering competitors has led to the suggestion that
bilinguals may have an advantage relative to monolinguals in
selecting competitors from among jointly activated candi-
dates. However, the findings from Experiment 1 demonstrat-
ing increased susceptibility to phonological false memories
for bilinguals compared with monolinguals suggest that, at
least at the phonological level, bilingualism is not associated
with improved attentional control in language selection. If
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anything, the findings argue that bilinguals are at a disadvan-
tage relative to monolinguals in the face of competing phono-
logical activation.

What then might account for increased susceptibility to
phonological false memories in bilinguals? One possibility is
that bilinguals have a greater magnitude and/or increased
spread of activation at the phonological level. Similarly, it
may be that bilinguals demonstrate a greater reliance on pho-
nological information than semantic information. However,
we consider this explanation unlikely as most prior research
with bilinguals has shown reduced lexical activation com-
pared with monolinguals, at least as assessed with several
different language tasks (Friesen et al., 2016; Gollan &
Silverberg, 2001; see Bialystok, 2017, for review). Within
the context of current theories of DRM false memories, one
possible explanation for the increased level of phonological
false memories in bilinguals is that they are more reliant on
gist representations than are monolinguals. Increased levels of
false memory have been attributed to overreliance on gist
rather than verbatim representations in a number of other pop-
ulations, including children, older adults, and individuals with
Alzheimer’s disease (Brainerd & Reyna, 2002; Gomes et al.,
2014; Holliday et al., 2011; Obidzinski & Nieznanski, 2017).
We emphasize here that this suggestion remains speculative
until additional evidence is available to directly compare
monolinguals and bilinguals on their reliance on gist versus
verbatim representations. One way to test the possibility of
differential reliance on the two types of memory representa-
tions would be to manipulate factors such as list length that
have been shown to alter reliance on verbatim versus gist
representations (Jou, Arredondo, Li, Escamilla, & Zuniga,
2017). The prediction would be that differences in phonolog-
ical false memories between monolinguals and bilinguals
would be reduced (or eliminated) for shorter lists lengths.

In contrast to the results of Experiment 1, Experiments 2
and 3 found that bilinguals were less susceptible than
monolinguals to false memories produced by lists of se-
mantic associates. This was the predicted outcome from
IAR and was based on the idea that continually selecting
from activated representations in the two languages im-
proves bilinguals’ ability to select from a set of activated
lexical representations. However, the absence of an inter-
action between BAS and language group raises questions
about this interpretation. An improved ability to select
among coactivated representations would be most advan-
tageous for high BAS lists where demands on such a se-
lection mechanism would be greatest. Of course, it is pos-
sible that the manipulation of BAS was not sufficiently
strong to produce an interaction and more extreme differ-
ences between lists of high versus low BAS would reveal
such an interaction. Therefore, additional studies directly
comparing lexical activation and selection in the two
groups are required before we can make more definitive
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conclusions regarding attentional selection in monolin-
guals versus bilinguals based on findings from the DRM
paradigm.

One explanation for differences in semantic false memories
between monolinguals and bilinguals that the current findings
argue against is differences in the magnitude of initial seman-
tic activation. Lower levels of false memory could be ob-
served in bilinguals if initial levels of semantic activation were
reduced in this population compared with monolinguals.
However, if this were the case, we should have observed low-
er levels of correct recognition for studied items in
Experiments 2 and 3. That is, if initial activation of studied
items were reduced in bilinguals, they would be expected to
show lower levels of correct recognition (of studied items),
but monolinguals and bilinguals did not differ in correct rec-
ognition of studied items in either Experiment 2 or 3. It re-
mains possible, however, that differences in both the magni-
tude and extent that activation spreads throughout semantic
networks differs across the two language groups, contributing
to reduced semantic false memories in bilinguals.

Phonological versus semantic false memories

Although mechanisms mediating both semantic and phono-
logical false memories in the DRM paradigm remain a current
topic of investigation, the present findings are consistent with
prior literature suggesting that the two types of false memories
are generated by at least partially distinct mechanisms (Ballou
& Sommers, 2008; Chan et al., 2005; Watson et al., 2003). In
the current study, bilingualism was associated with an in-
creased susceptibility to phonological false memories, but a
reduced susceptibility to semantic false memories.

One potential limitation of the current study (for
Experiments 2 and 3 in particular) is that sample sizes were
somewhat smaller than in previous studies of both phonolog-
ical and semantic false memories. However, we note that sen-
sitivity analyses for each experiment indicated that power was
sufficient to detect the key effects of interest.

In summary, the present studies demonstrated that bilin-
gualism is associated with increased susceptibility to phono-
logical false memories, but reduced susceptibility to semantic
false memories. Although evidence for specific mechanisms
leading to this pattern will need to await more direct evidence
regarding mechanisms mediating the generation of false mem-
ories, the findings advance our understanding about differ-
ences between language processing in monolinguals and bi-
linguals. Bilinguals do not have a universal advantage on
memory tasks in which selective attention is required to avoid
false alarms to nonpresented items. Instead, the current find-
ings suggest that bilinguals and monolinguals likely differ at
both the phonological and semantic levels of processing. This
proposal illustrates that the type of error captured by the DRM
provides an ideal opportunity to advance our understanding of
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language processing in bilinguals and how it differs (or does
not differ) from that in monolinguals.
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