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Abstract

Purpose—The goal of this research was to examine whether phonological familiarity exerts
different effects on novel word learning for familiar vs. unfamiliar referents, and whether
successful word-learning is associated with increased second-language experience.

Method—Eighty-one adult native English speakers with various levels of Spanish knowledge
learned phonologically-familiar novel words (constructed using English sounds) or
phonologically-unfamiliar novel words (constructed using non-English and non-Spanish sounds)
in association with either familiar or unfamiliar referents. Retention was tested via a forced-choice
recognition-task. A median-split procedure identified high-ability and low-ability word-learners in
each condition, and the two groups were compared on measures of second-language experience.

Results—Findings suggest that the ability to accurately match newly-learned novel names to
their appropriate referents is facilitated by phonological familiarity only for familiar referents but
not for unfamiliar referents. Moreover, more extensive second-language learning experience
characterized superior learners primarily in one word-learning condition: Where phonologically-
unfamiliar novel words were paired with familiar referents.

Conclusions—Together, these findings indicate that phonological familiarity facilitates novel
word learning only for familiar referents, and that experience with learning a second language may
have a specific impact on novel vocabulary learning in adults.

Current cognitive theories suggest that information processing involves wide interactive
networks of activations both within and across the phonological and the semantic levels of
processing (e.g., Acheson, Postle, & MacDonald, 2010; McClelland & Elman, 1986;
Mirman, McClelland, & Holt, 2005; Rapp & Goldrick, 2000). Moreover, it is well known
that acquisition of new information is embedded within the existing system of knowledge
such that previous learning experiences constrain and guide subsequent learning (e.g., Finn
& Hudson Kam, 2008; Lany & Gémez, 2008; Reber, 1989). Yet, the questions of how
acquisition of forms interacts with acquisition of referents during lexical learning and of
whether previous learning experience can facilitate subsequent learning have rarely been
posed. The present study was motivated by two research questions: First, we examined
whether the effects of phonological familiarity on adults’ word learning dissociate for
familiar vs. unfamiliar referents. Second, we tested whether the degree of learning
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experience (operationalized as the degree to which learners were familiar with a second
language) was associated with adults’ word-learning performance.

Phonological Familiarity Effects in Novel Word Learning

Previous extensive work examining the effect of phonological familiarity on word-learning
suggests that learners retain phonologically-familiar material (i.e., material that conforms to
the phonological patterns of their language) more successfully than phonologically-
unfamiliar material (e.g., Ellis & Beaton, 1993; Gathercole & Baddeley, 1990; Gathercole,
Frankish, Pickering, & Peaker, 1999; Gathercole, Willis, Emslie, & Baddeley, 1991;
Papagno & Vallar, 1992; Service & Craik, 1993; Storkel, 2001; Storkel, Armbrister, &
Hogan, 2006). This relative ease of learning phonologically-familiar novel words (compared
to phonologically-unfamiliar novel words) is known as the phonological familiarity effect.
Phonological familiarity effects in word-learning have been localized to the involvement of
long-term phonological knowledge (both lexical and sub-lexical) in the acquisition process
(Gathercole & Baddeley, 1990; Service & Craik, 1993). In connectionist models of language
processing, phonological familiarity is equated with phonological frequency (e.g., Dell,
1988; Gupta & MacWhinney, 1997; Magnuson, et al., 2003; McClelland & Elman, 1986),
and phonological familiarity effects are construed in terms of resting-activation thresholds in
the lexical system (e.g., Gupta & MacWhinney, 1997; Storkel & Morrisette, 2002). That is,
sounds that are frequently encountered in the ambient language have higher resting-
activation thresholds than sounds that are rarely encountered. As a result, words that contain
commonly-encountered sound-sequences are benefited during processing and learning
compared to words that contain rarely-encountered sound-sequences. However, it is
presently unclear whether such phonological familiarity effects can be obtained when the
familiarity of the referent is also manipulated in the word-learning task.

Current theories of information processing strongly suggest that all learning and processing
is supported by interactive networks of activations across levels of processing (e.g.,
Acheson, Postle, & MacDonald, 2010; McClelland & Elman, 1986; Mirman, McClelland, &
Holt, 2005; Rapp & Goldrick, 2000; Rapp & Samuel, 2002). For example, the connectionist
models of lexical production propose that semantic and phonological aspects of a word are
activated simultaneously (e.g., Dell, Chang, & Griffin, 1999), and similarly, the
connectionist models of lexical perception posit interactive and bi-directional connections
between the semantic and the phonological processing levels (e.g., Plaut & Kello, 1999).
These interactive computational approaches to cognitive processing are theoretically
appealing because they reflect the bidirectional connectivity that characterizes human neural
processing (e.g., Felleman & Van Essen, 1991) and can account for the behavioral findings
in language processing. For example, Rapp and Samuel (2002) found that adults generated
missing words in sentences according to both the semantic and the phonological features of
the preceding linguistic context. Similarly, Acheson, Postle, and MacDonald (2010) found
that the phonological similarity effect on a list memory task (where participants had to recall
previously-presented words), was stronger for concrete words than for abstract words.
Therefore, it seems clear that in lexical processing, the phonological and the semantic
information levels interact. However, such interactive cognitive theories have rarely been
applied to questions regarding lexical learning. In the present study, we tested adult learners’
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ability to establish connections between novel words and their semantic referents. We aimed
to examine both the phonological and the semantic influences on lexical learning within the
connectionist framework of language processing by testing whether phonological familiarity
effects (better retention of phonologically-familiar than of phonologically-unfamiliar novel
words) would diverge for familiar referents (pictures of familiar animals) and unfamiliar
referents (pictures of unfamiliar aliens). Manipulating phonological familiarity across the
different levels of referent familiarity also enabled us to examine the effects of previous
second-language learning experience on word-learning in the different word-learning
conditions.

Effect of Learning Experience on Learning

It is understandable that increased experience with a particular set of words improves their
retention. What is less clear is whether increased learning experience exerts a broad
facilitation effect on learning of information that has not been specifically trained. Although
the idea that learning begets learning is not new, demonstrating generalization effects in
learning has not been easy. Some evidence for such effects of prior learning experience on
subsequent learning comes from studies that have shown that experience with multiple
languages can facilitate adults’ ability to acquire novel words (e.g., Kaushanskaya, 2012;
Kaushanskaya & Marian, 2009a; 2009b; Kaushanskaya & Rechtzigel, in press; Papagno &
Vallar, 1995; Van Hell & Mahn, 1997). For example, highly experienced learners (defined
as adults who have acquired three or more languages) were found to outperform
inexperienced learners (defined as speakers of a single language) on simple word learning
tasks where foreign vocabulary items were paired with native-language translations (e.g.,
Papagno & Vallar, 1995; Van Hell & Mahn, 1997). However, because nearly all previous
studies have tested highly proficient, lifelong multilingual speakers, it remains unknown
what specific aspects of acquiring a second language yield the broad advantages for
learning. Moreover, because all previous studies tested learning using one particular word-
learning paradigm where novel words were taught in association with their native-language
translations, it remains unknown whether the effects of prior learning experience on
subsequent learning generalize to other learning scenarios. The manipulation of
phonological and referent familiarity in the present study enabled us to examine the effects
of prior learning experience on word-learning across different learning conditions. The
inclusion of participants with variable levels of second-language knowledge enabled us to
examine the specific factors associated with L2 acquisition that would lead to learning
advantages observed in experienced learners.

In selecting the variables associated with the second language (L2) experience that would be
characteristic of successful word-learners, we relied on the available theoretical knowledge
regarding L2 acquisition, and specifically on the factors known to lead to successful L2
acquisition in adults. Age of L2 acquisition (A0A, e.g., Hyltenstam & Abramsson, 2003) in
particular has emerged as an important factor in predicting the success of second-language
acquisition. For instance, a robust relationship exists between the age at which a learner was
exposed to L2 and the ultimate L2 attainment level (e.g., Birdsong, 2005; Birdsong & Molis,
2001; Johnson & Newport, 1989). Although the precise nature of this relationship is still
debated (e.g., Bialystok & Hakuta, 1999; Johnson & Newport, 1989), the finding that earlier
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exposure to the second language leads to more successful L2 acquisition is well established
(e.g., Birdsong, 2005; Flege, Yeni-Komishian, & Liu, 1999).

The role of L2 proficiency in shaping the effects of bilingualism on cognition has also been
documented. For example, the degree of L2 proficiency modulates the extent to which the
two languages in the bilingual cognitive system interact (e.g., Blumenfeld & Marian, 2007),
as well as the extent to which bilingualism affects cognitive processing (e.g., Bialystok &
Feng, 2009). There is also evidence that the degree to which a learner is immersed in the L2
(e.g., Carroll, 1967; Flege et al., 1999), the extent of L2 exposure (e.g., Birdsong, 2005;
Genesee, 1985; Kohnert, Bates, & Hernandez, 1999; Weber-Fox & Neville, 1999), and the
extent of ongoing L2 use (e.g., Flege, MacKay, & Piske, 2002; Jia et al., 2002) influence
attained L2 competence. In the present study, we examined whether superior word-learners
would be characterized by increased experiences with a second language, and
operationalized L2 experience in terms of dimensions previously identified as relevant to L2
competence, including: (1) age of L2 acquisition; (2) L2 proficiency and L2 preference; and
(3) extent of current L2 immersion across various contexts.

The Current Study

In the current study, we tested learners’ ability to establish connections between novel
phonological wordforms and their semantic referents, and examined the effects of
phonological familiarity on novel word learning across two levels of referent familiarity:
Familiar referents and unfamiliar referents. We also examined whether more successful
word-learners would be characterized by increased experience with a second language. In
accordance with theories of lexical processing that construe the interaction between the
phonological and the semantic levels of information as mutually reinforcing and
bidirectional (e.g., Dell, Chang, & Griffin, 1999), and in accordance with previous findings
of phonology-semantics interactions in lexical processing (e.g., Acheson, Postle, &
MacDonald, 2010), we predicted that phonological familiarity effects in learning would be
stronger for familiar referents than for unfamiliar referents. We reasoned that presentation of
familiar (but not of unfamiliar) referents would activate the phonological, lexical, and the
semantic systems of the native language. If phonological and semantic levels of processing
interact during lexical learning, presentation of familiar phonological information would
resonate stronger with the other levels of processing for familiar referents than for
unfamiliar referents, yielding stronger phonological familiarity effects during learning.

We manipulated phonological familiarity in a binary manner, where novel words that were
phonologically-familiar contained phonemes that were part of the English inventory (the
native language for all participants), and the novel words that were phonologically-
unfamiliar contained phonemes that were not part of the English phonemic inventory (i.e.,
they were perceptually different from any phoneme in English). Thus, we were able to
manipulate phonological familiarity in a categorical manner that reflected an ecologically-
viable distinction between learning new words in one’s native language vs. an unfamiliar
foreign language. This type of phonological-familiarity manipulation, where novel words
containing only familiar-native phonemes (+P novel words) were contrasted with novel
words containing unfamiliar-foreign phonemes (=P novel words) has been shown to yield
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phonological familiarity effects in word-learning (e.g., Kaushanskaya, 2012; Kaushanskaya
& Yoo, 2011; Kaushanskaya, Marian, & Yoo, 2011; Morra & Camba, 2009). Because we
aimed to ensure that the phonological familiarity manipulation would not be affected by
experience with a language where our unfamiliar phonemes would in fact be familiar to the
learners, we limited the participants only to those who had experience with Spanish, and
constructed the phonologically-unfamiliar novel words to include phonemes that would not
occur in either the English or the Spanish phonetic inventory. That is, the unfamiliar
phonemes would be unfamiliar to speakers of English and to speakers of Spanish. Therefore,
any effects of experience with Spanish observed in our data should not be rooted in the
experience with Spanish per se, and instead, should be a reflection of increased learning
experience, in general.

Because we manipulated phonological familiarity as a categorical variable (familiar-native
vs. unfamiliar-foreign), we manipulated referent familiarity in a similarly dichotomous
manner. Participants acquired phonologically-familiar or phonologically-unfamiliar novel
words in association with pictures of familiar animals (e.g., squirrel, lion, etc.) vs. pictures
of unfamiliar aliens. This ensured that in both learning conditions, learners were exposed to
meaningful categories (animals and aliens). A similar approach to manipulating referent
familiarity was undertaken by Barcroft and Sunderman (2008), who taught adult participants
novel words in association with either the pictures of real objects or with the pictures of non-
objects. We predicted that phonological familiarity effects would be stronger when the novel
words were learned in association with familiar referents than with unfamiliar referents.

In order to examine the association between second-language experience and word-learning,
we median-split the learners into high-ability and low-ability learners based on their
performance on the retention measure for each of the word-learning conditions. The
participants had varying levels of experience with Spanish as the second language. The
aspects of L2 experience which have been shown to predict L2 performance, including age
of L2 acquisition (e.g., Hyltenstam & Abramsson, 2003), L2 proficiency and preference
(e.g., Blumenfeld & Marian, 2007), and L2 exposure (e.g., Carroll, 1967; Flege, Frieda, &
Nozawa, 1997; Flege et al., 1999), were used as the dependent variables, and word-learning
performance (more successful vs. less successful) was used as a grouping, independent
variable. We hypothesized that if any of these experiences are key in the formation of
bilingual advantages for learning, superior word-learners would be characterized by
increased values on these dimensions of L2 experience.

Participants

Eighty-one participants were recruited from the undergraduate student population of the
University of Wisconsin-Madison. Forty participants (17 males) were randomly assigned to
learn phonologically-familiar novel words (+P), and 41 participants (18 males) were
assigned to learn phonologically-unfamiliar novel words (—P). The two groups were tested
on a range of linguistic and cognitive measures to ensure comparability. In addition, all
participants were required to fill out the Language Experience and Proficiency
Questionnaire (Marian, Blumenfeld, & Kaushanskaya, 2007), which was used to ensure that
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all participants acquired English as their native language, and that the only type of second-
language experience was associated with exposure to Spanish.

Standardized Testing—Each participant was administered an extensive battery of
language and cognitive tests. Receptive vocabulary skills were measured using the Peabody
Picture Vocabulary Test 111 (PPVT-I11; Dunn & Dunn, 1997), and expressive vocabulary
skills were measured using the Expressive Vocabulary Test (EVT; William, 1997).
Participants’ reading abilities were measured using the Reading Fluency sub-test of the
Woodcock-Johnson Tests of Achievement-11 (Woodcock, McGrew, & Mather, 2001). Short-
term memory was measured using the Digit Span and the Nonword Repetition subtests of
the Comprehensive Test of Phonological Processing (CTOPP; Wagner, Torgesen, &
Rashotte, 1999). Working memory was measured using the Backward Digit Span Subtest of
the Woodcock Johnson Tests of Cognitive Abilities-11. Participants’ spatial and visual skills
were measured using the Spatial Relations and the Visual Matching sub-tests of the
Woodcock-Johnson Tests of Cognitive Ability-11 (Woodcock, McGrew, & Mather, 2001).
Both subtests index non-verbal intelligence. The precise values associated with participants’
linguistic and cognitive performance can be found in Table 1. Independent-samples t-tests
were used to compare the participants assigned to the +P condition and the participants
assigned to the —P condition on demographic characteristics to confirm that random
assignment to condition yielded comparable groups of participants. The two groups of
participants did not differ with regards to demographic information, performance on English
language tasks, non-linguistic cognitive measures, and phonological memory measures (all p
values > 0.1).

Self-reported L2 Experience—Every participant self-identified as a native speaker of
English. Spanish was the second language for every participant who reported an L2-learning
experience. The Language Experience and Proficiency Questionnaire (LEAP-Q; Marian,
Blumenfeld, & Kaushanskaya, 2007) was used to elicit data regarding each participant’s L2
experiences. The LEAP-Q was developed to enable researchers to collect valid and reliable
self-reports of language ability from multilingual unimpaired adult participants. The self-
ratings of the various L2 experiences on the LEAP-Q have been found to be highly
congruent with the objective measures of language ability (Marian, Blumenfeld, &
Kaushanskaya, 2007). In the present study, participants reported the age at which Spanish
was acquired, self-rated Spanish proficiency across the domains of speaking, understanding,
and reading, and identified the extent to which they were currently exposed to Spanish
across various context (including in conversations with friends; in family contexts; while
watching TV; etc.). The precise self-reported values associated with L2 experience can be
found in Table 2. Independent-samples t-tests were used to compare the participants
assigned to the +P condition and the participants assigned to the —P condition on L2
characteristics. The two groups did not differ in self-reported L2 experiences (all p values >
0.1). Therefore, random assignment of participants to groups was successful in eliminating
any potential discrepancies in L2 experiences across the two groups.
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Auditory Stimuli—Phonologically-familiar (+P) novel words were selected from a set of
nonword stimuli developed by Gupta et al. (2004). The nonwords in this database are
controlled for phonological properties, and come in sets that are equated for consonant-onset
characteristics and neighborhood density. For our task, we chose 24 pairs of bi-syllabic
English pseudowords that all followed a CVCVC syllable structure. The pairs were matched
on length, stress patterns, phonotactic probability, and phonological neighborhood density.
Phonologically-unfamiliar (—=P) stimuli were constructed by modifying the 24 pairs of
nonwords selected for the +P condition to include non-English phonemes. Five non-English
consonants (/y/, It/, 14/, 1z/, Ir/) and four non-English vowels (/i/, /y/, lo:/, jal) replaced
English consonants and vowels in phonologically-familiar words. A similar procedure was
used successfully before with both children (e.g., Morra & Camba, 2009) and with adults
(e.g., Kaushanskaya & Yoo, 2010) to precisely manipulate the phonological familiarity of
the novel words. Crucially, the non-English sounds used to construct the phonologically-
unfamiliar novel words in the present study are not characteristic of the phonemic inventory
of Spanish. The number of non-English phonemes per word was matched across the pairs of
words in each of the two lists of novel words. See Appendix A for the full list of the
auditory stimuli used in the current study.

All the auditory stimuli were recorded by a native female speaker of English and edited to
match in duration and intensity. The female speaker chosen to record the stimuli was a
native speaker of English, with no working knowledge of Spanish. Prior to the recording
session, she was extensively trained on the pronunciation of all the novel words. All the
stimuli were recorded in the sound-proof booth at 20kHz sampling rate, and were
normalized to 70dB amplitude using Praat. These auditory stimuli were piloted with ten
monolingual English-speaking adults and 10 English-Spanish bilingual adults who did not
participate in the main experiment. Pilot participants listened to each nonword (with
presentation of +P and —P novel words blocked and order of block presentation
counterbalanced across participants), and were asked to rate each novel words on a Likert
scale where 1 was equal to “does not sound like a possible English word” and 7 was equal to
“sounds like a possible English word.” —P stimuli were rated as significantly less “English-
sounding” (M = 2.14, SD = 1.45) than +P stimuli (M = 6.21, SD = 2.24), p< 0.01, and no
differences were found between ratings obtained from monolingual and bilingual speakers
(p>0.1).

Visual Stimuli—Twenty-four pictures of familiar animals were chosen from the
International Picture Naming Database (Székely et al., 2004) for the familiar-referent (+R)
task. Twenty-four pictures of unfamiliar aliens were chosen from Gupta et al. (2004)
database for the unfamiliar-referent (—-R) task. The alien stimuli developed by Gupta et al.
(2004) were designed to represent a meaningful category with each individual exemplar
having no preexisting individual name. The original database included 144 alien stimuli that
were constructed to vary along three dimensions: head shape, appendage type, and number
of arms. The 24 alien pictures we selected were chosen to be maximally distinct from each
other (i.e., any two pictures did not share more than one attribute). All visual stimuli were
black-and-white pictures that were matched in size, shading and thickness of lines.
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The data regarding the pictures’ visual complexity were collected from thirty-two
monolingual adult speakers of English who did not participate in the main experiment.
Visual complexity ratings were collected based on a procedure established by Snodgrass and
Vanderwart (1980) that was successfully used to index visual complexity by a number of
previous studies (e.g., Alario & Ferrand, 1999; Forsythe, Mulhern, & Sawey, 2008;
Himmanen, Gentles, & Sailor, 2003). Each participant was asked to rate the visual
complexity of each picture (animal and alien) on a scale from 1 (very simple) to 7 (very
complex). Participants were instructed to rate the complexity of the drawing itself (rather
than the real-life correlate it represented) based on the amount of detail and the intricacy of
lines in the picture. Animal and alien pictures were presented in separate blocks, with order
of pictures in a block randomized for each participant, and order of block-presentation
counterbalanced across participants. This manner of presentation reflected the learning
procedure, where novel words were taught in association with animals vs. aliens in two
different sessions.

The norming procedure indicated that animal pictures were rated as less visually-complex
(M =3.94, SD =1.17) than alien pictures (M = 4.63, SD = 0.92), t (46) = 2.64, p = 0.03. This
finding was not surprising since visual complexity tends to be confounded with familiarity
(e.g., Alario & Ferrand, 1999; Snodgrass & Vanderwart, 1980), with pictures that are less
familiar also judged to be more visually complex. Because animal and alien pictures differed
in visual complexity ratings, the analyses of word-learning data were conducted separately
for familiar referents (animals) and unfamiliar referents (aliens).

Teaching Phase—In both the +P and the —P groups, participants learned 24 novel words
paired with familiar referents (animals), and 24 novel words paired with unfamiliar referents
(aliens) in two different learning sessions scheduled at least one week apart. The
presentation of animals vs. aliens was blocked. The order of presentation (animals vs. aliens
first) was counterbalanced across participants; similarly, novel-word lists were
counterbalanced across participants (i.e., half of the participants learned list A in association
with animals and list B in association with aliens, and half of the participants did the
reverse). For all learning trials, participants heard the novel word presented twice via
headphones, and saw the corresponding picture in the middle of the computer screen. The
picture remained on the screen for 6 seconds. Participants were directed to memorize the
novel words and their meanings; participants were also instructed to not say anything out
loud during the learning procedure.

Testing Phase—Immediately after the learning phase, participants were tested on their
memory for the novel words using a forced-choice recognition task. Participants were
presented with an array of four pictures (animals or aliens), and were instructed to pick a
picture that corresponded in meaning to the novel word that was paired with it at learning.
The position of the correct picture on the display varied randomly across trials. The foils
were all pictures presented at learning. Participants were instructed to match the correct
picture to the novel word as quickly as possible. The accuracy on the forced-choice
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recognition task was indexed by proportion of correctly identified pictures out of the total of
24 trials.

Standardized Testing and L2-Experience Questionnaire—The standardized
measures were administered to each participant in a random order, across the two sessions.
Participants filled out the Language Experience and Proficiency Questionnaire (LEAP-Q;
Marian, Blumenfeld, & Kaushanskaya, 2007) prior to the first testing session, to ensure their
status as native English speakers with experience of learning Spanish as the second
language.

Two sets of analyses were conducted. First, to examine the effects of phonological
familiarity on novel word-learning at different levels of referent familiarity, forced-choice
recognition-accuracy data were analyzed using independent-samples t-tests, with
phonological familiarity (+P vs. —P) as the between-subjects independent variable. Both by-
subject (t1) and by-item (t) analyses were conducted, in order to confirm that the effects
generalized across all the participants as well as across all the stimuli. Partial 72 (or npz)
indexed the effect size in the t-tests. The interpretation of npz relies on the following cut-
offs: the minimum effect size representing a significant effect should be at least 0.04; 77p2 of
0.25 represents a moderate effect; and 77p2 of 0.64 represents a strong effect (Ferguson,
2009).

Second, to examine what second language (L2) experiences characterized superior word-
learners, a median split designated high-accuracy and low-accuracy learners on the forced-
choice recognition task. For each word-learning condition, independent-samples t-tests
compared the high-performance to the low-performance participants with group as the
independent between-subjects variable. The aspects of participants’ L2 acquisition history
were entered as the dependent variables. These variables were: Age of L2 Acquisition;
ratings of L2 proficiency and L2 preference; ratings of L2 exposure across various contexts.
Analyses were conducted by-subject because L2 experiences are meaningful only at the
participant level.

Forced-choice recognition-accuracy analyses

Forced-choice recognition accuracy rates were first compared against chance performance,
defined at 0.25. Accuracy rates in the familiar referent condition were found to be above
chance levels, both for the phonologically-familiar novel words (t (23) = 24.57, p < 0.0001)
and the phonologically-unfamiliar novel words (t (23) = 18.80, p < 0.0001). Similarly,
accuracy rates in the unfamiliar referent condition were found to be above chance levels,
both for the phonologically-familiar novel words (t (23) = 7.63, p < 0.0001) and the
phonologically-unfamiliar novel words (t (23) = 11.08, p < 0.0001).

Forced-choice recognition accuracy data were further analyzed using independent-samples t-
tests with phonological familiarity (+P vs. —P) as the between-subjects independent variable.
These comparisons revealed that when learning novel words for familiar referents (animals),
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participants benefited from phonological familiarity associated with the novel words, with
phonologically-familiar novel words (M = 0.68, SD = 0.08) recognized more accurately than
phonologically-unfamiliar novel words (M = 0.60, SD = 0.09). This effect was significant by
subject (t1 (80) = 2.12, p < 0.05, 7,2 = 0.05) and by item (t, (47) = 2.77, p< 0.05, 732 =
0.25). However, when learning novel words associated with unfamiliar referents (aliens),
participants were equally accurate at matching phonologically-familiar (M = 0.43, S =
0.13) and phonologically-unfamiliar (M = 0.44, SD = 0.08) novel words to their
corresponding pictures. The effect of phonological familiarity for unfamiliar referents was
not significant either by subject (t1 (80) = 0.31, p=0.76, r]pz =0.001) or by item (to (47) =
0.29, p=0.78; npz = 0.004). See Figure 1 for the visual representation of these results.

L2-related experience analyses

In order to examine whether L2 experience characterizes high-ability learners in each word-
learning condition, independent-samples analyses were conducted with group (high-ability
vs. low-ability) as a between-subjects independent variable. The median-split procedure
based on forced-choice recognition-accuracy data was used to divide participants into high-
ability and low-ability groups for each word-learning condition. The median-split procedure
was undertaken separately for each condition, and different sub-groupings of high-ability
and low-ability learners were identified for each condition. The L2-experience-related data
served as dependent variables.

+P+R Condition—To confirm that the median-split procedure yielded significant
differences in word-learning performance across the high-ability (n = 22) and the low-ability
(n = 18) groups, we conducted independent-samples t-tests. These comparisons showed that
the high-ability group (M = 0.80, SD = 0.09) outperformed the low-ability group (M = 0.53,
D = 0.10) on the forced-choice recognition measure, t (38) = 9.02, p < 0.001. High-ability
and low-ability learners in the +P+R Condition did not differ on any L2-related
characteristics (all p>0.1).

+P-R Condition—To confirm that the median-split procedure yielded significant
differences in word-learning performance across the high-ability (n = 19) and the low-ability
(n=22) groups, we first contrasted the two groups on the forced-choice recognition
measure. Independent-samples t-tests confirmed that the high-ability group (M = 0.59, D =
0.13) outperformed the low-ability group (M = 0.29, SD = 0.10), t (40) = 8.60, p < 0.001.
Independent-samples t-tests that contrasted high-ability and low-ability participants on L2-
related data yielded no significant differences between the two groups on any measure
associated with L2 experience (all p > 0.1).

—P+R Condition—To confirm that the median-split procedure yielded significant
differences in word-learning performance across the high-ability (n = 20) and the low-ability
(n=21) groups, we first contrasted the two groups on the forced-choice recognition
measure. Independent-samples t-tests confirmed that the high-ability group (M = 0.76, SD =
0.11) outperformed the low-ability group (M = 0.44, D = 0.07), t (40) = 10.70, p < 0.001.
Independent-samples t-tests that contrasted high-ability and low-ability participants on L2-
related data yielded a number of significant differences between the high-ability and the
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low-ability groups in the L2-experience domain. Specifically, the high-ability group was
characterized by higher degree of current L2 exposure (t (40) = 2.16, p < 0.05), higher self-
rated preference to speak L2 (t (40) = 2.24, p < 0.05), higher self-rated L2 speaking
proficiency (t (40) = 2.20, p < 0.05), as well as by higher extent of current exposure to
television (t (40) = 2.60, p < 0.01), radio/music (t (40) = 2.69, p < 0.01), and reading (t (40)
=2.12, p<0.05) in the L2. For the exact values associated with these comparisons, see
Table 3.

-P-R Condition—To confirm that the median-split procedure yielded significant
differences in word-learning performance across the high-ability (n = 21) and the low-ability
(n=18) groups, we first contrasted the two groups on the forced-choice recognition
measure. Independent-samples t-tests confirmed that the high-ability group (M = 0.57, S =
0.15) outperformed the low-ability group (M =0.29, SD = 0.07) on the matching-accuracy
measure, t (38) = 7.39, p < 0.001. Independent-samples t-tests that contrasted high-ability
and low-ability participants yielded only a single significant difference between the two
groups. Specifically, high-ability participants in the —P-R condition reported higher L2
reading preference (M = 4.42, SD = 7.36) than the low-ability participants (M = 0.25, SD =
0.58), 1 (38) = 2.26, p < 0.05.

Discussion

In the present study, we tested adult learners’ ability to establish connections between novel
words and their semantic referents, and examined the effect of phonological familiarity on
novel word learning at different levels of referent familiarity. We also tested the role of
second-language experiences in adults” word-learning performance. We manipulated
phonological familiarity in a categorical manner, and contrasted the learning of
phonologically-familiar and of phonologically-unfamiliar novel words in association with
pictures of familiar referents and unfamiliar referents. We also tested whether increased
learning experience gained through exposure to a second language would characterize high-
ability learners. The findings revealed that phonological familiarity exerted a stronger effect
on novel word learning when novel words were acquired in association with familiar
referents (e.g., bomoug - “lion” vs. bo:mo: x - “lion”) than when they were acquired in
association with unfamiliar referents. The results also showed that L2 experiences were
characteristic of high-ability learners primarily in one word-learning condition: Where
participants were taught phonologically-unfamiliar novel words in association with familiar
referents.

The phonological familiarity effect observed here is broadly in line with previous studies
that have documented facilitation effects associated with phonological familiarity (e.g.,
Roodenrys & Hinton, 2002; Storkel, 2009; Storkel, Armbrister, & Hogan, 2006; Vitevitch,
2002). However, we observed significant phonological familiarity effects in the forced-
choice recognition-accuracy data only for the familiar-referents condition, and not for the
unfamiliar-referent condition. This finding is likely an outcome of the cascading activation
dynamics in the lexical system, and is consistent with the theoretical models of language
processing that envision interactive activation dynamics between the different levels of the
lexical system (e.g., Dell, Chang, & Griffin, 1999; Plaut & Kello, 1999). When semantic
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information associated with the familiar referents is activated, their phonological forms are
likely to be activated as well, thus galvanizing the native-language phonological network,
and enabling phonological familiarity to exert its effects. In the case of unfamiliar referents,
the pictures of aliens would not activate the native-language lexical-semantic system or the
native-language phonological network, thus yielding flat effects of phonological familiarity
in the unfamiliar referent condition.

The current findings suggest that phonological familiarity effects in novel word learning are
more likely to emerge when the novel word maps onto a referent that has a salient lexical-
semantic representation in the native language. This interpretation of stronger phonological
familiarity effects in the familiar referent condition is in line with previous studies where
interactions between the phonological and the semantic levels of the cognitive system have
been found (e.g., Acheson, Postle, & MacDonald, 2010; McClelland & Elman, 1986;
Mirman, McClelland, & Holt, 2005; Rapp & Goldrick, 2000; Rapp & Samuel, 2002).
However, it is important to note that the patterns of findings observed here may be specific
to word-learning situations where retention is probed using forced-choice recognition
measures. It has been suggested that recognition-based retention measures like the one used
here primarily assess the ability to retrieve conceptual information associated with the
stimulus rather than the ability to retrieve phonological information associated with the
stimulus (e.g., Storkel & Maekawa, 2005). Therefore, it is possible that testing measures like
naming, that probe the ability to retrieve the phonological wordform (for example, picture
naming) would be less susceptible to phonological/referent familiarity interactions effects
than testing measures like forced-choice recognition task used in the present study.
Moreover, experimental studies of word learning indicate that comprehension-based
retention measures are generally easier than production-based retention tasks (e.g., Hahn &
Gershkoff-Stowe, 2010; Kaushanskaya & Yoo, 2011). Simply put, comprehension places
fewer demands on the learner than production. While production requires the learner to
generate a response, comprehension requires the learner to identify the correct response
given several options. Thus, there has to be a stronger activation of the word to enable
successful production (e.g., Capone & McGregor, 2005). It is possible that the difficulty
level of the retrieval task affects the robustness of phonological familiarity effects during
word learning, and that relatively easy tasks like the recognition measure used here are more
sensitive to the phonology-semantics interactions than the more demanding tasks. Future
work would need to contrast a recognition measure with a production measure in order to
examine whether the phonological familiarity/referent familiarity interaction observed in the
present work would generalize to other measures of lexical retention.

The manipulation of phonological familiarity across the different levels of referent
familiarity enabled us to examine the effects of L2-acquisition experience on word-learning
in different learning conditions. We observed that successful performance on one learning
task in particular (where phonologically-unfamiliar novel words were learned in association
with familiar referents) was linked with increased L2 experience. Specifically, when learners
in the —P+R condition were split into a high-ability and a low-ability subgroups, the high-
ability learners were found to have more L2-related experiences than the low-ability
learners. Although higher L2 experience also characterized high-ability learners in the -P-R
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condition, the effect was limited to a single L2-related variable (namely, L2 reading
preference). Moreover, no L2-related variables appeared to characterize high-ability learners
in the two phonologically-familiar word-learning scenarios. Therefore, increased L2
experience was associated with superior word-learning when the learning task most
resembled L2 acquisition, i.e., where phonologically-unfamiliar words were learned in
association with familiar referents.

The finding that the L2 experience may be associated with improved word-learning is
consistent with previous research that observed facilitation effects of bilingualism for novel
word learning (e.g., Kaushanskaya & Marian, 2009; Papagno & Vallar, 1995). Moreover,
this finding suggests that experience with a second language does not necessarily have to
result in full bilingualism to exert a facilitation effect on word-learning, as the vast majority
of the participants in the current study were not fully bilingual. However, the finding that L2
experience is associated with improved learning for only one of the word-learning
conditions is somewhat at odds with previous studies on the bilingual effects in word-
learning. There is at least one study where a significant facilitation effect of bilingualism
was observed when phonologically-familiar novel words were learned in association with
familiar referents (e.g., Kaushanskaya, 2012). The conclusion was that bilingualism
facilitates learning in general, and that the effects of bilingualism on word learning are not
constrained by the phonological properties of the novel words. If this is indeed the case, why
was L2 experience associated primarily with learning in a —=P+R word-learning condition in
the present study? It is possible that while bilingualism exerts a general facilitation effect on
learning, the effects of L2-related experiences on learning are more constrained. That is, it
may be that only full bilingualism yields general learning effects, with any learning
facilitated by bilingualism. However, it is likely that one does not need to be fully bilingual
in order for the effects associated with second language acquisition to facilitate the learning
process. These effects may be significantly restricted, and only reveal themselves in learning
situations that resemble L2 acquisition. That is, a smaller degree of learning practice (as a
result of L2 exposure that has not resulted in full bilingualism) may also facilitate learning
but only in situations that have been practiced. In the future studies, it may therefore be
productive to consider the effects of bilingualism on word-learning in a graded manner
rather than the categorical manner.

The examination of multiple factors associated with L2 experiences enabled us to begin
pinpointing the precise aspects of second language acquisition that may lead to the overall
learning benefits. In selecting the L2-experience factors, we were guided by the extensive
literature on the role of age of L2 acquisition (Birdsong, 2005; Birdsong & Molis, 2001;
Flege, Yeni-Komishian, & Liu, 1999; Johnson & Newport, 1989), L2 proficiency (e.g.,
Bialystok & Feng, 2009; Blumenfeld & Marian, 2007), and extent of current L2 exposure
(e.g., Carroll, 1967; Birdsong, 2005; Genesee, 1985; Kohnert, Bates, & Hernandez, 1999;
Weber-Fox & Neville, 1999) in second-language processing. We reasoned that the L2-
related factors that would characterize high-ability learners study would be crucial to
engendering the positive effects of L2 experience on subsequent learning. Only one factor
was revealed to characterize high-ability learners in two word-learning conditions — that of
L2 preference. The high-ability learners in the —P+R condition were found to have higher
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preference for speaking L2 than the low-ability learners, and the high-ability learners in the
—P-R condition were found to have higher preference for reading L2 than the low-ability
learners. Language preference indexes a speaker’s subjective feelings towards a particular
language (e.g., Marian & Neisser, 2000), and in the present study, participants who reported
high levels of L2 preference may have been especially motivated to learn a foreign
language. Therefore, it is possible that this variable factored into improved word-learning
performance in the —P+R and the —P-R conditions because these conditions resembled
foreign language acquisition the most.

In contrast to the —P-R condition, improved word-learning performance in the -P+R
condition was associated not only with increased preference for the L2, but also with higher
degree of current L2 exposure, higher self-rated L2 speaking proficiency, and higher extent
of self-reported current exposure to television, radio/music, and reading in the L2. These
variables indexed the extent to which participants were comfortable with Spanish, and the
degree to which they were immersed in Spanish at the time of the study. Therefore, our
findings indicate that superior word-learning performance in the —P+R condition (the
condition that most closely resembles second language acquisition) is associated with
increased exposure to the second language. Conversely, earlier age of L2 acquisition was not
associated with superior word-learning performance. This finding was unexpected as earlier
L2 acquisition has been linked to both successful L2 use, and to stronger bilingual
advantages. For example, Luk, De Sa, and Bialystok (2011) found stronger bilingual
advantages on a cognitive control task in early bilinguals (adults who acquired their second
language prior to 10 years of age) than in late bilinguals (adults who acquired their second
language after 10 years of age). Perhaps earlier acquisition of a second language (and thus a
more protracted period of bilingual language usage) is crucial to the formation of bilingual
advantages for cognitive control, while more extensive L2 exposure and higher L2
proficiency are crucial to the formation of bilingual advantages for lexical learning.

One limitation of this study is its inability to examine the effects of referent familiarity on
novel word learning. The categorical manipulation of referent familiarity obligated us to use
two sets of pictures that differed from each other not only in their familiarity, but also in
their visual complexity. Although it is possible to match two sets of familiar pictures on
measures of visual complexity (e.g., Donderi, 2006; Szekely & Bates, 2000), it is difficult to
match a set of unfamiliar pictures and a set of familiar pictures on visual complexity. This is
because visual complexity and familiarity ratings are confounded with each other in picture
processing (e.g., Alario & Ferrand, 1999; Snodgrass & Vanderwart, 1980). Future studies in
this line of research may be able to directly account for the visual complexity characteristics
of the picture stimuli by manipulating referent familiarity in a graded rather than continuous
manner, and by using only familiar referents or only unfamiliar referents to represent the
referent familiarity continuum. For example, one way in which referent familiarity has been
conceptualized in previous research was through the use of semantic associates (e.qg.,
Buchanan, Westbury, & Burgess, 2001; Nelson, McKinney, Gee, & Janczura, 1998; Nelson,
Schreiber, & McEvoy, 1992; Storkel & Adlof, 2009; Yates, Locker, & Simpson, 2003).
Future studies may be able to use a similar approach and manipulate phonological
familiarity in novel word learning by pairing phonologically-familiar and phonologically-
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unfamiliar novel words with pictures of unfamiliar objects that are matched in visual
complexity but that differ in their semantic set size.

In conclusion, the present study documented phonological familiarity effects in novel word
learning, but only when the novel words were associated with familiar referents, and not
when they were associated with unfamiliar referents. The findings also revealed that high
word-learning ability was associated with increased levels of L2-experience, albeit primarily
in the word-learning condition that most resembled second-language acquisition. We
interpret these findings within interactive models of lexical processing and learning, where
the resemblance of the novel word to known words at the multiple levels of the system can
facilitate retention, and where practice with learning through L2 acquisition can facilitate
retention of unpracticed items, possibly through mobilizing the existing lexical-semantic
network to learn more efficiently.
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Appendix: Phonologically-Familiar and Phonologically-Unfamiliar Novel

Words

Phonologically-Familiar Novel Words  Phonologically-Unfamiliar Novel Words

List A List B List A List B
1 bomoyg trmok bo:mo:y timo:k
2 bakees botif bo:keez, bo:tif
3 tarinaf gaebek tinaf yjabek
4 dulek tikes dylek tekez,
5 tilog darnum telor dinym
6 pateb tebon pytaeb tebo:n
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Phonologically-Familiar Novel Words

Phonologically-Unfamiliar Novel Words

~

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

List A
koynoyv
disat
geetik
pigor
gaesen
konit
gergek
bidas
tetnom
tersol
dunem
tikis
garlet
ternik
dosin
dobern
karserd

kotin

ListB
kadail
bertal
bites
tasen
basim
kerfern
gerpum
boseeg
poysof
derniv
pouseg
boynid
darss
pirak
pertol
Kinary
toysoyt

parnit

List A
ko:no:v
dezy{
yiatik
piroR
XRZEN
ko:nit
yjayxek
bedo:z,
tjano:m
tjazo:l
dynem
tekiz,
yilet
tjanik
do:zin
do:bjan
kizjad
ko:tin

ListB
kydil
bjatyl
bitiz,
tyzen
baezim
kjafjan
xapym
bozjay
po:zo:f
djaniv
pO:7EY,
bo:nid
dizz
piryk
pjato:l
Kinir
to:z0:t

parnit
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Figure 1.
Forced-choice recognition-accuracy comparisons across the four word-learning conditions

(+P+R; +P-R; —P+R; and —P-R). Significant differences between conditions at p < 0.05 are
marked by an asterisk.
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Table 1
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Participant Characteristics in Phonologically-Familiar vs. Phonologically-Unfamiliar Conditions (Means and

SD values)
Phonologically-Familiar Condition  Phonologically-Unfamiliar Condition
Age 22.23(3.92) 22.29 (5.46)
Years of Education 15.59 (1.62) 15.44 (2.05)
PPVT-11I (percentile) 74.71 (18.71) 71.16 (17.54)
EVT (percentile) 84.70 (18.11) 77.92 (19.98)
Reading Fluency (percentile) 78.39 (16.27) 77.00 (20.64)
Digit Span (percentile) 76.23 (19.53) 76.05 (18.86)
Nonword Repetition (percentile) 55.95 (23.26) 46.57 (25.13)
Dackward Digit Span (percentile) 73.77 (22.21) 70.38 (21.57)
Spatial Relations (percentile) 67.61 (18.46) 65.50 (18.21)
Visual Matching (percentile) 67.00 (22.24) 65.47 (20.90)
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Table 2
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L2-Related Experiences of Participants in Phonologically-Familiar vs. Phonologically-Unfamiliar Conditions

(Means and SD values)

Phonologically-Familiar Condition

Phonologically-Unfamiliar Condition

L2 Acquisition Age 11.92 (3.91)
Cumulative L2 Exposure (percent) 4.18 (8.34)
L2 Reading Preference 3.65 (10.89)
L2 Speaking Preference 9.68 (14.11)
Years in L2-speaking country 2.06 (6.60)
Years in L2-speaking family 1.32 (5.04)
Years in L2-speaking school 2.40 (4.46)
L2 Speaking Proficiency 3.84 (2.33)
L2 Understanding Proficiency 4.27 (2.50)
L2 Reading Proficiency 4.22 (2.62)
Current exposure to L2-speaking friends 1.84 (1.92)
Current exposure to L2 in the family 0.68 (1.94)
Current exposure to L2 via TV 1.32 (1.89)
Current exposure to L2 via Radio 1.57 (1.91)
Current exposure to L2 Reading 1.86 (2.03)

11.57 (4.73)
478 (7.52)
3.46 (8.35)
7.16 (10.65)
0.25 (0.66)
0.97 (4.62)
2.37 (4.10)
444 (2.43)
4.79 (2.76)
471 (2.53)
1.57 (1.46)
0.60 (1.63)
1.09 (1.46)
1.71 (1.98)
1.97 (2.11)

Note. L2 preference was measured on the scale from zero to 100 (with zero indicating no preference). L2 proficiency was measure on the scale
from zero to 10 (with zero indicating no knowledge of the language). Current L2 exposure was measured on the scale from zero to 10 (with zero

indicating no exposure).
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Comparisons between high-ability and low-ability learners in the —P+R condition on L2-related experiences

(Means and SD values)

High-Ability Learners

Low-Ability Learners

Cumulative L2 Exposure (percent) 7.21(9.32)
L2 Speaking Preference 10.79 (12.44)
L2 Speaking Proficiency 5.21 (2.44)
L2 Understanding Proficiency 5.84 (2.75)
Current exposure to L2 via TV 1.63 (1.74)
Current exposure to L2 via radio 2.47 (2.32)
Current exposure to L2 reading 2.63 (2.39)

2.06 (3.31)
3.33 (6.80)
3.47 (2.10)
3.47 (2.20)
0.44 (0.63)
0.81 (0.91)
1.19 (1.42)
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