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Abstract
This study investigated the impact of language modality and age of acquisition on semantic
fluency in American Sign Language (ASL) and English. Experiment 1 compared semantic
fluency performance (e.g., name as many animals as possible in one minute) for deaf native and
early ASL signers and hearing monolingual English speakers. The results showed similar
fluency scores in both modalities when fingerspelled responses were included for ASL.
Experiment 2 compared ASL and English fluency scores in hearing native and late ASL-
English bilinguals. Semantic fluency scores were higher in English (the dominant language)
than ASL (the non-dominant language), regardless of age of ASL acquisition. Fingerspelling
was relatively common in all groups of signers and was used primarily for low-frequency items.
We conclude that semantic fluency is sensitive to language dominance and that performance can
be compared across the spoken and signed modality, but fingerspelled responses should be

included in ASL fluency scores.
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Comparing semantic fluency in American Sign Language and English

Verbal fluency (phonological or semantic) has been an important component of
neuropsychological screening for linguistic abilities, memory organization, and executive
functioning in both children and adults. Performance on verbal fluency tasks has been widely
used in clinical and research settings as a measure of language proficiency, word retrieval, and
lexical organization in diverse populations (e.g., Federmeier, McLennan, DeOchoa, & Kutas,
2002; Friesen, Luo, Luk, & Bialystok, 2015; Lezak, Howieson, Bigler, & Tranel, 2012; Shao,
Janse, Visser, & Meyer, 2014; Strauss, Sherman, & Spreen, 2006; Unsworth, Spillers, &
Brewer, 2010). Although verbal fluency has been studied for many different spoken languages,
it has not been extensively studied in deaf or hearing sign language users with different
language backgrounds. For example, it is unclear how language modality or the age of exposure
to sign language mediates the speed, accuracy, or pattern of lexical retrieval. Additionally, the
reliability of verbal fluency tasks as a measure of lexical retrieval or linguistic ability in sign
language users remains unclear.

The verbal fluency test is a word retrieval task that requires participants to produce as
many words as possible that satisfy specific semantic or phonological criteria in 60 seconds. In
semantic fluency, the primary focus of the present study, participants have to generate as many
items as possible from a particular semantic domain, for example, fruits or animals. In
phonological fluency, participants have to generate words that begin with a specific letter, for
example, F or S. For cross-linguistic comparisons, semantic fluency tasks are generally
preferred over phonological fluency tasks because similar conceptual categories are assumed to
exist across languages. In the present study, we assessed the impact of language modality and

age of acquisition on semantic fluency performance in adult deaf signers of American Sign
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Language (ASL) and in hearing monolingual English speakers (Experiment 1), as well as in
hearing bimodal bilinguals for both ASL and English (Experiment 2). Additionally, we
investigated the occurrence and context of fingerspelled responses when the semantic fluency

task was performed in ASL.

Effects of language modality and age of acquisition on semantic fluency

Only a few studies have investigated semantic fluency in sign languages. Marshall,
Rowley, Mason, Herman, and Morgan (2013) administered a semantic fluency task in British
Sign Language (BSL) to 22 deaf children between the ages of 4 and 15 years. The number of
responses was within the range reported for the same semantic categories with hearing children
in spoken English and correlated with a measure of receptive BSL abilities. In addition, the
authors administered the task to a group of 13 deaf children who were suspected to have
Specific Language Impairment (SLI) in BSL. Compared to typically developing deaf children,
the children with SLI produced fewer responses and showed sign-finding difficulties. In a
companion study, Marshall, Rowley and Atkinson (2014) investigated lexical organization in 30
adult deaf native and early BSL signers using a semantic fluency task. The number of responses
in the semantic fluency task was within the range reported for adult hearing English speakers.
These studies further revealed that in both sign and spoken language fluency tasks, participants
retrieved fewer items over time and clustered their responses by semantic (thematic) relatedness
(Marshall et al., 2014). However, BSL signers additionally produced clusters of sign homonyms
(signs that are manually identical and disambiguated by mouthing) and also made occasional
use of fingerspelling. These results suggest a potential role for fingerspelling or mouthing in

semantic fluency tasks for sign languages.
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The general findings for semantic fluency in BSL were replicated in a recent study with
68 signers between ages 5-21 years and 18 signers between ages 22-50 years from the US
(Beal-Alvarez & Figueroa, 2017). These authors further tested a smaller group (N = 17) of deaf
students between ages 13-20 years from Puerto Rico, where ASL is also used. Overall, both
groups of ASL signers produced fewer responses in a semantic fluency task than reported in the
literature for hearing English-speaking adults and children (cf. Morere, Witkin, & Murphy,
2012) and fewer responses than the deaf adults and children in the two BSL studies (Marshall et
al., 2014; Marshall et al., 2013). A weak correlation with age of ASL acquisition was found for
the younger US signers but not for the older US or Puerto Rico signers.

Importantly, none of these previous studies included a group of adult monolingual
hearing speakers to directly contrast verbal fluency performance between spoken and signed
modalities. A large-scale study conducted in the UK compared semantic fluency performance
by 106 deaf children (6-11 years old) in BSL and age-matched hearing monolingual children in
English (Marshall et al., 2017). They found that deaf children produced fewer responses in BSL
than the hearing controls in English, although the two groups of children showed similar
semantic clustering patterns. Two years later, the deaf children still scored lower than the
hearing children. It is unclear whether this lower performance in semantic fluency persists until
adulthood — a question we address in the present study. Moreover, the Marshall et al. (2017)
study included a heterogeneous sample of deaf children with varied language experiences; only
29 of the 106 deaf children (27%) used BSL as a main form of communication, and of these, 9
(8%) were native and 20 (19%) were non-native signers. The poorer semantic fluency
performance of the deaf children may thus reflect delayed first language acquisition, and not a

language modality effect per se. Indeed, the authors reported that the small group of native
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signers produced more responses than the non-native signers, but they did not conduct a direct
comparison between the two groups of children. Thus, it is unclear whether age of language
acquisition contributed to poorer lexical retrieval by the deaf children. In the present study, we
address this by investigating whether age of ASL acquisition and/or the language modality in
which the task is performed, impact semantic fluency performance in adulthood.

In Experiment 1, we compared semantic fluency in adult deaf ASL signers with a group
of hearing monolingual English speakers. Based on previous studies with adult signers, we
expected comparable performance by deaf signers who use ASL as their primary means of
communication and hearing English speakers. We also separately compared the performance of
the subgroups of deaf native signers (born into deaf signing families) and deaf non-native, but
early-exposed signers (i.e., ASL was acquired after early infancy, but before age 7). Given the
established effects of delayed first language acquisition in deaf signers (Boudreault & Mayberry,
2006; Mayberry, 2007; Mayberry & Eichen, 1991), native signers might outperform non-native
signers who did not acquire ASL from birth.

In Experiment 2, we compared semantic fluency in the dominant language (English) and
non-dominant language (ASL) of hearing ASL-English bilinguals who acquired ASL from birth
(hearing native signers) or who acquired ASL as a second language (L2) in adulthood (hearing
late signers). Generally, spoken language bilinguals exhibit poorer semantic fluency than
monolinguals, particularly when performing the task in their non-dominant and/or less
proficient language (Blumenfeld, Bobb, & Marian, 2016; Gollan, Montoya, & Werner, 2002;
Rosselli et al., 2002). In the dominant language, speakers benefit from greater lexical depth and
can retrieve a larger number of items than in the non-dominant language, particularly low

frequency items. The majority of hearing ASL—English bilinguals in the present study were
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schooled in English and immersed in a spoken language environment, and they are therefore
considered English-dominant — even if they were exposed to ASL from birth and continue to
actively use ASL on a daily basis (Emmorey, Petrich, & Gollan, 2013; Giezen & Emmorey,
2017; see also Paludneviciene, Hauser, Dagget, & Kurz, 2012). We thus expected the hearing
bilinguals to produce fewer responses in ASL than in English. The comparison between hearing
native signers and fluent second language learners will yield further insight into the effect of
age of acquisition on semantic fluency in ASL. If age of ASL acquisition plays a key role in
sign retrieval ability, then hearing late signers should produce fewer correct responses in ASL
than hearing native signers. However, because English was the dominant language for both
groups, we expected similar performance by the hearing native and late signers when

performing the semantic fluency task in English.

The role of fingerspelling in semantic fluency tasks

In spontaneous ASL discourse, the use of ASL fingerspelling is relatively common, yet
the precise role of fingerspelling in sign language processing and its frequency and function in
verbal fluency tasks remain unclear. Fingerspelling represents English orthography with 26
distinct hand configurations and can be one-handed (ASL) or two-handed (BSL). It provides
deaf bilinguals with important cross-linguistic links between sign language and spoken
language orthography. Although the use of fingerspelling is infrequent for some sign languages
(e.g., Swiss German Sign Language; Boyes Braem, 2001), it is quite common for ASL.
Fingerspelling is often used in educational settings in the US (e.g. Humphries & MacDougall,
1999; Stone, Kartheiser, Hauser, Petitto, & Allen, 2015) and also occurs frequently in everyday

discourse. For example, in the corpus study by Morford and MacFarlane (2003), fingerspelled
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words appeared more frequently than classifier constructions in all genres (casual, formal,
narrative) and constituted 9% of the sign types in casual conversations. Educational methods in
the US (e.g., the Rochester Method in which fingerspelling accompanies speech) or the
widespread use of signed systems such as SEE (Signed Exact English) might contribute to the
increased use of fingerspelling by ASL signers. In the present study, we examined whether
hearing signers, who are dominant in English and native speakers, fingerspelled more than the
deaf signers who learned English as an L2 and were dominant in ASL. However, the specific
question of whether educational methods that include fingerspelling impact the frequency of
fingerspelling in semantic fluency tasks or more generally remains an empirical question.
Fingerspelling (FS) in ASL is used in a variety of contexts, such as expressing proper
names (FS-SMITH), indicating specific English terms (e.g., technical or academic jargon), or
specifying concepts that do not (yet) have a corresponding lexical sign (e.g., FS-PANDA).
Fingerspelling is also used for emphasis and disambiguation (Padden & LeMaster, 1985). For
example, a recent video corpus study by Montemurro and Brentari (2018) found that
fingerspelling was often used in focus constructions to emphasize a key point, even when an
ASL sign was available. In addition, ASL contains lexicalized fingerspelled loan signs (e.g.,
#BANK, #OFF, #JOB), in which a fingerspelled word has undergone phonological changes
(e.g., movement shortening, handshape deletion) to conform with constraints within the native
sign lexicon (Brentari & Padden, 2001). ASL also has ‘initialized’ signs in which the handshape
of the sign is from the manual alphabet and represents the first letter of the English translation
(e.g., the ASL sign FAMILY is produced with an F handshape, and NEUTRAL is produced
with an N handshape). In our analyses, we considered initialized signs as lexical signs and not

as instances of fingerspelling. Brentari and Padden (2001) propose that fingerspelled forms
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should be treated as foreign vocabulary (following analyses of the Japanese lexicon by It6 &
Mester, 1995), and they argue that all of these different types of fingerspelled forms are
contained within the ASL lexicon (see also Padden, 1998). Thus, fingerspelled forms are
argued to constitute lexical items in ASL and may therefore be retrieved in semantic fluency
tasks.

However, Marshall et al. (2014) reported only rare occurrences of fingerspelling by BSL
signers in semantic fluency tasks (2.1% responses in the category ‘animals’ and 1.6% responses
in the category ‘food’). Many of these were low-frequency items (e.g. FS-GECKO, FS-
MANDRILL) or lexicalized loan signs (e.g. #SEED, #HAM). In contrast, deaf ASL signers in
the US used fingerspelling much more frequently — up to 33% of responses in the study by
Beal-Alvarez and Figueroa (2017). Furthermore, Padden and Gunsauls (2003) reported that the
vast majority of fingerspelled words in ASL are nouns (67.5%), which is the grammatical
category elicited by the semantic fluency task. When generating responses for this task, signers
might thus retrieve fingerspelled items from the native ASL lexicon (e.g., fingerspelled loan
signs) or from the non-native lexicon (e.g., fingerspelled words that have not been lexicalized;
Brentari & Padden, 2001).

In sum, the present study aimed to address the following research questions. Do deaf
native and early-exposed ASL signers perform similarly to hearing monolingual English
speakers on semantic fluency tasks (Experiment 1)? Does language dominance or age of ASL
acquisition impact semantic fluency performance by hearing ASL-English bilinguals
(Experiment 2)? Finally, data from both experiments was used to examine a) the frequency and
distribution of fingerspelled responses produced in the ASL semantic fluency task and b)

whether use of fingerspelling is related to the age of ASL acquisition.
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Experiment 1: Semantic fluency in deaf ASL signers and hearing English speakers

Method

Participants

Twenty-five congenitally deaf ASL signers (Mage = 27 years, SD = §, 13 female) and 29
monolingual, native English speakers (Mage = 29 years, SD =5, 22 female) participated in the
experiment. The two groups did not differ significantly in age (¢ (52) = 1.6, p = .11), all were
college-educated, and the groups did not differ in the number of years of education (an average
of 15 years for both groups) (¢ (51) = .77, p = .44). Fifteen deaf participants were native signers
who acquired ASL from birth from deaf parents, and 10 were early-exposed signers who
acquired ASL prior to seven years of age (mean age of acquisition = 2; SD = 2 years). The
native and early-exposed signers did not differ significantly in age (¢ (23) = 1.6, p =.13) or
years of education (¢ (23) = 1.9, p = .07). Deaf participants were all born with severe to
profound hearing loss, reported ASL as their primary and preferred language of communication,
and self-rated their ASL proficiency on average as 6.6 (SD = 0.6) on a 1 (“very little’) — 7 (‘like
native’) scale. The native and early signers did not differ in their self-ratings of ASL proficiency

(t(23)<1,p=.71).

Materials and procedure
The semantic categories used in the present study were Animals, Fruit, Vegetables,
Clothing. These categories were selected to enable a comparison with previous studies (e.g.,

Beal-Alvarez & Figueroa, 2017; Bolla, Gray, Resnick, Galante, & Kawas, 1998; Kempler, Teng,
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Dick, Taussig, & Davis, 1998; Marshall et al., 2017; Marshall et al., 2014; Marshall et al., 2013;
Mitrushina, Boone, Razani, & D'Elia, 2005). Deaf ASL signers provided responses for all
categories in ASL, and the hearing English speakers provided responses for all categories in
spoken English. Signers were told fingerspelling should not replace known ASL signs. The
semantic categories and experiment instructions were provided in person to all participants.
Instructions for the deaf participants were given in ASL by a deaf native ASL signer or by a
hearing fluent ASL signer. Instructions for the hearing participants were presented in spoken
English by a native speaker. Participants were instructed to generate as many items for each
category as possible in 60 seconds. The order of the four categories was counterbalanced across
participants. A stopwatch was used to mark the start and stop of the response window. Only the
experimenter and participant were present in the testing room. ASL and English responses were
digitally recorded and glossed/transcribed (in English) for subsequent analysis.

Coding procedure. All English responses were transcribed from the audio recordings
and scored by a hearing native speaker of English and reviewed by another native English
speaker. All ASL responses were transcribed from the video recordings and scored by a deaf
native ASL signer and reviewed by the first author who is a hearing fluent ASL signer. The
coding of responses followed predefined coding criteria (see below), and minor discrepancies in
coding were resolved by discussion. Each response was coded as correct or incorrect and then
the number of correct responses per category was calculated for each participant (Marshall et al.,
2014; Marshall et al., 2013; Morere et al., 2012). Following Marshall et al. (2014; 2013),
repetitions, responses from different categories, brand names, mythical animals, or
unintelligible responses were counted as errors. Both subordinate and superordinate responses

were considered correct, for example, responding ‘bird, eagle, hawk, robin’ would receive a
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score of four. However, color varieties of the same item were all counted as a single correct
response. For example, the response ‘pepper’ in addition to ‘red pepper, ‘green pepper’, and
‘yellow pepper’ resulted in a score of one. Pairs of signs with the same manual components (i.e.
handshape, movement, and location), but different mouthings, were both scored as correct (cf.
Marshall et al., 2014: 590). For example, the signs ‘pumpkin’ and ‘melon’ are manual
homonyms in ASL and are distinguished only by English mouthing.

ASL responses were further coded for fingerspelled responses (e.g., FS-BEANS;
#DOG) or lexical signs combined with fingerspelled responses (e.g., HONEY FS-DEW, FS-
GRIZZLY BEAR). If a participant first produced an ASL sign and then immediately
fingerspelled the same item, then the lexical sign was included in the analysis and the
fingerspelled response was excluded. If a participant produced a fingerspelled response
immediately followed by the ASL sign for that item, then the fingerspelling response was
included in the analysis and the lexical sign was excluded. To determine the influence of
fingerspelling on ASL semantic fluency scores we calculated two dependent measures for each
ASL category and participant: (1) the number of correct responses including fingerspelling and
combined ‘sign plus FS’ responses, and (2) the number of correct responses excluding

fingerspelling and combined ‘sign plus FS’ responses.

Results
The statistical package SPSS (version 23) was used for all analyses. The number of
responses as the dependent variable was subjected to an analysis of variance (ANOVA). Figure
1A shows that the number of correct responses did not differ between deaf ASL signers and

monolingual hearing English speakers when fingerspelled responses were included in the total
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number of ASL responses (F (1, 52) = 1.72, p = .195, ,° = .03). However, deaf ASL signers
produced significantly fewer responses than English speakers when fingerspelled responses
were excluded, with a moderate effect size (F (1, 52) = 37.84, p < .001, ,° = .42).

A separate examination of the deaf signer group showed that deaf native signers (N =
15) outperformed deaf early signers (N = 10) when fingerspelled responses were included (F (1,
23) =5, p=.04; 5,° = .18), but no effect of age of acquisition was found when fingerspelled
responses were excluded (F (1, 23) < 1, p =.62; n,° = .01) (see Figure 1B). However,
comparisons between the native and early deaf signers need to be interpreted with caution

because of the small number of participants in each group.

[FIGURE 1 ABOUT HERE]

Experiment 2. Effects of language dominance on semantic fluency in hearing ASL-English
bilinguals
Method

Participants

Forty-seven hearing ASL-English bilinguals (Mage = 29 years, SD = 8, 33 female)
participated in the study. All were immersed in an English-speaking environment from birth and
were English dominant. Twenty-three participants were Children of Deaf Adults (Codas) and
acquired ASL from birth from deaf parents (hearing native signers; Mage =29, SD = 8, 14
female). The remaining 24 participants acquired ASL as a second language in late adolescence
or adulthood (hearing late signers; M age = 29.5, SD = 8, 19 female; mean age of ASL

acquisition = 15 years, SD = 7 years). Hearing native signers completed on average 16 years of
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education (SD = 2) and late signers 16.5 years (SD = 1). Native and late signers did not differ
significantly in age (F (2, 44) <1, p = .40) or years of education (F' (2, 44) <1, p =.64), but
differed in self-reported ASL proficiency (F (2, 44) = 12.1, p <.001). Native signers reported
higher ASL proficiency (M = 6.1, SD = .9) than late signers (M = 5.6, SD =.5); (¢ (45)=2.5,p
=.02). Unfortunately, objective ASL assessments were not available for these participants at the
time of testing. However, we assumed that the hearing late signers had a relatively high level of
ASL proficiency because they had been signing for an average of 15 years (SD = 6 years; range
4 - 26 years). Additionally, 17 (71%) were certified ASL-English interpreters, two worked as

teachers of the deaf, and all reported using ASL daily.

Materials and procedure

The same materials and procedure were used as in Experiment 1. However, hearing
signers completed half of the categories in ASL and half in English. The order of categories and
language of response (ASL or English) was counterbalanced across participants. Instructions
and semantic categories were presented in the language that corresponded to the language of

response (ASL or spoken English).

Results
We analyzed the hearing signers' responses in English and ASL including and excluding
fingerspelled responses using a repeated measures ANOVA with Group (native, late) as a
between-subjects factor and Language of response (ASL, English) as a within-subjects factor.
The number of correct responses did not differ significantly between hearing native and late

signers, regardless of whether fingerspelled responses were included (£ (1, 94) < 1, p = .94, n,°
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=0) or excluded (F (1,94) <1, p = .47, n,° < .01). However, there was a main effect of
Language, with a medium to large effect size, indicating that the participants produced more
responses in English than in ASL, regardless of whether fingerspelled responses were included
(F(1,94)=33.5, p<.001, n,° = .27) or excluded (F (1, 94) = 107.3, p <.001, 5,° = .54). There
was no interaction between Group and Language, regardless of whether fingerspelled responses
were included (F (1,94) = 1.5, p = .22, 5,° = .02) or excluded (F (1,94) <1, p = .65, n,° < .01);

see Figure 2.
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[FIGURE 2 ABOUT HERE]

Analysis of fingerspelling: Experiments 1 and 2

Fingerspelled responses were common for both deaf and hearing ASL signers; 23% of all
responses for deaf signers and 21% for hearing signers. Because the hearing signers completed
only two of the four semantic categories in each language (ASL/English), we only included the
first two tested categories in this analysis for the deaf ASL signers, to obtain a balanced number
of responses across the groups and to ensure appropriate statistical comparisons.

Marshall et al. (2014) reported that when fingerspelling occurred in their BSL semantic
fluency task, it was mainly used for items that were fingerspelled loan signs (e.g., #HAM) or

low-frequency items without a conventionalized sign translation (e.g., FS-ENCHILADA). If
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ASL fingerspelling is also primarily used for low frequency items, then fingerspelling should be
more prevalent in the second half of participants’ responses because lower frequency items tend
to be produced later in the fluency trial (Crowe, 1998). Alternatively, if fingerspelled forms are
retrieved along with lexical signs in the semantic fluency task, then fingerspelling should be
more evenly distributed across participants’ responses.

In the final analysis, we examined whether dominance in English (hearing signers:
native / late) or dominance in ASL (deaf signers) affected the use of fingerspelling in the
semantic fluency task. First, we obtained the lexical frequency of the English translations (log10
word frequency score per million) retrieved from SUBTLEXus

(http://expsy.ugent.be/subtlexus/) as a proxy for estimating the lexical frequency of both ASL

signs and fingerspelled items. As expected, the estimated lexical frequency was lower for
fingerspelled items (M = 2.08, SD = 0.43) than for ASL signs (M = 2.8, SD =0.12; ¢ (77) =
14.6, p <.001). We next analyzed the occurrence of fingerspelling by comparing the number of
fingerspelled responses in the first half with the second half of the semantic fluency trial for
each signer. The distribution of fingerspelled responses in the semantic fluency task for each
group is shown in Table 1.

[TABLE 1 ABOUT HERE]
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A 3 x 2 ANOVA with Group as a between-subjects factor (deaf signers, hearing native
signers, hearing late signers) and Trial half (first, second) as a within-subjects factor revealed
that the groups did not significantly differ in the number of fingerspelled responses (F (2, 69) =
2.13, p=.13, 5,* = .06), and participants produced more fingerspelling in the second Trial half
than in the first (F (1, 69) = 90, p < .001, ,°> = .57). However, there was a significant interaction
between Group and Trial half (F (2, 69) =4.2, p =.019, 5,° = .11). This interaction was
followed up with a one-way ANOVA for each Trial half: we found a main effect of Group in the
first Trial half (F'(2, 69) = 4.6, p = .013), but there was no main effect of Group in the second
Trial half (F (2, 69) = 1.9, p = .15). Post-hoc tests for the first Trial half revealed that deaf
signers produced more fingerspelling than hearing late signers (p = .015, Bonferroni corrected)
but no other contrasts were significant. Further, paired #-tests confirmed that all participants
produced more fingerspelling in the second Trial half than in the first (all ps <.01). Finally, a
separate examination of the deaf subgroups revealed that deaf native signers produced more
fingerspelled responses than deaf early-exposed signers (F (1, 23) = 8.3, p = .008, 1,° = .27),
both groups produced more fingerspelling in the second Trial half than in the first (F (1, 23) =
10.3, p =.004, ,° = .31), and there was no interaction between Group and Trial half (F (1, 23) =
2.4, p=.13,5,°=.10).

In summary, the results support the idea that fingerspelling primarily occurred for items
of lower lexical frequency. Fingerspelling was relatively common for both deaf and hearing
signers, and the groups generally exhibited a similar distribution of fingerspelled responses
across the semantic fluency trial. That is, the number of fingerspelled responses significantly
increased in the second half of the fluency trials where deaf and hearing signers retrieved more

fingerspelled and fewer ASL sign responses. Interestingly, deaf signers produced more
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fingerspelling in the first half of responses than the hearing late signers, suggesting that
fingerspelling was more evenly dispersed across trials for the deaf group than for hearing late
signers. Additionally, deaf native signers produced more fingerspelling than deaf early-exposed
signers overall; however, as noted, the comparison between deaf native and early signers must

be treated with caution because of the small number of participants in each subgroup.

Discussion
The aims of the present study were to investigate the impact of language modality and
age of sign language acquisition on semantic fluency performance. In Experiment 1, we
compared semantic fluency scores in ASL and English by deaf ASL signers and hearing English
speakers. In Experiment 2, we compared semantic fluency scores in the two languages by
hearing bilinguals who were either native signers or late second language learners. Additionally,
we examined the frequency and distribution of fingerspelled responses in the semantic fluency

task by deaf and hearing signers.

Semantic fluency across language modalities

Experiment 1 revealed that deaf ASL signers and hearing monolingual English speakers
retrieved a similar number of items in the semantic fluency task in ASL and English
respectively, when fingerspelled responses were included as acceptable ASL responses. This
study is the first to our knowledge that directly compared signed responses by adult deaf signers
with spoken responses by adult hearing monolingual speakers. Our results provide evidence that
semantic fluency scores can be compared across language modalities, but only when

fingerspelled responses are taken into account along with lexical signs. Importantly, this result
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suggests that the lower semantic fluency performance reported for deaf children, as compared to
their hearing peers, may not persist into adulthood (Marshall et al., 2017).

The number of correct responses produced by deaf ASL signers in the present study
(including fingerspelled responses) resembles those reported in previous semantic fluency
studies with adult deaf signers. For example, for the category Animals, BSL signers produced on
average of 24 correct responses (Marshall et al., 2014), and deaf ASL signers in other studies
produced on average of 20-21 responses (Beal-Alvarez & Figueroa, 2017; Morere et al., 2012).
Furthermore, based on a meta-analysis of 11 studies of animal naming, hearing monolingual
speakers between the ages of 25-29 years old are estimated to produce ~24 correct responses
(Mitrushina et al., 2005). Deaf ASL signers and hearing English speakers in the present study
produced on average 22 and 23 correct responses for this category, respectively.

The results of Experiment 1 further provided preliminary evidence that delayed first
language acquisition might negatively impact semantic fluency performance. Deaf signers, who
were exposed to ASL before age 7, but not from birth, produced fewer responses than deaf
signers who acquired ASL natively from deaf parents, but only when fingerspelled responses
were included as acceptable responses. Although this comparison must be interpreted with
caution due to the small sample sizes, our finding suggests that early exposure to sign language
may strengthen lexical representations. Interestingly, effects of delayed ASL acquisition were
not apparent when fingerspelled responses were excluded, suggesting that fingerspelling may
play an important role within the ASL lexicon. Fingerspelling has also been argued to facilitate
English vocabulary growth and positively correlate with reading skill (Padden & Ramsey, 1998;
Sedey, 1995). Although all deaf and hearing participants were relatively proficient in written

English, future research could examine whether English and/or ASL proficiency mediates the
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use of fingerspelling in ASL semantic fluency tasks. One limitation of the current study was that

objective measures English and ASL proficiency were not obtained from participants.

Semantic fluency in hearing ASL-English bilinguals

In Experiment 2, we compared ASL and English semantic fluency performance in hearing ASL-
English bilinguals who were either native ASL signers or late L2 learners of ASL. Both groups
produced more responses in English (their dominant language) than in ASL, regardless of
whether fingerspelled responses were included as acceptable responses. In addition, the hearing
native and late signers did not differ from each other in English or ASL semantic fluency.

These findings are consistent with results of a picture-naming experiment by Emmorey
et al. (2013). In that study, hearing ASL-English bilinguals named pictures faster and more
accurately in English than in ASL. In addition, naming latencies and accuracy were similar for
native signers and late L2 signers. Thus, neither semantic fluency nor picture-naming tasks
appear to be sensitive to age of ASL acquisition in hearing ASL-English bilinguals. Since the
bilinguals in both the Emmorey et al. (2013) study and the present study were highly proficient
signers (the majority worked as professional ASL-English interpreters), we suggest that ASL
proficiency or dominance has a stronger impact on lexical retrieval than age of acquisition in
this population. To confirm whether less-proficient ASL signers exhibit lower fluency scores,
future research could examine the correlation between objective ASL proficiency measures and
semantic fluency scores for a group of signers who exhibit a wider range of ASL skill than those
tested here.

Lower semantic fluency scores in the non-dominant language have also been found for
bilinguals of spoken languages and may reflect a smaller vocabulary in the non-dominant

language, reduced use of the non-dominant language, or interference from the dominant
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language (for a discussion, see Blumenfeld et al., 2016; Luo, Luk, & Bialystok, 2010; Sandoval,
Gollan, Ferreira, & Salmon, 2010). In some studies, bilinguals also scored lower in their
dominant language, compared to monolinguals (Portocarrero, Burright, & Donovick, 2007;
Sandoval et al., 2010). In the present study ASL-English bilinguals (Experiment 2) and English
monolingual speakers (Experiment 1) retrieved similar numbers of items in English (~18
responses across categories for both groups). It is possible that bimodal bilinguals experience
less cross-language interference in semantic fluency tasks than unimodal bilinguals due to
decreased competition for articulation (cf. Emmorey, Luk, Pyers, & Bialystok, 2008). However,
data on important moderator variables including nonverbal intelligence and vocabulary
measures were unfortunately not available for our participants, and thus the comparison

between bilinguals and monolinguals should be interpreted with caution.

Frequency and distribution of fingerspelling in ASL semantic fluency tasks

The results of the present study emphasize the important role of fingerspelling in ASL
and its impact on measures of lexical access and expressive language ability for ASL signers. In
line with previous reports of ASL fingerspelling use, both deaf and hearing signers produced a
relatively high proportion of fingerspelled responses in the ASL semantic fluency task. In fact,
when fingerspelled responses were excluded from the total number of correct responses, deaf
ASL signers' semantic fluency scores were significantly lower than those of hearing English
speakers. In Experiment 1 deaf signers fingerspelled 23% of ASL responses, and in Experiment
2 hearing signers fingerspelled 21% of ASL responses. The proportion of fingerspelling within

individual semantic categories, for example, Animals and Fruits, resembles the proportion



SEMANTIC FLUENCY IN ASL AND ENGLISH 23

found by Beal-Alvarez and Figueroa (2017) for ASL: 14% for Animals (cf. 5% in Beal-Alvarez
and Figueroa) and 39% for Fruits (cf. 33% in Beal-Alvarez and Figueroa).

Compared to previous studies, fingerspelling was rare (~2% of responses) in the
semantic fluency study with BSL signers (Marshall et al., 2014). Fingerspelling is more
prevalent in ASL than in other sign languages (see Nicodemus et al., 2017), which could explain
cross-linguistic variation in the use of fingerspelling in semantic fluency studies. However,
possible differences in instructions to the participants between the studies may also have played
arole. For example, it is unclear whether Marshall et al. (2013; 2014) included any explicit
instructions related to the production of fingerspelling for their BSL semantic fluency tasks. In
the present study, we neither encouraged nor discouraged participants to use fingerspelling;
however, we did instruct them to use existing ASL signs whenever possible and that
fingerspelling should not replace a response for which an ASL sign exists.

Fingerspelling is closely associated with the phonological/orthographic representations
of English words (Chamberlain & Mayberry, 2000; Haptonstall-Nykaza & Schick, 2007; Sehyr,
Petrich, & Emmorey, 2017). As such, in a semantic fluency task, hearing and deaf bimodal
bilinguals can produce lexical items from their other language through fingerspelling. This is
not possible for unimodal bilinguals; for example, a Spanish word would not be permitted in an
English fluency task. However, fingerspelled responses in the present study might have also
occurred for reasons other than cross-language intrusions from English or the consequence of
unsuccessful retrieval of a lexical sign. For example, fingerspelling in ASL is often used for
concepts that have no established lexical signs or when a sign is not commonly used. Indeed, we
found that fingerspelled responses were used for items with lower English frequency and

occurred primarily in the second half of the trial. In contrast, lexicalized fingerspelled forms
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such as #DOG were generally produced earlier in the fluency trial (79% of all occurrences of
#DOG were produced in the first half of the trial). In addition, it is possible that some
participants used fingerspelling to avoid regional signs or signs that the experimenter might not
know. Signers may have also preferred fingerspelling over using a lexical sign. For example,
even though there is a lexical sign for ‘broccoli’, many ASL signers may have chosen to
fingerspell FS-BROCCOLI because that is how they commonly refer to that vegetable. Indeed,
we found that some signers produced both the ASL sign and the fingerspelled word for the same
item.

Although we did not find overall differences in the frequency of fingerspelling between
deaf and hearing signers, deaf signers produced more fingerspelled responses than hearing late
signers, especially in the first half of the semantic fluency trials. However, the deaf signers did
not differ from hearing native signers, suggesting that ASL acquisition from an early age might
strengthen the integration of fingerspelled forms in the ASL lexicon. Similarly, deaf early
signers tended to use fingerspelling less frequently than deaf native signers. It may be that non-
native signers (both deaf and hearing) did not fingerspell some items because they thought that
a lexical sign existed for those concepts, whereas native deaf and hearing signers may have been
more confident that a concept should be fingerspelled. Ultimately, the results suggested that
dominance in English does not increase the use of fingerspelling because we found no
difference in the number of fingerspelled responses by the hearing signers who were dominant
in English (and native speakers) and the deaf signers who learned English as an L2 and were
dominant in ASL

Finally, it is important to note that ASL signs and fingerspelled words may take longer to

articulate than spoken words (Bellugi & Fischer, 1972; Klima & Bellugi, 1979). A cross-
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linguistic study by Kempler et al. (1998) found an effect of word length on semantic fluency
performance: Spanish speakers produced fewer animal names than Vietnamese speakers.
Kempler et al. suggested that this result could be due to the fact that responses in the animal
category in Spanish were all multisyllabic, while ~80% of responses in Vietnamese were
monosyllabic. Moreover, fingerspelled words are likely to take longer to articulate than lexical
signs. Although it is possible that differences in the articulatory duration of fingerspelling versus
words could influence the number of retrieved items in ASL compared to English, we found no
language modality effect when fingerspelled responses were included in the total count.
Therefore, articulatory duration does not appear to negatively impact semantic fluency
performance in ASL compared to English.

Overall, our results indicate that fingerspelling should be considered when evaluating
semantic fluency as a measure of ASL lexical proficiency or when using normed scores from
English speakers to evaluate ASL signers' performance. Excluding fingerspelled responses from
the total number of responses or explicitly instructing ASL signers not to fingerspell at all
during the task could lead to an underestimation of their verbal abilities. An interesting open
question for future studies is how users of sign languages that do not have fingerspelling
systems would perform on a semantic fluency task compared to users of sign languages like
ASL, in which fingerspelling is an integrated part of the lexicon (Brentari & Padden, 2001).

Conclusion

Documenting the generalizability of verbal fluency tests to different languages and
populations of language users is critical for researchers and clinicians who rely on these
measures as an index of language proficiency, lexical access, or executive functioning. To our

knowledge, this is the first study that directly compared semantic fluency in a spoken language
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and a sign language 1) between adult deaf ASL signers and hearing English speakers, and 2)
within hearing ASL-English bilinguals. Our results provide strong evidence that the modality of
the dominant language (spoken or signed) does not affect semantic fluency scores in deaf or
hearing adults if fingerspelled forms are considered acceptable responses, and that language
dominance rather than age of acquisition affects ASL semantic fluency performance in hearing
ASL-English bilinguals. The relatively high proportion of fingerspelled responses in ASL
semantic fluency tasks highlights an important role for fingerspelling in lexical retrieval and
emphasizes the need for the consideration of fingerspelling when assessing semantic fluency in

ASL.
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Figure 1. A. Mean number of correct responses including or excluding fingerspelled (FS)
responses for deaf ASL signers in ASL and hearing English speakers in English. Error bars
represent the standard error of the mean. B. Mean number of correct responses including or

excluding fingerspelled responses for deaf native and deaf early ASL signers.

Figure 2. Mean number of correct responses in ASL and English for hearing native signers and
hearing late signers when including or excluding fingerspelled (FS) responses for ASL (error

bars represent one standard error of the mean).
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Tables

Table 1. Average number of fingerspelled responses produced in the first and second half of

semantic fluency trial for deaf and hearing signers (standard deviation is reported in parentheses).

Ist half 2nd half All N partic.
Deaf signers 3.0(1.9) 4.9 3.1) 7.9 (4.2) 25
Native 3.5(1.8) 6.1 (3.1) 9.7 (4.1) 15
Early 2.2(1.7) 3.1(2.0) 5.3(3.0) 10
Hearing native signers 1.8 (1.6) 5.8(2.7) 7.6 (4.1) 23

Hearing late signers 1.5(1.9) 4.0 (3.5) 5.5(4.9) 24
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