
SECOND LANGUAGE WORKING MEMORY DEFICITS

AND PLASTICITY IN HEARING BIMODAL LEARNERS OF

SIGN LANGUAGE

Litt le is known about the acquisition of another language modality on second language 

(L2) working memory (WM) capacity. Diff erential indexing within the WM system based 

on language modality may explain diff erences in performance on WM tasks in sign and 

spoken language. We investigated the eff ect of language modality (sign versus spoken) on 

L2 WM capacity. Results indicated reduced L2 WM span relative to fi rst language span for 

both L2 learners of Spanish and American Sign Language (ASL). Importantly, ASL learners 

had lower L2 WM spans than Spanish learners. Additionally, ASL learners increased their 

L2 WM spans as a function of profi ciency, whereas Spanish learners did not. Th is patt ern of 

results demonstrated that acquiring another language modality disadvantages ASL learn-

ers. We posited that this disadvantage arises out of an inability to correctly and effi  ciently 

allocate linguistic information to the visuospatial sketchpad due to L1-related indexing bias.
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Introduction

Th e ability to store, manipulate, and integrate linguistic information (i.e., 

working memory) has been said to be the hallmark of language comprehension 

(Daneman & Carpenter, 1980). Much of the research on the interface between 

working memory and language abilities have been relegated to monolingual 

spoken language research or speakers of a spoken language learning another 
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spoken language (i.e., unimodal bilinguals). Relatively recently, however, there 

has been a shift  to further understand how language modality (i.e., signed vs. 

spoken) aff ects cognitive processing. Sign languages diff er from spoken languages 

in how language is articulated. Sign languages use a visual-manual modality, 

whereas spoken languages use the auditory-oral modality. Learners who are 

acquiring a sign language as a second language (L2) when their fi rst language is 

a spoken language (i.e., bimodal bilinguals, Emmorey et al., 2008) must learn how 

to adapt their already-instantiated system to process language in a new modality. 

As such, research is needed to determine which areas of cognition are aff ected 

(or require adaptation) by a new language modality. Th e present study aims to 

investigate how working memory (WM) is diff erentially aff ected for unimodal 

Spanish learners and bimodal American Sign Language L2 learners. We specifi -

cally aim to test four hypotheses: whether 1) WM span in the fi rst language (L1) 

is larger than their L2 span for both unimodal and bimodal learners; 2) bimodal 

L2 learners will have a signifi cantly worse L2 WM span relative to unimodal L2 

learners; 3) traditional phonological WM measures (e.g., backward digit span) 

will correlate with L2 WM span for the unimodal L2 learners; and lastly, whether 

4) greater language exposure, or profi ciency, will allow the bimodal L2 learners 

to improve their WM span, approximating that of the unimodal L2 learners.

Working memory

Th e temporary storage and manipulation of information resides in working 

memory (Baddeley & Hitch, 1974). According to their model, working memory is 

fractionated into separate components that facilitate performance across a range 

of cognitive tasks. Th e phonological loop contains a temporary verbal-acoustic 

storage system that facilitates the retention of sequences (e.g., digits, lett ers, 

words, etc.). Th e visuospatial sketchpad is another subsystem that integrates 

spatial, visual, and kinesthetic information into a unifi ed representation to be 

stored and manipulated within working memory. Finally, the central executive is 

responsible for the att entional control of the working memory system. Baddeley 

(2000) later added a fourth component, the episodic buff er, which is responsible 

for the combining of multiple information types into a single multi-modal, multi-

faceted representation. Among the several components of the working memory 

system, it has oft en been thought that language processing is impacted primarily 

by the phonological loop (Baddeley, 2003). 

Th e phonological loop can be described in terms of both its storage capacity 

and storage quality. Th e storage capacity is oft en measured with serial order re-

call tasks (e.g., digit span tasks or complex span tasks). Th ere is debate regarding 

the amount of information that can be temporally stored in working memory 

(Miller, 1994; Cowan, 2001); nevertheless, there is widespread agreement that 

working memory storage capacity is limited (Baddeley, 2000; Cowan, 2001). For 

the purposes of this study, storage quality is defi ned by the quality of the phono-
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logical representation that is stored. Storage quality is indexed by performance 

diff erences in memory tasks conditioned by phonological knowledge, such as 

typicality or word-likeness eff ects (Gathercole & Baddeley, 1990). Th e quality of a 

phonological representation, thus, impacts capacity insofar as lower quality rep-

resentations reduce capacity (see Oakhill & Kyle, 2000 for evidence of decreased 

phonological awareness skills and working memory). Th is has implications on 

language comprehension and production, especially for second language learn-

ers who do not have well-specifi ed representations (Broselow & Finer, 1991). 

WM and language

Th e phonological loop has been implicated in language comprehension and 

acquisition. Vallar and Papagno (2002) propose a model in which the phonological 

buff er is required for comprehension and production of spoken language. Studies of 

fi rst language acquisition have posited that impairments in the phonological storage 

component of the loop predicts decreases in language performance, as evidenced 

by children with specifi c language impairment who perform poorly on nonword 

repetition tasks despite normal articulatory and auditory abilities (Gathercole & 

Baddeley, 1989).  Taken together, the working memory system, especially the pho-

nological loop and its components, have been shown to underlie language ability.

Daneman and Carpenter (1980) hypothesized that individual diff erences in 

native language abilities were borne out of the variability in working memory 

systems across individuals. Daneman and Carpenter posited that the functional 

capacity of the working memory system would directly predict language abili-

ties. Th e correlation between working memory capacity and language is thought 

to arise out of the limited resources being shared across processing and storage 

demands within the working memory system. Specifi cally, functionally smaller 

storage capacities lead to defi cits in comprehension because the ability to inte-

grate successive information is impaired (Daneman & Merikle, 1996). Reading and 

listening span tasks, which were thought to tax both the processing and storage 

components, were implemented to test this hypothesis. Th e authors found that 

individuals with smaller reading/listening spans performed worse on language 

tests than those with higher spans (Daneman & Carpenter, 1980). Th e connection 

between individual diff erences in working memory has since been replicated 

and extended across cognitive domains (e.g., visual working memory, Vogel & 

Machizawa, 2004; see Daneman & Merikle, 1996 for a review). 

WM and L2 acquisition

Not only does working memory aff ect native language processing, but it 

also has implications on second language processing. Moreover, it is important 

to understand why working memory capacity diff ers between a learner’s fi rst 

and second language. Second language learners’ target-language digit spans are 

smaller than their fi rst language spans (Ardila, 2003). Nevertheless, increased 
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working memory capacity is correlated with greater subsequent language acquisi-

tion and aptitude. Increased memory task performance (e.g., digit span), but not 

intelligence or visuospatial memory, is associated with increased ability to learn 

new words in a foreign language (Papagno & Vallar, 1995). Specifi cally, auditory 

phonological working memory has been implicated in the ability to learn a new 

language (Baddeley, Papagno, & Vallar, 1988). In fact, some have argued that 

auditory working memory capacity serves as a predictor for second language 

profi ciency (Miyake & Friedman, 1998). A possible suppression mechanism has 

been posited to explain the correlation between working memory capacity and 

second language profi ciency. Th at is, storage capacity is linked to more effi  cient 

suppression of intrusive thoughts or behaviors (Rosen & Engle, 1998) and as 

such a larger storage capacity (or a bett er span) could help learners suppress the 

infl uence of L1 during L2 processing. With evidence that English-ASL bilinguals 

do not need to suppress their languages similarly to unimodal bilinguals (e.g., 

English-Spanish bilinguals; Emmorey, Luk, Pyers, & Bialystok, 2008; Williams 

& Newman, 2015), one could posit that there would be a de-correlation between 

digit span and L2 acquisition for sign language. In other words, working memory 

capacity may only be predictive for spoken language acquisition. 

Diff erences across fi rst and second language working memory capacities do 

not imply that learners have separate memory systems for each language. An 

integrative view of second language working memory should be adopted and is 

motivated by previous research. For highly profi cient bilinguals, fi rst and second 

language reading spans are oft en correlated (Osaka & Osaka, 1992; Osaka, Osaka, 

& Goner, 1993). Additionally, profi ciency in both native and nonnative languages 

is correlated (Cummins, 1991; Carson, Carrel, Silberstein, Kroll, & Kuehn, 1990). 

In other words, the capacity of an individual’s working memory in their fi rst 

language will predict storage and manipulation capacity in their second language. 

Th e diff erences in working memory performance between languages are not due 

to the structure of a separate system per se, but rather the quality of the code 

within working memory. As a result, because the input quality is less “pristine” 

(e.g., similar to native language quality), the overall storage performance and 

manipulation of that input is subject to faster decay. Th e ability to maintain and 

manipulate underspecifi ed information could account for correlations between 

stronger fi rst and second language working memory (Bays & Husain, 2008). If 

one takes the integrative approach, the question remains how the storage and 

manipulation of diff erent language modalities aff ect the working memory system. 

WM, language, and modality

Working memory components, like the phonological loop, are vital to lan-

guage processing. Given that the phonological loop is oft en conceptualized as a 

verbal memory storage, it is of some theoretical importance to understand how 

individuals with a visual language store and manipulate information in working 
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memory. Sign languages, such as American Sign Language (ASL), are produced in 

the manual-visual modality, whereas spoken languages like English and Spanish 

are produced in the oral-auditory modality (barring orthography and reading). 

Th e phonological loop is well conceptualized for spoken languages, but how does 

the phonological loop operate when processing visual languages? 

Several studies have outlined the working memory system in native deaf 

signers (Wilson & Emmorey, 1997a, b, 1998; Boutla, Supalla, Newport, & Bave-

lier, 2004; Hall & Bavelier, 2010; Hirshorn, Fernandez, & Bavelier, 2012). Wilson 

and Emmorey (1997a,b, and 1998) demonstrated that native deaf signers show 

similar phonological eff ects (i.e., phonological similarity eff ect, word length ef-

fect, articulatory suppression eff ect) for sign language. Native deaf ASL signers 

have signifi cantly lower digit spans (i.e., 5±1) than typical native hearing English 

speakers (i.e., 7±2). Th ese diff erences cannot be accounted for by speed of articu-

lation or rehearsal (Boutla et al., 2004; Hall & Bavelier, 2010) or the diff erences in 

the number of phonological parameters in a given sign (Hirshorn et al., 2012). It 

is thought that experience with auditory language and its serial properties cre-

ate the environment to induce bett er temporal/phonological working memory 

systems for hearing individuals (Conway, Pisoni, & Kronenberger, 2009). Th at is, 

phonological working memory relies on temporal processing and is correlated 

with language rehearsal, but not visual rehearsal (Saito, 2001). Alternatively, 

while sign languages have temporal features, the heavy reliance on simultaneous 

visual language processing aff ords deaf signers bett er spatial working memory 

abilities (Wilson, Bett ger, Niculae, & Kilma, 1997). Th e inherent diff erences in 

the languages themselves, and in the processing strategies they require, call for 

diff erential use of the working memory system. 

Diff erential use of the working memory system may mean that various sub-

components are preferentially allocated for each language modality. As mentioned 

above, the visuospatial sketchpad integrates visual and spatial information into 

a single code. Th us, the diff erences in language modalities might infl uence the 

preference of deaf signers’ use of the visuospatial sketchpad for spatiotemporal 

indexing and hearing speakers’ use of the phonological loop for temporally or-

dered information (Hirshorn et al., 2012). Hirshorn et al. posited that there is a 

bias in the use of a specifi c slave system (i.e., indexing strategy) during language 

processing and rehearsal. Th at is, language users diff erentially allocate processing 

to specifi c buff ers depending on the spatiotemporal or phonological characteristics 

of the representation entering into working memory. For example, the authors 

tested three conditions: spatiotemporal, phonological, and spatiotemporal and 

phonological. Th ey posited that deaf signers would outperform hearing non-

signers on the spatiotemporal task, the hearing nonsigners would outperform 

deaf signers on the phonological task, and when both cues were available their 

performance would be matched. In fact, this is what the authors found. In other 

words, there is relative biasing for which memory subcomponent is used dur-
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ing language processing based on its modality. Relative biasing and indexing 

strategies can account for diff erences in span lengths across deaf and hearing 

populations. Th is hypothesis may prove to be important when examining second 

language learners of a diff erent language modality in terms of their reallocation 

of phonological memory processing. 

WM, L2 acquisition, and modality

Th e aff ordances of a given language modality alter working memory task-

related eff ects. Th e diff erences between hearing and deaf individuals in terms of 

decreased digit span as well as increased spatial working memory performance 

have also been demonstrated in nonnative learners of sign (Capirci, Catt ani, 

Rossini, & Volterra, 1998; Keehner & Gathercole, 2007). Furthermore, language 

modality has been shown to bias individuals towards the use of diff erential work-

ing memory subcomponents (Hirshorn et al., 2012). Second language learners 

who are learning another language within the same modality (e.g., English-

Spanish learners) could show similar working memory capacities barring any 

quality issues. On the other hand, second language learners who are learning 

another language and language modality (e.g., English-ASL learners) could pat-

tern similarly to deaf participants. Th e hypothesis tested here is that a diff erence 

in language modality between the fi rst and second language will have greater 

negative eff ects on second language working memory than when the fi rst and 

second language have the same modality. 

Predictions

In this study, a listening span task was implemented in order to investigate 

diff erences in working memory span for the fi rst and the second language. Ad-

ditionally, the diff erences between fi rst and second language working memory 

spans were examined by changing the language modality of the second language. 

A listening span task involves participants listening to a sentence and remember-

ing the last word in each sentence. At the end of a given number of sentences 

the participant is asked to recall the last words of each sentence in the order 

in which they were presented (see Daneman & Carpenter, 1980). In the present 

study, the listening span tasks for English and Spanish were similar to what has 

been reported previously. In regards to ASL, the learners watched videos of ASL 

sentences and recalled the last sign in each sentence. Th us, the use of “listening 

span” in the present study refers to normal modes of receptive comprehension 

for each respective language modality. A listening span task can, therefore, be 

implemented in both language modalities in order to capture working memory 

spans. Using this task, the following predictions were made:

1. Given that previous research has shown that L1 working memory span 

is bett er than in L2 (Ardila, 2003), it was predicted that the fi rst language 

listening span in English would be signifi cantly larger than the second 
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language listening spans in Spanish and ASL for both unimodal Spanish 

and bimodal ASL learners, respectively. Increased fi rst language span was 

posited to not only be due to language-specifi c diff erences, but also the 

quality of the representations. By testing this hypothesis, we can provide 

a replication of previous literature to add validity to our own experiment, 

but also provide additional evidence about working memory capacities 

across L1 and L2 that are modality-independent. 

2. Given that ASL learners are exposing their working memory system to a 

new type of language modality, either incorrectly into the phonological 

loop or the less-conditioned episodic buff er and/or visuospatial sketchpad, 

it was predicted that their L2 listening span would be signifi cantly smaller 

than Spanish learners’ L2 span. Th at is, it is hypothesized that second lan-

guage spans will be smaller for ASL learners compared to Spanish learners 

due to the language modality diff erentially biasing the subcomponent use 

and diff erences in code familiarity. Conversely, the Spanish students who 

have experience with a spoken code will demonstrate fewer diff erences 

between L1 and L2 span length based on the use of a practiced phonologi-

cal loop. Within-modality similarities and across-modality diff erences in 

L1 and L2 spans provides great insights into how language modality (or 

code similarity) is related to L2 acquisition. 

3. Given that the similarity of language modality is important to the predic-

tive power of traditional working memory measures (i.e., digit span) on L2 

acquisition, it was hypothesized that digit span will only predict L2 spans 

for Spanish students, not ASL learners, because of language modality dif-

ferences. Since the digits are sequentially stored and processed and within 

the same spoken modality, digit span will tap into the same phonological 

loop as Spanish; however, this will not be the case for ASL, which likely uses 

the visuospatial component. Th e diff erential eff ects of language modality 

on working memory span were examined using correlational analyses. A 

positive correlation between digit span and L2 span for Spanish learners, 

but not ASL learners, is important to our ability to locate how diff erential 

indexing in working memory impacts L2 comprehension across language 

modalities.  

4. Given that we have argued that language experience impacts ASL learn-

ers’ ability to correctly index information into working memory, it was 

hypothesized that there would be a concomitant increase in listening 

span as profi ciency increases. However, it was expected that only the 

ASL students, who are acquiring a diff erent code, would show a strong 

correlation between listening span and profi ciency. Spanish students may 

have an increase in their L2 working memory because they have bett er 

phonological coding abilities for rehearsal, but a marked gain should be 

mostly visible in the group with a diff erent language code. Th e investigation 
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of interlanguage dynamics, or how cognitive processes are modulated by 

L2 profi ciency, on working memory is important for understanding how 

individual diff erences infl uence acquisition of a second language (Williams 

& Newman, 2015). 

Taken together, the present study was designed to provide deeper insight 

into how language modality aff ects working memory in L2 learners. Th is study 

advances the state-of-the-art in second language acquisition by positing that 

learners who are acquiring a sign language as a second language must learn how 

to appropriately allocate visuospatial linguistic information from the phonologi-

cal loop to the visuospatial buff er. 

Method

Participants

Forty students from Indiana University participated in this study. Two groups 

of students were recruited based on their second language. Twenty students were 

low- to high-intermediate Spanish students who were currently enrolled or had 

taken 3rd and 4th semester Spanish courses. Similarly, there were 20 students who 

were currently enrolled in 3rd and 4th semester American Sign Language courses. 

All of the students completed a background questionnaire that collected individual 

profi ciency self-ratings on a scale including “very poor,” “fair,” “functional,” “good,” 

“very good,” and “ near native” in speaking, understanding, reading, and writing. 

In the case of ASL students, their reading and writing scores were not factored 

in as ASL does not have an offi  cial, commonly used writing system. Self-ratings 

have been shown to correlate with measured profi ciency (MacIntyre, Noels, & 

Clement, 1997; Bachman & Palmer, 1989). Profi ciency was also measured using 

language-specifi c assessments. Th e Spanish students took a translated version 

of Peabody Picture Vocabulary Test (Padilla, Lugo, & Dunn, 1986). Th e ASL stu-

dents took a Fingerspelling Reproduction Test (FRT; Visual Learning and Visual 

Language Center, Gallaudet University, Washington, D.C.; Morere, 2008). Given 

the relative scarcity of standardized ASL measures, the FRT was chosen because 

it was a rather accessible measure that had been used previously with deaf sign-

ers and is shown to correlate with ASL comprehension (Hauser, Paludneviciene, 

Supalla, & Bavelier, 2006; Mayberry & Eichen, 1991). In order to normalize scores 

that allow us to have a composite measure of individual profi ciency as well as 

to provide between-group comparisons, composite profi ciency scores were 

calculated by taking a ratio of percent correct of raw scores on the individual 

measures and their self-rating. Th e profi ciency scores ranged from 0 to 1 (and 

can be converted to percentages, if desired). A composite of 0 would indicate a 

naïve learner, 0.5 would indicate an intermediate learner, and a 1 would indicate a 

native-like learner. Composite profi ciency scores for the Spanish students ranged 

from 0.339 to 0.736 (M = 0.597, SD = 0.098). Composite profi ciency scores for the 
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ASL students ranged from 0.364 to 0.850 (M = 0.558, SD = 0.116). Th e composite 

scores did not signifi cantly diff er between groups, F(1,39) = 2.778, p > 0.1. We 

posit that these are good measures of profi ciency in our groups because they 

take into account actual L2-specifi c skills and self-rating. Furthermore, the pro-

fi ciency score correlates well with duration of L2-use (r = 0.636, p < 0.001) by 

both groups of learners. Th at suggests that this score measures profi ciency as a 

function of amount of input and learning. Although it could be argued that this 

composite profi ciency score measures diff erent constructs across the languages 

(ASL: sub-lexical knowledge; Spanish: lexical-semantic knowledge), analyses 

will be carried out with both composite and self-rating scores since self-rating 

is 1) a valid measure of profi ciency, 2) the same across groups, and 3) correlated 

with their composite score (r = 0.889; p < 0.001). 

Th e forward and backward English digit spans of the participants were also 

collected. A digit span task was included in order to capture another verbal 

working memory measure that has been shown to be a predictor for L2 language 

competence (see Ardila, 2003). Furthermore, we hypothesized that L1 digit span 

is only predictive of L2 working memory ability when the L1 and L2 share the 

same language modality. Th us, this hypothesis can be directly tested by examin-

ing correlations between digit span and L2 listening span. Any positive evidence 

to this hypothesis would also support the claims that ASL learners must use a 

visuospatial buff er rather than a verbal/phonological buff er.

Speakers / signers

Th ree native speakers of the target languages recorded the stimuli. Th e Eng-

lish speaker was a 24-year-old male native speaker from the United States who 

reported learning Spanish and ASL in his late teens. English was his dominant 

language. Th e Spanish speaker was a 35-year-old male native speaker from Cas-

tilian Spanish. He also speaks French, German, Haitian, Portuguese, and English. 

However, Spanish was his dominant language. Th e ASL signer was a 21-year-old 

male hearing bimodal bilingual. Th e bimodal bilingual was born hearing to deaf 

parents (CODA). He reported that his fi rst language was ASL and his second 

language was English, although they were learned at relatively the same time. 

English was his dominant language, but he reported to still use ASL every day. 

Stimuli

Th e task was a Listening Span Task (LST; Daneman & Carpenter, 1980) with 

a fi nal word translation task. Th e stimulus set consisted of 58 sentences. Th e 

sentences were videos of a native language user either speaking or signing the 

stimuli. Th e presentation mode controlled the amount of modality input so that 

results were not confounded by audio-only and visual-only conditions. Th e sen-

tences were selected from three sources: Pisoni, Manous, & Denina (1987), Speed 

and Capacity of Language Processing Test (SCOLP; Baddeley, Emslie, & Nimmo-
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Smith, 1992), and the Alloway Working Memory Assessment 2 (AWMA; Alloway, 

2007). Th e sentences were equally split into plausible (e.g., “Most people like to 

receive love.”) and implausible (e.g., “Fathers are younger than their daughters.”) 

sentences.  Th e 58 sentences in Spanish and ASL corresponded to the 58 English 

sentences. Spanish and ASL sentences were translated by the experimenters and 

validated by another native speaker/signer. For each language, there was a prac-

tice block and subsequently two blocks per length, ranging from 2-sentence sets 

to 7-sentences sets. Each block was constructed by randomizing the sentences 

and assigning sentences to each block. Randomization was done for each of the 

languages, as the sentences for all of the languages were identical. 

Digit span task was implemented in the learners’ fi rst language, English. Th e 

numbers were pseudo-randomly selected during stimulus design such that no 

sequence had the same digit twice. All participants heard the same sequence of 

numbers. Th ere were two lists: forward and backward. Both lists contained dif-

ferent sequences of numbers. Th ere were two trials of the same sequence length, 

starting at 2 and increased by one until 9.

Procedure

Th e students performed both English and the respective L2 LST. Following 

the traditional LST paradigm (Daneman & Carpenter, 1980), the students saw 

a sentence and were asked to judge whether it was plausible or implausible as 

quickly as they could. At the end of the plausibility judgments for all of the 

sentences within a set, the students were asked to recall the last word of each 

sentence as they were presented by typing in the English translation. For the 

English LST, participants had to provide the last word in the sentence in English. 

For the L2 LST, participants had to translate the last word from their L2 into 

English. A translation procedure was adapted in order to equate the task across 

the languages (i.e., regardless of the L2 modality, both groups had to respond in 

their L1). Additionally, given that there may be greater production variability in 

L2 ASL learners (see Hilger, Loucks, Qu into-Pozos, & Dye, 2015) and we were 

only interested in modality eff ects on comprehension, we did not want the 

production of the L2 words/signs to mar the subjects’ accuracy, especially with 

potential diff erences in production abilities across the two L2 learner groups. 

Th e students saw a practice set with 4 sentences. Aft er the practice, there 

were two blocks of the same number of sentences, increasing from 2 sentences 

to 7 sentences in a set. Regardless of the answers, all blocks were administered. 

Since the sentences were similar across the languages, the language order was 

counterbalanced across subjects. For example, the fi rst student would perform 

the English LST, then their respective language profi ciency tests, and fi nally 

their L2 LST. Th e next student would perform the L2 LST, the profi ciency tests, 

and fi nally the English LST. Th is was to wash out an ordering eff ect. Moreover, 

to reduce a potential eff ect of language, the profi ciency tests were interspersed 
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between LSTs to minimize remembering from one LST to the other. Th e sentences 

were pseudo-randomized across languages in order to prevent the same sentence 

from appearing in the same set across languages. Th ere are three measures for 

each LST task: a recall score, a plausibility score, and processing time. Th e recall 

scores were calculated only if all the words in a given set were recalled in the 

correct serial order, but regardless of plausibility rating. Scoring was based on 

correct word report judged by the Experimenter barring any spelling errors in at 

least one of the two sets of the same length. Th at is, if the participant recalled all 

the words correct in both sets at a given length (e.g., l = 2) but did not correctly 

recall all the words in either of the sets within the next length (e.g., l+1 = 3), then 

their score would be the previous correct set (e.g., 2). Similarly, if the participants 

recalled all the words in both sets correct at a given length (e.g., l = 2) and also 

recalled all the words in one of the two sets of the next length (e.g., l+1 = 3), then 

their score would be of that length (e.g., 3). Processing times were calculated only 

for the sentences for which plausibility responses were correct. 

Th e procedure for digit span measures was similar to the listening span task. 

Th e learner’s were presented a list of numbers aurally at about one digit per 

second. For the forward condition, the participants were to recall the sequence 

of numbers in the correct order in which they heard them. For the backwards 

condition, the participants recalled the sequence of numbers in the reverse order. 

Span was scored based on the same criterion as above. 

Results

Listening span

A 2 (language: L1 vs L2) by 2 (learner: Spanish vs. ASL) analysis of variance 

(ANOVA) of the listening spans was performed by subject to investigate diff er-

ences between the fi rst and second language listening spans across groups. Th ere 

Table 1. Presents the descriptive statistics for each measure in each language

Spanish ASL

Measure L1 L2 L1 L2

Profi ciency 0.61 0.56

LST Recall Score 4.75 3.05 4.8 2.45

LST Plausibility Score 98.20% 75.10% 98.30% 56.70%

LST Processing Time (s) 4.41 7.59 4.45 7.29

Forward Digit Span 6.5 6.5

Backward Digit Span 4 4.2
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was a signifi cant main eff ect of language (F
(1,38)

 = 190.319, p < 0.001, η
p
2 = 0.834). 

Th ere was also a signifi cant interaction eff ect of language across the learner groups 

(F
(1,38)

 = 4.902, p < 0.05, η
p
2 = 0.114). Simple eff ects analyses were run to understand 

the diff erences within the condition. Th ere was no eff ect of learner group in English 

(L1) listening span, F
(1,38)

 = 0.035, p = 0.852. However, there was a signifi cant eff ect 

of learner group in the second language (L2) LS, F
(1,38)

 = 6.874, p  < 0.05. Th e Spanish 

students had a signifi cantly higher L2 listening span (M = 3.05, SD = 0.759) than 

ASL students (M = 2.450, SD = 0.776). Th is cannot be att ributed to group profi ciency 

diff erences since both groups were similar in profi ciency (see Method section).

Plausibility

A similar 2 by 2 ANOVA (language by learner) was performed to investigate 

diff erences in the accuracy of plausibility judgments. Th ere was a signifi cant main 

eff ect of language (F
(1,38)

 = 546.841, p < 0.001, η
p
2 = 0.935). Th e interaction eff ect 

of language with learner group was also signifi cant (F
(1,38)

 = 44.429, p < 0.001, 

η
p
2 = 0.539). One-way ANOVAs were ran to understand the diff erences within 

the condition. Th e accuracy of plausibility judgments did not diff er across learner 

groups for their fi rst language, F < 1. Th e accuracy on the L2-LST did in fact diff er 

across groups (F
(1,38)

 = 41.245, p < 0.001), where the Spanish students were more 

accurate (M = 0.751, SD = 0.078) than the ASL students (M = 0.567, SD = 0.101).

Processing times

Another 2 x 2 ANOVA with the same within-subject factor of language and 

between-subject factor of learner group was performed to investigate diff erences 

between the processing times of plausibility judgments. Th ere was a main eff ect 

of language (F
(1,38)

 = 115.950, p < 0.001, η
p
2 = 0.753), such that all learners were 

signifi cantly faster for their L1 (M =  4.427, SD = 0.234) than their L2 (M = 7.444, 

SD = 0.372). However, there was no interaction with learner group, F < 1. 

Ad-hoc correlations

Ad-hoc correlation analyses were performed in order to investigate the 

eff ects of profi ciency on listening span as well as the ability for the digit span 

measure to predict L2 listening span. Th ere was a trending increase in L2 LS as 

a function of L2 profi ciency for ASL students (r = 0.386, p = 0.093, R2 = 0.149) but 

not for Spanish students (r = 0.053, p = 0.825, R2 = 0.003), see Figure 2. It could 

be argued that the composite profi ciency score is not equal across groups since 

it takes into account diff erent tests across the language groups. A secondary 

correlation analysis with L2 LS and L2 self-report showed similar results (ASL: 

r = 0.389, p = 0.090, R2 = 0.152; Spanish: r = -0.094, p = 0.695, R2 = 0.009).

We investigated the infl uence of profi ciency. Th ere was a signifi cant nega-

tive correlation between profi ciency and diff erences in L1 and L2 spans for ASL 

students (r = -0.554, p < 0.01) but not Spanish students (r = -0.083, p = 0.729). 
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Figure 1. Contains two regression plots correlating composite profi ciency scores and 

second language listening span for the ASL (left ) and Spanish (right) learners. Th ere is a 

positive correlation of profi ciency on span for ASL students, but not Spanish
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Figure 2. Shows that the diff erence between L1 and L2 spans changes as a function of 

profi ciency for ASL learners (left ), but not Spanish learners (right). Th is indicates that as 

the ASL learners become more profi cient, their L2 span approximates their L1
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Figure 2 indicates that profi ciency accounts for much of the diff erence (R2 = 0.307) 

for ASL students. Similarly, the results were the same when self-reported pro-

fi ciency was taken into account (ASL: r = -0.532, p = 0.016, R2 = 0.283; Spanish: 

r = -0.012, p = 0.959, R2 = 0.000). 

Th e relationship of traditional memory measures with the L1 and L2 spans 

was explored through the correlation between forward and backward digit span. 

Th ere was a positive correlation between the forward digit span and the L2 lis-

tening span for Spanish learners (r = 0.494, p = 0.027) but not for ASL (r = 0.076, 

p = 0.750). Th e backward digit span did not correlate with either group. 

General discussion

Th e goal of the current study was to investigate the role eff ect of language 

modality on working memory capacity of second language learners and how 

interlanguage dynamics reallocates processing in working memory based on 

language modality. Th is study extends our understanding of the interaction 

between working memory and language modality in a number of ways. First, 

this study demonstrated a reliable diff erence in listening span between groups 

acquiring a second language in a diff erent modality. Furthermore, there are 

diff erential working memory eff ects between fi rst and second language spans 

as a function of language modality and profi ciency. Lastly, traditional memory 

capacity measures predict same-modality spoken second language listening span, 

but not diff erent-modality listening span.

L1 vs. L2 working memory

Th e present study used a listening span task in order to investigate working 

memory capacity for both fi rst and second languages. Th e listening span task al-

lowed for an investigation into working memory during sign or spoken language 

comprehension, which accommodated the fact that there is no widely used writt en 

system in ASL. Also, the span task taxed and engaged the working memory system 

to drive maximal diff erences across language modalities. Our results showed the 

amount of L2 information that can be recalled from working memory is less than 

L1 linguistic information. A decreased L2 span compared to L1 comes as no surprise 

as the quality of the L2 representations are thought to decay more quickly within 

memory (Miyake & Friedman, 1998). Th erefore, despite diff erences in language 

modality, learners are less able to store and manipulate second language represen-

tations in working memory compared to their fi rst language.

WM and language modality

Th e role of diff erent language modalities is important to theories of working 

memory in second language acquisition as well as working memory in language 

processing in general. Th is study demonstrated that the ability to encode and 
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retrieve linguistic information in working memory diff ers based on language 

modality. Although this has been shown in previous studies that investigated 

working memory in native deaf signers, this is the fi rst study to investigate the 

role of language modality in second language acquisition. Examining second 

language learners’ performance allows for an investigation into diff erences in a 

working memory system that is already att uned to a specifi c code and indexing 

strategy. According to Hirshorn et al. (2012), hearing speakers have a preference 

(i.e., relative bias) for using the phonological loop to process spoken languages, 

whereas deaf signers have a preference for the visuospatial sketchpad. Th ese bi-

ases arise out of the nature of the language modality itself. In the case of hearing 

ASL learners, their system is already biased to a highly temporal, spoken-language 

code typically processed in the phonological loop. We hypothesized that their 

phonological working memory is bett er than their spatial working memory (see 

Emmorey, Kosslyn, & Bellugi, 1993 for ASL advantage in spatial working memory 

tasks). Th us during second language acquisition, or the acquisition of another 

code, their working memory system has to accommodate these changes. Indeed, 

the hypothesis was confi rmed. ASL learners had signifi cantly lower listening 

spans than their Spanish learner counterparts.

Furthermore, the diff erence between fi rst and second language spans was 

signifi cantly reduced with increased profi ciency for the ASL students, but not 

the Spanish students, which indicates that ASL students might learn how to ma-

nipulate visuospatial linguistic information over time. Th at is, the stable spans for 

Spanish students across profi ciency levels may be att ributed to their L1 expertise 

in phonological processing, whereas ASL learners had to learn to manipulate the 

visual signs over time, slowly increasing the amount of information that can be 

stored, manipulated, and/or recalled from working memory. 

It is tempting to att ribute diff erences between ASL and Spanish L2 spans to 

general span diff erences across language modalities [e.g., native deaf ASL signers 

have signifi cantly lower digit spans (i.e., 5±1) than typical hearing native English 

speakers (i.e., 7±2)]. However, this may not be the case. Previous research has 

shown that the mean digit span for native Spanish speakers is 5.8 (Ardila, 2003) 

and for native deaf signers is 5±1 (Morere & Allen, 2012). Th erefore, the native 

benchmark in this study is relatively the same for both learner groups. Spanish 

learners were able to bett er approximate their native benchmark, whereas the 

ASL students were not. We argue that the diff erences between ASL and Spanish 

L2 span is not due to a diff erence in proportional native benchmarks, but rather 

to the possibility that ASL students are trying to use the phonological loop to 

processes visuospatial information or, more probably, that they have less experi-

ence using the visuospatial sketchpad to store linguistic information. 

Here it was hypothesized that signed and auditory languages are biased to 

use visuospatial and phonological working memory systems, respectively. Th is 

diff erential use of these two WM systems, along with the fact that the capacities 



144 SECOND LANGUAGE WORKING MEMORY DEFICITS

of these systems are not necessarily correlated (Park et al., 2002) may account for 

diff erences in the relationship between L1 and L2 span observed (see Figure 2). In 

other words, a possible explanation for an ASL learner who has a small L1 span 

but a high L2 span may be that they have poor phonological working memory 

but enhanced visuospatial working memory. Conversely, an ASL learner who has 

a large L1 span but a low L2 span may have poor visuospatial working memory. 

However, Spanish learners are not hypothesized to have these diff erential working 

memory eff ects, as their L1 and L2 lie within similar modalities. Th is means that 

the diff erences in modality necessitates diff erential indexing strategies: allocation 

to either phonological or visuospatial buff ers. Although this is unknown from 

the present study, as we did not collect spatial working memory measures, such 

a mechanism would provide an account for these diff erential working memory 

eff ects. Diff erential eff ects seem to arise from the extant system and how rela-

tive bias is preferentially allocated. Th e preferential indexing could be a ‘learned’ 

process that increases with profi ciency. 

As an alternative strategy, driven by the demands of the translation task, all of 

these students may be immediately recoding from their second language to their 

fi rst language in order to maintain and rehearse the last word of the sentence in 

the phonological loop. Th us, the conversion of phonologically similar languages 

(i.e., Spanish to English) does not hinder the working memory system relative 

to the fi rst language as much as the converting from phonologically distinct 

systems (i.e., ASL to English). Nevertheless, this strategy does not preclude or 

dissociate itself from ineffi  cient allocation of the code to the appropriate slave 

system. Th e defi cits derived from recoding (or translating) can be att ributed to 

the hearing ASL learners having a bias towards sending the initial ASL informa-

tion to the inappropriate slave system. Th us, whether the learners are rehearsing 

the last word/sign of the sentence in their L1 or their L2, the initial allocation 

within the memory system is infl uenced by the learners’ bias, leading to initial 

or long-term indexing errors. Indexing errors (i.e., sending information to the 

wrong slave system) can ultimately account for diff erences between the ASL 

and Spanish span lengths. 

WM, modality, and L2 profi ciency 

Th e fact that the L2 listening spans of more profi cient ASL learners started 

to approximate the L2 span of the Spanish students suggests that the system 

can overcome modality defi cits and increase the ability to store and manipulate 

visuospatial information, as well as recoding it into verbal information. Th is in-

dicates a greater plasticity in indexing strategy as a function of profi ciency. Th is 

could be important to increased grammatical competence in ASL L2 learners, 

as they can increase the amount of information that can be allocated to work-

ing memory. Although learners may be able to reallocate linguistic information 

to specialized, modality-specifi c subcomponents, there could be limitations on 
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the approximation to L1 processing. Th at is, the ASL learners’ spans may still 

plateau at a length around 5 due to the constraints seen in deaf signers, similar 

for the Spanish learners and the native Spanish constraints. Nevertheless, the 

ability to bett er allocate information into the working memory system for L2 sign 

language provides a future avenue for research into training working memory 

to facilitate language learning. It should be noted that we are not claiming that 

absolute working memory capacity is changing as a function of profi ciency or 

language modality; rather, the ability to index appropriate phonological or vi-

suospatial information into the corresponding working buff ers improves with 

language exposure and competence. 

On a practical note, the correlation between L1 digit span and Spanish L2 

listening span (r = 0.494) is indicative that digit span measures spoken-language 

specifi c capacity over that of signed language. Th us, a connection between tasks 

and cognitive outcomes has an important impact on the measurement of working 

memory in ASL L2 research. Th e modality aff ords more spatiotemporal process-

ing, and thus any ASL L2 research that requires a cognitive measure of memory 

must accommodate visual language aff ordance by administering spatial memory 

tasks (e.g., Corsi block test). As mentioned in Hirshorn et al. (2012), the diff er-

ences in language modality and in the types of results seen across tasks need 

to be explicitly accounted for by the mechanisms that are theorized to underlie 

the task. Language-specifi c and task-specifi c manipulations may provide further 

insight into the structure and function of the working memory system. 

Conclusion

In conclusion, this study provides the fi rst account of how language modality 

aff ects working memory capacity for diff erent groups of second language learners. 

Th is study also provides reasoning to change how L2 working memory in ASL 

students is measured for research purposes, as digit span may be testing another 

construct. More importantly, this study shows that learners may be able to change 

how specifi c information is allocated to a given working memory based on a 

specifi c language modality, and the defi cit induced by learning a second language 

modality can be overcome to approximate that of second language learners.
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