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Abstract
Acquisition of natural language has been shown to fundamentally impact both one’s ability to use the first language and the ability to learn
subsequent languages later in life. Sign languages offer a unique perspective on this issue because Deaf signers receive access to signed input
at varying ages. The majority acquires sign language in (early) childhood, but some learn sign language later—a situation that is drastically
different from that of spoken language acquisition. To investigate the effect of age of sign language acquisition and its potential interplay with
age in signers, we examined grammatical acceptability ratings and reaction time measures in a group of Deaf signers (age range ¼ 28–58
years) with early (0–3 years) or later (4–7 years) acquisition of sign language in childhood. Behavioral responses to grammatical word order
variations (subject–object–verb [SOV] vs. object–subject–verb [OSV]) were examined in sentences that included (1) simple sentences, (2)
topicalized sentences, and (3) sentences involving manual classifier constructions, uniquely characteristic of sign languages. Overall, older
participants responded more slowly. Age of acquisition had subtle effects on acceptability ratings, whereby the direction of the effect
depended on the specific linguistic structure.
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Introduction

Two factors that are known to affect language ability are age and the

time point when someone has acquired a language (i.e., from birth, in

childhood, or as an adult; Calabria et al., 2015; Capilouto et al., 2016;

Malaia & Wilbur, 2010). Exposure to a natural language in early

infancy, which triggers language acquisition, is a crucial factor deter-

mining not only the eventual linguistic proficiency but also the

cognitive and socioemotional development (Cheng & Mayberry,

2019). The majority of Deaf children do not have access to sign

language from birth.1 This is due to the facts that (a) most Deaf

children have hearing parents and (b) the educational system for Deaf

children does not provide access to sign language by early interven-

tion from birth. Hence, many Deaf children acquire sign language in

Kindergarten or in Deaf school primarily from Deaf peers.2 Some

Deaf children get access to sign language even later in life, that is, in

adolescence or as young adults (Mayberry, 2007; Mayberry &

Kluender, 2018). Only *5% of Deaf children are born to Deaf

parents and acquire sign language from birth (see Mitchell and

Karchmer, 2004, for American Sign Language [ASL]). Because the

majority of Deaf children do not have full access to sign language in

early life and for many of them the acquisition of spoken language

through hearing aids or cochlear implants is problematic, many Deaf

children suffer from language deprivation, which may have tremen-

dous negative effects on child development (Hall et al., 2019;

Humphries et al., 2014).

The present study focused on the relationship between the

effects of age of language acquisition (AoA) and age on three

distinct levels of linguistic processing (pragmatic, semantic, and

syntactic) in Deaf signers of Austrian Sign Language (ÖGS or

“Österreichische Gebärdensprache”). In the following sections,

we briefly summarize separate bodies of literature that investigated

effects of AoA and age on different levels of linguistic processing

and outline linguistic features of sign languages that were critical

for the research design.

Relationship Between Aging and Linguistic Processing

Studies examining the effect of aging on language proficiency sug-

gest that healthy aging (i.e., aging without any neurological disor-

ders) impacts spoken language abilities in different ways: while

some aspects of linguistic processing remain stable across the life

span, others either decline or improve over time. Specifically,

semantic processing and lexical retrieval are relatively unaffected

by age (Beese et al., 2018).

On the other hand, both the processing of more complex syntac-

tic constructions and the retrieval of phonological and orthographic

information about a word decline with age (Thornton & Light,
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2006; Wingfield et al., 2003). Language production has been shown

to be more vulnerable to negative effects of aging, as compared to

language comprehension (e.g., James & MacKay, 2007). For exam-

ple, older speakers produce more off-topic utterances (Arbuckle

et al., 2000) and experience more tip-of-the-tongue states3

(Abrams, 2008; Evrard, 2002). While older speakers’ language

comprehension abilities remain intact at the single-word level

(e.g., Burke & MacKay, 1997), comprehension and retention of

sentences with more complex grammatical structures, or ambigu-

ous sentences, become more difficult with age (e.g., Burke &

Shafto, 2008; Johnson, 2003).

At the same time, older speakers have an increased vocabulary

(e.g., Park et al., 2002; Verhaeghen, 2003). Older adults are also

better storytellers (James et al., 1998; Kemper et al., 1989) and can

be more accurate in lexical decision tasks (e.g., James & MacKay,

2007). Recent research shows that effects of age on language acqui-

sition are observed as early as 40 years of age (Fernandez et al.,

2019). The present study focused on sign language processing of

Deaf participants between 28 and 58 years of age.

Studies examining the effect of aging on language processing

have almost exclusively focused on spoken language (in auditory or

written form), as opposed to sign language. As a result, less is

known about the sign language ability trajectory over the life span

or about age effects on proficiency in linguistic subdomains of sign

language—lexical, syntactic, or pragmatic. There exists some

research in atypical sign language processing in aging populations,

such as in older signers suffering from dementia (Atkinson et al.,

2015) or Parkinson’s disease (Brentari et al., 1995). The trajectory

of sign language processing during the life span in neurologically

healthy signers has not been studied. Knowledge about the effects

of aging on sign language processing can provide a more compre-

hensive answer to the question of how aging influences language

processing, for example, by comparing the effects of age across

modalities in which language is expressed. Only the investigation

of both spoken and sign languages can provide differentiation

between the effect of aging due to the decline of perceptual abilities

(i.e., auditory and visual perception abilities) and the effect of aging

on linguistic processing.

Relationship Between Age of Acquisition and Linguistic
Processing

In spoken language research, AoA is mainly considered in the

context of L2 learning, as the exposure to L1 in the hearing com-

munity is universally early. The effects of AoA on L1 spoken

language acquisition could only be assessed in exceptional cases

of isolated children who did not receive any language input in early

childhood (e.g., Fromkin et al., 1974). Studies examining the

effects of AoA on language processing show that the acquisition

of a natural language early in life is a crucial factor that impacts L1

proficiency and the ability to learn additional languages later in life.

An L1 acquired in infancy facilitates L2 learning regardless of the

language modality (spoken or sign) of the early L1 or the later

acquired L2 (cf. Mayberry et al., 2002).

Sign languages offer a unique perspective on the effects of AoA

because the majority of signers acquire their primary language (i.e.,

sign language) later in life. The vast majority of Deaf children are

born to hearing parents and have no access to sign language from

birth. Late learners of L1 can provide unique data for studying the

effects of AoA on different components of language ability (e.g.,

potential differential effects of AoA timing on syntax, pragmatics,

semantics).

At the abstract (modality-independent) level of linguistic anal-

ysis, sign languages (including ÖGS) are similar to spoken lan-

guage in that they are organized hierarchically: lexical items,

constructed from phonetic (distinctive, sublexical) features, are

combined into sentences using inflectional4 and derivational5 mor-

phemes (Wilbur, 2015, 2018), while sentence structure is governed

by syntactic rules (Padden, 1983; Schalber, 2015). Sign languages

are produced by manual and nonmanual means. Each sign consists

of a handshape (and its orientation), a place of articulation, and

(most of the time) a specific movement pattern. Nonmanual mark-

ings include linguistically significant expressions of the face (eye-

brow raises/furrows, blinks, mouth expressions), head (nods, tilts),

and posture (shoulder stance changes). Nonmanual markings are

relevant on all levels of sign language grammar, although the inven-

tories and linguistic relevance of nonmanual markings differ across

sign languages (Wilbur, 2000).

Prior research has suggested that late AoA detrimentally affects

signers’ proficiency in both morphology and syntax (Boudreault &

Mayberry, 2006; Emmorey et al., 1995; Malaia et al., 2020). Pro-

duction studies examining ultimate attainment at the morphosyntac-

tic level indicated that Deaf nonnative signers are less accurate in

shadowing ASL narratives6 or recalling ASL sentences (Mayberry &

Fischer, 1989). With regard to comprehension, late learners of sign

language L1 perform worse than Deaf native signers: they are less

sensitive to verb agreement violations (Emmorey et al., 1995) and

less accurate in grammaticality judgment for ASL sentences

(Boudreault & Mayberry, 2006). More recent research investigating

school-aged native and nonnative Deaf signers confirms that later

exposure to sign language negatively impacts grammatical judgment

of the signers (e.g., Novogrodsky et al., 2017). While AoA has an

impact on late learners’ linguistic knowledge, their cognitive func-

tion is unimpaired (as assessed by performance on nonverbal cogni-

tive tasks; cf. Mayberry & Eichen, 1991; Mayberry & Fischer, 1989).

Phonological7 and lexical processing in sign language are also

strongly influenced by AoA; the two have been often studied in

concert, as phonological features strongly affect lexical processing

in primarily monosyllabic sign languages. Different error patterns

have been reported for native and nonnative signers in narrative

shadowing and recall: while native signers’ errors are more often

related to the semantics of the stimulus (i.e., they use a different

semantically related sign instead of the target sign), nonnative sign-

ers make errors which are related only to the phonological form of

the sign (i.e., replacing the target sign by a phonologically related

sign that shares two of the three formational parameters with the

stimulus sign: handshape, location, or movement), resulting in a

nonmeaningful response sentence (Mayberry & Fischer, 1989).

These phonological–lexical errors in language production in late

learners are negatively correlated with both signers’ comprehension

accuracy and AoA (Mayberry & Eichen, 1991; Mayberry &

Fischer, 1989). Eye-tracking has indicated that native Deaf signers

are sensitive to the phonological structure of signs during lexical

recognition, while nonnative Deaf signers are not. This finding

suggests different organization of late signers’ mental lexicon, as

compared to early learners’ (e.g., Lieberman et al., 2015). Native

and nonnative Deaf signers also differ in comprehension of phono-

logical features (Hildebrandt & Corina, 2002; Orfanidou et al.,

2010) and in performance on lexical decision tasks (Carreiras

et al., 2008; Dye & Shih, 2006).
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Remarkably, the length of language experience in signers who

acquired sign language later in life does not correlate with profi-

ciency (Mayberry & Eichen, 1991; Newport, 1990). For example,

an investigation of signers’ performance on tasks requiring knowl-

edge of complex ASL verb morphology8 (e.g., verb agreement; see

below for a more detailed description of verb agreement in sign

languages) indicated that linguistic performance declined as a

linear function of AoA, even though all participants had at least

30 years of experience with ASL (Newport, 1990). Thus, the delay

in acquisition of sign language irretrievably affects language pro-

cessing at the levels of phonology, semantics, and syntax.

The nature of the experimental task is an important factor in

performance assessments for AoA studies. The existing literature

indicates that similar linguistic structures may be differently

affected by AoA depending on the nature of task requirements in

the experiment. For example, while Newport (1990) reported no

effect of AoA on basic word order processing in late signers,

another study (Boudreault & Mayberry, 2006) indicated a signifi-

cant effect. While Newport’s (1990) study used a sentence-to-

picture matching task asking about the implicit comprehension of

the meaning (semantics), Boudreault and Mayberry (2006) asked

signers to judge signed sentences with respect to grammaticality

(i.e., relying on signers’ metacognition and explicit knowledge of

syntax), which might have yielded the differences in processing.

Relationship Between Age and AoA in Sign Language:
Study Design

Previous research reported effects of AoA on sign language pro-

cessing, as well as effects of aging on spoken language abilities. It is

an open question, however, whether and how the factors of AoA

and Age affect different levels of linguistic processing in signers.

Besides effects of word order, we studied three distinct levels of

linguistic structures in ÖGS (semantic, syntactic, pragmatic). Rel-

evant linguistic features of word order, topicalization, and classi-

fiers in sign languages are summarized below.

Verb agreement and word order in sign languages (syntactic level).
In sign languages, discourse referents can be referenced in the

three-dimensional signing space in front of the signer by manual

index signs (pointing signs). Verb agreement can be expressed by

spatial modification of the beginning and ending location of the

movement of the verb sign. Typically, the verb that has a directional

motion component (often called “agreeing verb”) moves from the

location associated with the subject argument toward the location

associated with the object argument (e.g., Fischer, 1975; Padden,

1983; see Figure 1). Some verbs indicate verb agreement by hand

orientation (sometimes in addition to path movement), whereby the

palm and/or the fingertips face toward the location associated with

the object argument (so-called facing; Brentari, 1989). The basic

and preferred word order of ÖGS is SOV (Krebs etal., 2018; Krebs

et al., 2020; Krebs et al., 2019; Wilbur, 2002). However, OSV

orders are possible (and grammatical) in sentences with agreeing

verbs or classifier signs (Krebs, 2017; Krebs et al., 2018). In these

sentences, the referent at which an agreeing verb begins is consid-

ered the subject (regardless of whether it is the first or the second

noun in the sentence), and the referent at which an agreeing verb

terminates is the object.

Topic marking in sign languages (pragmatic level). Topic, as a

marker of information structure (pragmatics), has the same function

in sign languages as in spoken languages: the topicalized argument

is in focus, that is, emphasized (Wilbur, 2012). Topic marking

changes the interpretation of the sentence at the level of information

structure/pragmatics. In ÖGS, as well as in other sign languages,

topic marking is expressed by nonmanual markings, and the topic is

in sentence-initial position (often followed by a pause) (Aarons,

1996; Hausch, 2008; Ni, 2014). Topicalized stimuli in the present

study use the same sentences in the simple condition; however, the

first argument in topicalized sentences has nonmanual topic mark-

ing (see Figure 2).

Classifiers in sign languages (semantic level). Classifiers in sign

languages are specific handshapes that are bound to verbs to

express handling, motion, and/or location of referents (Frishberg,

Figure 1. A Static Word-by-Word Representation of an ÖGS Sentence in SOV vs. OSV (Simple Word Order) Condition. In both constructions (SOV and

OSV), the argument noun phrases (in this case, GIRL) were signed in the same order and were referenced at the same points in space, that is, the first

argument was always referenced at the left side of the signer (IX¼ index/pointing sign). The path movement of the sentence-final critical verb sign (agreeing

verb HELP) unambiguously marks the argument structure by movement from subject to object location. The signs indicating argument structure are marked

by arrows. The sentence shown means, “the girl helps another girl (either the one referenced on the left side helps the one referenced on the right side or

vice versa),” the figure demonstrates differences in the conditions: the sentences are signed in full for each specific stimulus. SOV ¼ subject–object–verb;

OSV ¼ object–subject–verb; ÖGS ¼ Österreichische Gebärdensprache.

Krebs et al. 3



1975); classifiers express specific meanings and are part of the

lexicon in sign languages (Brentari & Padden, 2001).9 The classi-

fier handshapes used in the present study denote physical properties

of the two entities/human beings (see Figure 3). It is important to

note that classifiers are linguistically complex constructions, and

not mere gestures, as indicated by protracted and error-prone course

of L1 and L2 acquisition of sign language classifiers (Marshall &

Morgan, 2015; Newport, 1990; see Online Appendixes A and B for

a more detailed description of the stimuli).

We investigated the effects of AoA and age on the process-

ing of the three distinct levels of linguistic structures in ÖGS

(semantic, syntactic, pragmatic) described above using a linguis-

tic acceptability task. Using this task allows us to compare our

data with previous research on AoA effects on sign language

sentence processing that used similar tasks (e.g., Boudreault &

Mayberry, 2006; Emmorey et al., 1995; Henner et al., 2016;

Novogrodsky et al., 2017).

All stimuli sentences in our study included two argument noun

phrases (subject and object) and a sentence-final verb (which is the

normal position in ÖGS). The stimuli varied in word order (SOV

orders [SO] vs. OSV orders [OS]), both of which are acceptable as

grammatical by native signers (Krebs, 2017). Additionally, one

third of the stimuli sentences contained topic constructions10 (prag-

matic marker), and another one third contained verbal classifier

constructions (the stimuli used in the study are fully described in

the Online Appendix [Table 1] and in Figures 1 to 3).

The hypotheses tested in the present study were framed based on

results of previous studies examining the effects of AoA on various

linguistic structures. For example, previous research on ASL indicated

that the processing of basic word order is unaffected or minimally

affected by AoA (Boudreault & Mayberry, 2006; Newport, 1990).

Newport (1990) reported that AoA does not affect comprehension and

production of basic sign order in ASL. In addition, Boudreault and

Mayberry (2006) observed that although late AoA does have a detri-

mental effect on comprehension of both simple and complex struc-

tures in signed sentences, comprehension of basic sign order is

relatively intact in contrast to more complex constructions (as indi-

cated by the accuracy of participants’ responses; response latency was

not affected by AoA).

The effects of AoA on the processing and comprehension of

pragmatic features (such as topic marking) have not been previ-

ously examined in sign languages. However, late learners of sign

languages have been reported to not produce nonmanual topic

markings; this might indicate that late learners experience difficul-

ties at this level of linguistic structure (Cheng & Mayberry, 2019).

Finally, comprehension of specific semantic classes of words, such

as classifier constructions, has been reportedly affected by AoA

(Boudreault & Mayberry, 2006). However, signers showed rela-

tively high sensitivity with respect to the grammatical structure of

classifier constructions. The same study indicated an interaction

Figure 2. A Representation of Nonmanual Topic Marking in ÖGS. In the

stimulus material used in the present study topic marking accompanies the

sentence-initial argument and the index sign referencing this argument.

Topic marking is expressed by raised eyebrows, wide eyes, chin directed

toward the chest, and an enhanced mouthing. ÖGS ¼ Österreichische

Gebärdensprache.

Figure 3. A Static Word-by-Word Representation of an ÖGS Sentence in SOV vs. OSV Conditions With Classifier Predicates. GIRL CL-LOCATED3a GIRL

CL-LOCATED3b 3aCL-JUMP3b, “two girls stand opposite each other and the girl on the left jumps towards the girl on the right,” and GIRL CL-LOCATED3a

GIRL CL-LOCATED3b 3bCL-JUMP3a, “two girls stand opposite each other and the girl on the right jumps towards the girl on the left,” the sentence-final

classifier predicate indicates the spatial relation between the arguments by movement from subject to object location. Both arguments were referenced in

space by a classifier handshape (in this case, the two referents are placed in space in a way indicating that they are standing opposite each other with more

distance between them) and then either the hand representing the first referent (signer’s left hand in SOV orders) or the second referent (signer’s right hand

in OSV orders) started to move, that is, indicating the active referent. The sentence shown means, “two girls stand opposite each other and one of them

(either the one on the left or the one on the right side) jumps towards the other,” the signs indicating argument structure are marked by arrows. The figure

demonstrates differences in the conditions: the sentences are signed in full for each specific stimulus. SOV ¼ subject–object–verb; OSV ¼ object–subject–

verb; ÖGS ¼ Österreichische Gebärdensprache.
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between AoA and grammaticality of the stimulus: late signers made

more errors in the task when it came to ungrammatical sentences.

However, ungrammatical sentences with classifiers were less

affected by AoA, in contrast to other morpho-syntactically complex

constructions. Yet, despite relatively intact comprehension of classi-

fiers, late learners have been reported to produce fewer classifiers in

comparison to native signers (Newport, 1990). This finding suggests

a difficulty late learners might have in integrating semantics of clas-

sifiers with the syntactic structure of the sentence in production.

To assess signers’ comprehension of various linguistic

structures, we designed a linguistic acceptability task, which

yielded acceptability rating and response time data. Participants

were shown videos of three sentence types: simple sentences,

sentences with a nonmanual topic marking, and sentences in

which a classifier verb was used. Sentences in each of the con-

ditions were manipulated such that they varied in word order—

SOV versus OSV. Participants’ ages and ages of sign language

acquisition (AoA) varied considerably, providing a testing

ground for assessing relative effects of age and AoA on syntac-

tic, semantic, and pragmatic processing in ÖGS. Based on the

inferences from previous research, this design aimed to test the

following hypotheses:

1. Age is expected to affect reaction times, leading to overall

slower reaction times in older participants. At the same

time, older participants have more experience with lan-

guage and are thus likely to rate a variety of linguistic

structures as more acceptable.

2. Earlier age of sign language acquisition (AoA) is expected

to facilitate syntactic processing. Early learners (in compar-

ison with later learners) are thus expected to give higher

acceptability ratings to sentences with more complex syn-

tactic structures, such as sentences with OSV word order.

3. Later age of sign language acquisition is hypothesized to be

associated with a greater reliance on semantic/iconic process-

ing (classifiers) than on syntactic or pragmatic processing.

Method

Materials and Procedure

Participants were presented with video clips of full grammatical

sentences in ÖGS containing (1) simple word order sentences, (2)

topic constructions, and (3) classifier constructions; each sentence

conformed either to SOV or to OSV word order.

Forty stimuli sentences were presented for each of the six con-

ditions. All sentences were grammatical and acceptable to native

signers (for examples of the experimental conditions, see Table 1,

Online Appendix B). Participants were asked to watch the videos of

signed sentences and give an acceptability judgment for each sen-

tence on a 7-point Likert-type scale (1 ¼ that is not ÖGS at all, 7 ¼
that is good ÖGS). After each video (i.e., after each sentence) a

green question mark appeared lasting for 3000 ms. The participants

were instructed to give their ratings when the question mark

appeared by a button-press on the keyboards. Missing responses

or responses made after the question mark disappeared (3000 ms

after the video) were not included in the analysis. The sentences

were presented in pseudorandomized order (see Online Appendixes

A, B, and C for further details on materials and procedure).

Participants

Fifteen participants (female: N ¼ 8, male: N ¼ 7, age M ¼ 40.13,

SD ¼ 11.03; age range ¼ 28–58 years) took part in the study. All

were born Deaf or lost their hearing early in life. Participants came

from different areas of Austria and acquired ÖGS at varying ages.

Due to privacy concerns, age of sign language acquisition was

coded within approximate ranges: 0–3 years of age (N ¼ 5) and

4–7 years of age (N¼ 10); an age/AoA distribution plot is presented

in Figure 4. All of the participants used ÖGS as their primary

language in daily life and were members of the Deaf community

in Austria. Participants’ proficiency was independently evaluated

as part of the consent procedure by an ÖGS interpreter; only data

from proficient participants who understood and carried out the

acceptability rating task correctly were used in the analysis. Each

participant received 30€ as reimbursement.

Data Analysis

The design of the experiment included the between-subjects vari-

able AoA (with the two groups: 0–3 years of age and 4–7 years of

age) and the within-subjects variables (word) order (SO, OS) and

(linguistic) structure (simple sentence, topic orders, classifiers; see

Table 1 in Online Appendix B). Age (centered) was included as a

continuous covariate. The statistical analyses for the two dependent

variables acceptability rating and reaction time were conducted

using mixed-effects models (see Online Appendix D, model

specification).

Mean acceptability ratings and mean response times were cal-

culated based on AoA (ÖGS acquisition between 0 and 3 years

of age, N ¼ 5; between 4 and 7 years of age, N ¼ 10). We also

calculated mean acceptability ratings and response times for parti-

cipants before and after age 40 (younger than 40 years of age,

N ¼ 9; older than 40 years of age,11 N ¼ 6).

Results

Acceptability Ratings

Mean acceptability ratings for the reversed-video filler condition

confirmed behavioral compliance of the participants with the

task (mean ratings for the filler items: 0–3 AoA group: M ¼
1.96, SD ¼ 1.36; 4–7 AoA group: M ¼ 1.43, SD ¼ 1.16).12

Overall, the mean acceptability ratings ranged from 4.19 to 6.96

(M ¼ 5.75, SD ¼ 1.55). Mean acceptability ratings for the two

AoA groups are presented in Figure 5.

Table 1. Acceptability Ratings: Summary of Significant Results.

Predictors Estimates

Standard

error z Value p

Structure (classifier sentences) �.37 .15 �2.51 <.05

Structure (topic sentences) .22 .09 2.42 <.05

Structure (classifier sentences):

AoA (0–3 group)

.40 .06 6.31 <.001

Structure (topic sentences]:

AoA (0–3 group)

�.20 .06 �3.20 <.01

Age: word order (OS) �.008 .004 �1.86 .06

Age: word order (OS):

AoA (0–3 group)

�.009 .004 �2.08 <.05

Krebs et al. 5



The mixed-effects model for acceptability ratings revealed sig-

nificant main effects of linguistic structure (Table 1, significant

results; also see Online Appendix E for all results).

Classifier sentences were rated lower than average (i.e., lower

than the grand mean over all conditions). Topic sentences were

rated higher than average. In the analysis of acceptability ratings,

age and AoA effects were specific to linguistic structures as

revealed by two- and three-way interactions discussed further.

Two-way interactions that reached significance included inter-

actions of age of acquisition and sentence type, indicating that

classifier sentences were rated higher within the 0–3 AoA group

compared to the 4–7 AoA group (sentences with classifiers:

0–3 AoA group: M ¼ 5.66, SD ¼ 1.40; 4–7 AoA group: M ¼ 5.28,

SD ¼ 1.92), and topic sentences were rated lower within the

0–3 AoA group compared to the 4–7 AoA group (topic sentences:

0–3 AoA group: M ¼ 5.74, SD ¼ 1.37; 4–7 AoA group: M ¼ 6.08,

SD ¼ 1.30).

The three-way interaction between age and word order with

AoA indicated that older participants from the 0 to 3 AoA group

gave lower acceptability ratings to OS orders (Figure 6). Figure 6

further illustrates the trend that acceptability ratings for both OS

and SO word orders increased as signers were aging.

Figure 5. Acceptability Ratings by the Two AoA Groups (0–3 AoA Group [N ¼ 5] vs. 4–7 AoA Group [N ¼ 10]) Across Experimental Conditions, With

Higher Ratings for Simple and Topic Sentences but Lower Ratings for Classifiers for the 4–7 AoA Group Compared to the 0–3 AoA Group.Whiskers

indicate SD. Note that the limit on the rating was 7; 8 on the graph is for the purposes of illustrating standard deviations.

Figure 4. The Two Groups of AoA (A: AoA Between 0 and 3; B: AoA Between 4 and 7) Plotted Against Age Ranging From 28 to 58 Years of Age. Three

participants were 54 years old and two participants were 33 years old (marked by the number in parentheses above the data point). Slight collinearity

between AoA and age (R2 ¼ .05) is observed.
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Reaction Times

Overall, the mean reaction times ranged from 408 ms to 1785 ms

(M ¼ 945, SD ¼ 586).

The linear mixed model analysis revealed a significant main

effect of age (estimate: 0.02, CI: 0.0009, 0.047, p < .05). Mean

reaction times for younger (than 40) versus older (than 40)

signers are presented in Figure 7. Older signers showed overall

higher reaction times compared to younger signers (older sign-

ers, reaction time M ¼ 1117, SD ¼ 549; younger signers, M ¼
830, SD ¼ 581). No additional significant effects were

revealed.13

Discussion

Our study assessed the effects of participants’ age and age of sign

language acquisition (AoA) on acceptability ratings and response

times to linguistic phenomena at the levels of semantics (sentences

with classifiers), syntax (word order variation), and pragmatics

(topicalization).

Age Effects

With respect to reaction time data, data analysis indicated that

aging affects language processing in Deaf signers in a similar way

as reported for hearing older speakers of spoken languages. The

linear mixed model revealed a significant main effect of age.

Thus, older age resulted in longer overall reaction times. The

higher reaction times observed for older speakers in speech and

sign language suggests that this aging effect is independent of

language modality, but rather associated with the effect of aging

on processing speed.

Overall, the findings with respect to age influences on sign

language processing are in agreement with current literature on

age effects in speech processing. One caveat to be considered,

however, is the specific age cutoff used in different studies: a

number of the studies on healthy aging in spoken language users

report data from a group of older speakers spanning three or four

decades, which makes it difficult to determine when language

decline begins (Abrams & Farrell, 2010). Thus, the question of

when language processing/abilities/use starts to change during

healthy aging remains open with respect to either spoken or signed

languages.

Analysis of acceptability ratings revealed a significant interac-

tion between age, word order, and AoA indicating that older parti-

cipants from the 0 to 3 AoA group gave lower ratings to OS orders.

Whether lower ratings of OS word order by older early signers

result from better knowledge of probabilistic conventions of lan-

guage use due to increasing length of experience with a variety of

linguistic structures, or stem from greater leniency in acceptability,

or are due to individual variation, cannot be determined on the basis

of available data.

Figure 6. Older Participants From the 0 to 3 AoA Group Gave Lower Acceptability Ratings to OS orders. Centered age (AGEC) is presented on the X-axis

(note that the X-axis is scaled, so that centered ages appear equidistant, even though they are not); estimated marginal means are presented on the Y-axis.
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Effects of Age of Acquisition (AoA)

Mixed effects modeling of acceptability ratings revealed differ-

ences between the two AoA groups. The group that acquired sign

language between the ages of 4 and 7 years rated classifiers lower

and topic sentences higher than the 0–3 AoA group. However, the

difference in ratings between the two AoA groups is relatively

small, and thus should not be overstated. The effects of AoA

revealed by the present analysis are relatively subtle, suggesting

that the experimental factors examined in this study are only

affected to a minor extent by AoA—at least when contrasting

0–3 and 4–7 AoA groups. Perhaps AoA effects are more visible

when investigating the language ability of signers who acquire ÖGS

at a later age?

We additionally collected data from Deaf ÖGS learners who

acquired ÖGS past puberty (i.e., after 13 years of age, N ¼ 5, mean

age ¼ 40.4; range ¼ 30–56 years). All of these late learners had

contact with other languages before learning ÖGS (either a spoken

language or another sign language). Because these late learners

acquired ÖGS at various ages and therefore cannot be grouped into

a common AoA group, they were not included in the data analysis

in the present study.

A descriptive analysis of the data of the late learners revealed

higher ratings for SO orders compared to OS orders for all linguistic

structures, although for classifiers, OS order seemed to be more

acceptable for this group (i.e., the difference in acceptability of

SO vs. OS word order seemed to be attenuated for the classifiers).

Lower ratings for OS word order were also revealed by the

mixed model analysis in the 0–3 AoA group (at least for older

signers). However, when comparing overall mean ratings, the 0–3

and the 4–7 AoA groups did not show a notable preference for word

order acceptability and thus did not find either word order more

acceptable than the other.

Interestingly, the late learners rated all sentences with SO word

order and all sentences with classifiers (SO and OS orders) higher

than the 0–3 and the 4–7 AoA group (see Online Appendix F).

This latter result might seem contradictory when compared to

the results of the mixed model analysis revealing that classifier

sentences were rated lower by the 4–7 AoA group in comparison

to the 0–3 AoA group (i.e., one might rather expect that the late

learners would pattern more like the 4–7 AoA group than like the

0–3 AoA group). Although the difference between the 0–3 and 4–7

AoA group is systematic (i.e., statistically significant) and might

reflect differences in processing, this difference in ratings is rela-

tively subtle. However, comparison of mean acceptability ratings

across linguistic structures indicates that the late learners differ

substantially from both the 0–3 and 4–7 AoA groups in giving

higher ratings to sentences with classifiers (Online Appendix F).

Classifiers in sign languages tend to be highly iconic, that is,

showing a close relationship between meaning and form.14

Although earlier studies suggest that iconicity has relatively little

effect on L1 sign language acquisition by children (Meier et al.,

2008; Newport & Meier, 1985; Orlansky & Bonvillian, 1984), more

recent studies report that the first signs children acquire are iconic

(Caselli & Pyers, 2017; Thompson et al., 2012). Iconicity has also

been reported to have a facilitating effect on L2 sign language

acquisition, that is, helping sign language learners to learn, memor-

ize, and translate signs (Baus et al., 2013) as well as support com-

prehension of signs (Ortega et al., 2019). Thus, resilience of

processing for sentences with classifiers in late learners might be

due to overt iconicity of classifier constructions, which can engage

a nonlanguage-specific semantic system in late signers (Ferjan

Ramirez et al., 2014; Malaia & Wilbur, 2019).

Multiple lines of research indicate that the effect of iconicity on

language acquisition is not restricted to the visual-(non)manual

modality. Previous research suggests that iconicity impacts the pro-

cessing and development of both sign and spoken languages (Per-

niss et al., 2010). Iconicity has been shown to support L1

acquisition of spoken languages (Imai & Kita, 2014; Kantartzis

et al., 2011; Laing, 2014), as well as L2 spoken language learning

(Deconinck et al., 2017). The present data lend further support to

the hypothesis that iconic words/signs are easier to learn because

Figure 7. Reaction Times by Younger (N¼ 9) Versus Older (N¼ 6) Signers Across Experimental Conditions, With Slower Reaction Times in Older Signers

Across Conditions. Whiskers indicate SD.
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these are more grounded in perceptual and motoric experience

(Imai & Kita, 2014; Ortega et al., 2016; Perniss & Vigliocco, 2014).

In general, late (postpuberty) learners of ÖGS appeared to

respond relatively fast to the stimuli. They respond almost as fast

as the 0–3 AoA group and faster than the 4–7 AoA group. The faster

response times observed for late learners might have been a result

of faster shallow (semantic, but not syntactic) processing of the

stimuli by late signers (cf. Morford & Carlson, 2011). This does

not mean that the processing was somehow incorrect; only that the

processing strategy might differ based on the age of ÖGS acquisi-

tion. Note, however, the smaller number of late signers and the

smaller number of participants in the 0–3 AoA group might have

skewed the findings of response time differences between the dif-

ferent groups (i.e., there were more participants in the 4–7 AoA

group compared to the 0–3 AoA group and compared to the group

of late ÖGS learners).

The present findings, overall, support and extend the under-

standing of age of acquisition as a critical parameter for achieving

proficiency in syntactic processing. The findings regarding the late

(postpuberty) ÖGS learners suggest that the later age of acquisition

might result in increased reliance on the surface, shallow levels of

linguistic hierarchy (perceptual/sensory and semantic/iconic pro-

cessing), which were observed for processing of sentences with

classifiers in the present study. Our findings are in agreement with

existing literature on the influence of AoA on processing at the

interface of phonology and lexicon—for example, the finding that

Deaf late L1 learners are more sensitive to the visual properties of

signs, as compared to native Deaf signers and hearing L2 signers

(Best et al., 2010; Morford et al., 2008).

As sign language input is quantitatively different from nonlin-

guistic biological motion that humans can be exposed to

(Blumenthal-Drame & Malaia, 2018; Borneman et al., 2018;

Malaia et al., 2016), the reliance on semantics for communication

in later learners might suggest that there are limits to neuroplasticity

as the brain matures. The results of the study highlight the impor-

tance of comprehensive analysis of language proficiency at the

interfaces between multiple linguistic domains to better understand

the processes that underlie language acquisition.

Study Limitations: Effects of Individual Variability

Individual differences observed in the present study included some

younger signers with relatively long reaction times, as well as older

signers with relatively short reaction times. It is, however, difficult

to judge whether any of these individuals are atypical for the pop-

ulation. Future research might consider adopting longitudinal

approach while increasing the numbers of participants to allow for

time-varying mixed effects modeling. Other moderating and med-

iating variables of language proficiency that might help improve

external validity of findings in future studies include working mem-

ory, nonverbal IQ, and estimation of environmental influences,

such as quantity and quality of linguistic input.

Furthermore, the use of a nonlinguistic processing speed task

would be recommended for future research, to decorrelate individ-

ual (nonlinguistic) processing speed from the effects of aging and

AoA on language processing.

A number of previous studies indicated that individual differ-

ences do affect the language acquisition trajectory, language use,

and processing speed and strategy, at least for spoken language (cf.

Kidd et al., 2018). Currently, little is known about individual

differences among users of sign language, but it would be reason-

able to assume that signers are similar to speakers in terms of

individual differences in language processing. In future work with

signing communities, use of language proficiency assessment tools

(yet unavailable for ÖGS), nonlinguistic measures of reaction

times, as well as measures of temporal resolution in visual percep-

tion would allow for in-depth investigation of individual, linguistic,

and cognitive variables on sign language task performance.

Conclusion

The present study focuses on the influences of age and age of sign

language acquisition on the processing of a range of linguistic

structures in Austrian Sign Language and highlights the fact that

both the language acquisition timeline and aging have measurable

effects on linguistic processing. Reaction time for older signers

was, in general, slower. While aging, in general, results in slower

processing speed, it does not selectively affect specific linguistic

levels.

Age of acquisition, on the other hand, selectively affected spe-

cific linguistic structures: The 4–7 AoA group rated classifiers

lower and topic sentences higher than the 0–3 AoA group. How-

ever, these differences were relatively subtle. The data from later

(postpuberty) learners show that the processing of classifier con-

structions was resilient to detrimental effects of late acquisition. At

the same time, syntactic processing was affected in late sign lan-

guage learners, increasing their preference for basic SO word order.

This suggests that syntactic processing that allows flexibility in

syntactic reanalysis appears to be established early in the course

of language acquisition.

Notes

1. Per convention, Deaf with an upper-case D refers to deaf or

hard-of-hearing humans who define themselves as members of

the sign language community. In contrast, deaf refers to the

audiological status of an individual.

2. In Austrian Deaf Schools, Austrian Sign Language, that is,

Österreichische Gebärdensprache (ÖGS) is not the language of

teaching and is not taught as a separate subject. The language of

teaching is mostly spoken German—a foreign language for Deaf

children and not completely accessible for the majority of them.

There are very few Deaf teachers and many of the hearing

teachers have no (or insufficient) ÖGS competence (Dotter

et al., 2019).

3. Tip-of-the-tongue state is a temporary inability to produce a

word, although the speaker knows its meaning.

4. Pertaining to change in the form of a word/sign to express a

grammatical function.

5. Pertaining to change in the form of a word/sign to form a new

word.

6. Shadowing refers to the process of simultaneously watching and

reproducing signed input.

7. Related to minimal contrastive components of either auditory or

visual signal in a particular language. For the visual signal in

sign language, a change in place of articulation (position of the

hand in relation to the body), handshape, or motion dynamics

can constitute a phonological change and/or error (depending on

how far the production of the sign departs from the vocabulary

form of the sign).
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8. In sign language linguistics, morphology of a verb describes the

structure of the verb sign and alterable components of it that can

be used to express meaning or grammatical function (such as

directionality or reduplication in a sign).

9. Classifiers in sign languages do have similarities to classifiers in

spoken languages in terms of their linguistic function. For spo-

ken languages, classifiers are words, or affixes, which classify

nouns based on the type of the referent (cf. “three pieces of

candy”). In sign languages, the classifier handshape is combined

with a hand motion (in the function of a verb showing how the

classified object moves or how it is related to other objects),

resulting in a classifier construction that can also serve as a

grammatical verb, but refers to, and categorizes, noun referents

(Wilbur et al., 1985).

10. The term “construction” in sign language literature refers to

sentence and phrase structures; it does not refer to construction

grammar.

11. Based on recent research showing that effects of age on lan-

guage acquisition are observed as early as 40 years of age

(Fernandez et al., 2019), we thus chose to use linguistically

motivated cutoff of 40 years of age for the present data set.

Statistically motivated analysis using median split (above vs.

below 36 years old) yielded similar results, since only one

participant, aged 37, moved to the “older” group.

12. For group comparison, descriptive mean values are reported.

13. Since no further predictor or interaction was significant, the

model output is not included in the Online Appendix.

14. Note that iconicity parameter is a gradient, rather than a cate-

gorical one; that is, some signs are more transparent than oth-

ers, but without a distinctive dichotomy (Klima & Bellugi,

1979; Ortega et al., 2016). Ortega et al. (2016) report that the

type of iconicity has an effect on sign learning. Classifier hand-

shapes used in the present study (whole entity classifiers rep-

resenting person(s) sitting/standing/walking/jumping, etc.)

show a close relationship between form and meaning.
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