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AldhW

This SlUdy inves1ipœd 1be effCClSŒ"Œ acqnisjdœ and. syntaetic complexity on
the OUU':C)llllC Œ Americ:an SïpLanJWlle (ASL) acquisition. AB the parIicipants wcœ borD
deaf, bad used ASL as a primary language fa: a minimum of 12 yeus, and began to acquire

il at thœe differem ages. The cxperimcntal task was grammatical judgement. In this~
me signer saw dynamic ASL sentalCCS on a computer scœen and clecided whether mey

were gnnnmatjcal 01' DOt. RespoDse aceuracy and laIency weœ measuœd. The srimuU weœ

168 examples ofsix ASL syntaetic structures ranging fiom simple 10 complex. Results

showed tbat as age of acquisition increased, lCSpODSe aœuraey deaeased and œsponse

latency incœased Also, as ASL syn1ICdc compIexity increased, accuracy decœased and

Iatency genera1ly incœased, indcpendcnt ofage ofacquisition. The resu1ts pmvide

addidonal evideJIcc for the critical period for language acquisition and psycholinguistic

evideDce fOI' previous linguistic descriptions ofASL syntax.
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La pœscnte 6bJdc vise l v6rific:r, par Je biais de l'acquisiliœ de laLanpe des Signes

Am6ricaine (ASL), les effets de l'lp auquell'applendssap est effectu6 et lacomplexit6

syntaxique qui en Rsu11e. Tous les participants sont SOURIs de naissance, ont uti1is6l'ASL

comme langue primaiœ pour un mjnimum de 12~ etmt co,".M:I1Cl6l l'acqu6rir l trois

niveaux d'Ile diff6ems. La delle exp6imentale consiste l v6ifier le jugement grammatical

des sigoeurs. Cette tAche consiste l pœsenœr des phrases sur un â:ran d'ordinateur aux

signaus, ces derniers doivent ensuite cI6:ider si les phrases sont grammaticales ou non.

L'exactitude et le temps de latence des œponses sont mesurâ. Les stimuli consistent en

168 exemples de six S1rUCtUœS syntaxiques diffâ'entes d'ASL. allant du simple au

complexe. Les Jâu11a15 indiquent que Jonque l'Ige d'acquisition d'ASL augmente,

l'exactitude des œponscs d6croît, tandis que leur temps de 1aIax:c augmente. Également,

lorsque lacomp~syntaxique d'ASL augmente, l'exactitude des t6ponses diminue et le

te" 'IlS de latence est g6nâalement sup6rieuœ et ce, iDd6pendamrnent de l'Ige d'acquisition.

Les Iâultats fournissent des argumentations additionnelles en ce qui l ttait liap6iode

critique de l'acquisition du langage, et cenaines 6videnœs psycholinguistiques des

recherches p6::6dentes sur la description syntaxique d'ASL sont~
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This tbesis investipœs whC1bcr syntax acquisition in sign language is constrained

by age ofacquisition. In otber words. is tbere a crilical period fm- leaming a language.

especW1y for leaming syntaetic struetun:, tbat is due to age ofacquisition? This is a crucial

œsealCh question œprding the outeome oflanguage KqUisition. The deafpopulation in

general bas delayed language acquisition due to various factors such as the inability of

bearing paœnts to COli" nunicaœ witb tbeir deafchildren, an absence of language input froID

the environment, and 50 fCJl1b. Understandiog and documenting the effc:ets ofdelayed

language acquisition may help pœvent the disastrous language OUte0me5 many deaf people

experience in their abllity ta communicate and leam.

The general outIine of tbis thesis is as follows. FUst, the clefinition of a aitical

period for language acquisition in geDerai is discussed. Second, one case of social isolation

is summarizcd. 1bird, resem:b on critical period efJects on second language acquisition in

general is summarized. Fourth, œsean:h on critical period effects on signed language

acquisition is summarized. This is followed by a description ofAmerican Sign Language

(ASL) as it re1ates ta the present study. FoDowing this background, the œsearch questions,

methods, results and a general discussion are presentai.

QjticaI Pcrigd Omccpt

Many œsearcbers have suggested that language acquisition is mosl successful if it is

leamed al the "right" lime, or insidc a maturational schedule. Many theorists wouJd agrec

that the optimal tilDe for language acquisition is carly in life (childhood); ü language is

acquired aftcrchildbood, then language performance is D1<R likely ID he unsuœessful.

The critical period concept f(Jl' language emecgcd in the Jate 1960'5 and was first

ploposed by Lcnneberg (1967). Lenneberg was the first RSe8lCher to investigalC the

biological basis of language by investigating bmiD maturation and language function.

Lenneberg (1967) proposed that chüdhood (befoœ puberty) is the âme period during which

language acquisition must occur ü it is ID he acquüed successfuUy. In panicular, he
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c:ompaœd apbasia in chiJdœn and adults 8Dd obscrved tbat language œcovery was better fOI'

cbildren tban adulas. He sugesœd tbat was beause the brain wu ma1leable befoœ puberty

widl œpld 10 bemispberic brain specia1ipriœ lIId dws wu bet1a" able 10 œcover language.

The main bypolhesis made by Leaneberg (1967) was dw language acquisi1Ïoo is

constrained by a developmental schedu1e, Iatcr ID be IeIJDCd the 'critical period' QI' 'sensitive

period' fQl' laDguage acquisition. His wu one ofthe first scientific investigations ofbow

important age ofacquisition is fm- language tbroughout Iife. FoUowing tbis work, œscarcb

œ the critical period fOI' language acquisition cmtqcd rapicDy. Tbere weœ investigations

wbich observed dUs pbeaomenoo in animais aDd paccptual systems, as stndicd by

etbnologis1s, biologists, and psychologists (Colombo, 1982). For example, œsearcb on

deveIopment of the visual-cortex bas found tbat there is a critical period fOI' neurological

development ofcertain visual functions as demonstrated by visually deprived animaIs (van

Hof-van Duin, 1976a, 1976b). These neurological systems organize over lime, guided by

visual stimuli froID the environment. wbich interaets with brain development (Bomstein•

1987).

Many resean:bers since Lenneberg (1967) have auempted to investigate the critical

period fm- language (Cuniss. 1977; Krashen. 1973. 1975., 1975b; Snow & Hoefnagle­

Hoble, 1fT/8). Unfortunately, none of these studies bas successfully conuoUed ail the

important factors necessary to investigate the question as out1ined bclow. Furtherœsearch

is necessary 10 better understand the effects of the aitica1 period on language development

As Columbo (1982) bas plinted out, a critical period definition is based on severa!

factors. namely that (a) theœ is an onsel and terminus of the period, (b) there is an exact

specification of the critical period stimulus to whicb the organism is most sensitive. and (c)

theœ is an exact specification of the critical system tbat will be affected later on by exposuœ

to, 01' deprivation of, the stimulus during the period. Columbo (1982) also pointed out that

the plasticity of the cqanism. wbicb undoubtedly continues tbroughout ontogeny, sbould

DOt be confuscd witb the plasticity ofone specifie biobebavicnl system, wbicb may come to
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an ead early in life. The biobmaviaral S)'SIaD uadcr study bcre is language. The

hypotbesiRd onset of the critical period for Ianpage is birth and the offset is pubeny,

acconting to Unneberg (1967).

The studies on IaDguage acquisition discussed beIow give us III opportuDity to

verity the vcracity of the critical period fQl' IaDguagc. In geoera1, tbese studies show us how

sipificant critical period effects are on the outeome oflanguaae acquisition.

QiticaI Pmind Etfec;g m Scmryf 1 aDIPII' NiQlJisitigD.

Mach œseucb bas been done œ critical period cffects on second language

Ialuisition. In tams ofage ofacquisition eff'ects, second language studies aœ relatively

common sincc most people leam seœnd languages tbrougbout their lives. The studies

summarized below on second language, cridcal period œseuc~furtbcr our understanding of

how important age of acquisition is for second language performance. The main focus heœ

is on studies ofcriâcal period etfects on syn1aCtic perfQI'I'Mnce. Measuring syotaetic

performance is complcx bccause tbis level of Iinguistic structure impacts on otber language

1cvels, sucb as phonology, semantics, ete. Nonetbeless, severa! œsean:hers have examined

oral and written, second language long-term achievement ofsyotaetic abilities (Johnson

1992; Johnson" Newport, 1989; Johnson & Newport, 1991; Johnson, Schenlanan,

Newport, "Medin, 1996; Oyama, 1978; Patkowsld, 1980).

For example, Oyama (1978) tested 60 Italian immigrants for their understanding of

English syntax, phonology and intonation tIuough sentences maskcd with noise. Subjects

sbadowed the sentences, tbat is, repeated them while simultaneously listening, and answen:d

questions. AlI subjects had a minimum of tive years ofEnglish experience. Shc divided the

subjects into three groups of second language acquisition; the firsl group acquired English

ftom 6 to 10 yean ofage, the second group acquired Englisb from Il to 15 years ofage.

and the thinl group acquim:l it from 16 10 20 yeus ofage. The group who acquired

English from 6 10 10 yean ofage reccived COIDpiebensîon scores simiJar 10 the native

leamers, wbcras the group who acquired English fiœl16 to 20 years.of age bad
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sipificandy pooœa compœbension perfonDaDce. The œsuIts sbowed 1bat age of second

language acquisition bad an effect œ English compiehension paformance such tbat the

younger Jeuners bad bettel' comprehension scares.

Patkowski (1980) investigated the second language acquisition ofEnglish

immigrants in a simjlar manDer to Oyama (1978). AD subjects were university ~mfessors

or university students who bad more 1ban five years ofEng1isb exposme and meir fim

bmpages varied. Tbeœ weœ 67 subjects divkled into IWO groups: pre and post puberty

leamers. Patkowsld (1980) used an audiorape-œconted interview based on the Foreign

Service Institute Language Proficiency Test. He transaibed the interview andjudgcd the

grammatical strueblœS used. judging how nalive-like they were based on a five-point scale.

The results showed a stroDg effect ofage ofacquisition. Individuals who acquiled English

as a second language al younger ages pcd'onœd betœr than those who acquin:d it al 1aler

ages.

Johnson and Ncwpon (1989) conducted a study of second language morphology

and syntax auainment, invcstigating the long-tenD effects ofage on second language

acquisition. They tesœd 46 subjects wbose first language was cither Olinesc or Koœan; in

all cases their second language was English. AlI subjects had al least tivc yean ofEnglish

exposuœ and were cithcr students or faculty at a university. The subjcets were separated in

balf into an early group (who lcamcd English befme age 15 yean ofage) and a lare group

(who lcamcd English alter age 15 years ofage). The task was written judgement of

sentences with mmphological and syntaetic errors (grammatical vs. ungrammatical).

Judgement accumey was measured. The RSults showcd that the early leamers had a higher

overall score (ie. fewer errors) compared to the late Icamers. This study also suppmœd the

critical period hypothesis for second language acquisition.

Another study conducted by Johnson and Newport (1991) tested groups of Icamers

whose first language was Cbinese and whose second language was English. Theœ weœ

five subject groups. The native control group was con 'Ioosed of Il subjects. 1bere weœ
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four lIOups ofsecond language 1eam«S, wim a total of23 subjects. The early leamers

leamed Englisb froID 4 ta 7 yean of age; the second poup leamed English fmm 8 ID 13

years ofage; the 1büd JIOUP 1eamedEngtish froID 14 ta 16 Je8IS of age and, final1y. the Iast

poup acquind Englisb in adulthood. The œsearcb question was wbetber tbere ale critical

period effects on the universal grBmIJJ8I' propealy of subjacency. The task was audifDly

grammatical judgemenlS for wmcb accuracy was measured. The resulrs showed tbat age of

second language acquisition affccœd performance and tbat the relationsbip was linear.

1bere was no significmt diffeœncc between the native control group and the second

language leamers who IearnedBoglish fn:m 4 ta 6 years ofage. However, there was a

differenœ between the native group and the 1ara'. second language groups. This study

pnMded additional evidence for the critical period for second language acquisition for Ibis

syntaetic mie.

In another study, Johnson (1992) œplieated and extended the previous study. Sile

reexarnined critical period effects on second lanpage acquisition for morphology and

syntax witb the same subjects one year after tbey panicipaœd in the original study (Johnson

and Newport, 1989). This study used the same stimuli as Newport and Johnson (1989) but

presenfed in written fonn. The rationale was tbat the oral task requûes phonological

decoding and on-lïne auditory decoding to pick out grammatical errors but that the written

task does noL The second study yielded œsults simjJar ta Johnson and Newport (1989)

showing that language modaHty was DOt a factor. Theœ was a significant effect of age of

second language Baluisition; the younger leamcrs outperfonned the oider leamers.

Johnson, Schenkman, Newport & Medin (1996) conducted an investigation on age

of acquisition effects on second language acquisition for grammaticality judgemcnlS (using

the same wk as Johnson and Newport, 1989). 1be native control group was 10 subjcets

and the second language poup was also 10 subjedS wbose tirst language was Cbinese and

whose second language was Eng1ish acquired in adultbood. The results showed a

significant effcct for age ofsecond language acquisition on grarnmaricality judgemenas.
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ln su"'''wy, resem:h on second language acqllisitiœ using pammaricaljudgClDCllt

accuracy and compœhension suppc:ats Ille critical period hypodlesis. The studies described

pœviously show that the ability ID master a second language, at least the syotaetic and

IDOIpbological components ofa second language, declines wim iDclased age of lcaming

(Johnsœ 1992; Johnson" Newport. 1989; Johnson & Newport. 1991; Johnson et al.,

1996, Oyama, 1979; Patkowski. 1980). Logically, the next question is wbetbc:c tbcsc same

critical periods effects aœ seen for first language acquisition. Sign ianpage Ialuisition is

often delayed in the deafpopulation. Sign language age ofacquisition studies will be

described after giving SOlDe background on one of the most famous critical period case

studies. Genie.

Ojtjsal Pfajods Effed$: A Ca'" of Sgçial1solatign,

The investigation ofcritical period effects on first language acquisition cannot be

done with a normal population bccause language is neœssarily acquiIed in a spontaneous

way tbrougb interaetiœ wim the envimnmentallanguage by cbildrm. Most critical period

researcb bas been done wim second language acquisition. wbich is certain1yethical. Theœ

are several exceptional cases where a cbüd was abused or isolated from human social

interaction, preventing the child from being exposed ta language. Throughout history, theJe

bave bcen severa! cases of social isolation, such as leaving childœn a10nc in the wild QI'

lockcd up in somc RStticted room for many yean during cbildhood. The IDOst famous case

is Genie (Curtiss, 1977). Genie is a prime example of linguistic isolation. She was a little

girl who was locked in a small room by ber parents throughout ber childbood with mjnimal

human contact orexposuœ ta language until she was discoveœd al the age ofeleven

(Curtiss, 1977). After discovering Genie in ber parent's home, the scientific COIDIDunily

lOOk charge 10 provide bec wim an education. and especially to provide ber with language

(Englisb). Dming seven years of Englisb immersion 8Dd tutoring, Genie showed progœss

in ber ability ID communieate and to understand Englisb. Despite ail effons to œedueate

Genie, however, ber language remained abnormal and significandy paola: than the normal
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popuJatioll (Curtiss. 1977). Curtiss (1971) ieponed Ibal Oenie bad pooI'CSt performance in

BnsJish lDOIphology and syntax as compared ta vocabuIary acquisition, which was DOt as

poor. Cuniss hypolbClized tbat a laie age of acquisilioD wu the cause ofGenie's poor

IiDguistic ability. Genie did 8aluire SOlDe EnsJish afta' puberty, which is obviously beyond

the upper &le boUDdary for the critical period proposed by LenneberJ (1967). Beyond her

language deprivation, bowever, other imponant factors must he ICCOUDted for in Oenie's

developmental deprivaâQIL Those addilional factors wete Dulritional, cognitive and social

deprivatioDS, which weœ very abnonnal for any human. Those additional deprivadons may

bave bcen œlated ta berpool' language performance ratber man the language deprivatiOil

itself. In this case, it is impossible to distinguish between the multiple deprivaâOll factors

and the effect ofdelayed first language acquisition because they ail weœ confounded

(Curtiss, 1977).

In sum. language isolation in childhood, which delays language development,

appears to affect the outeome of language development although it is uncertain in what

pœcise way. The studies dcscribed below invesâgate the outeome ofdclayed first language

acquisiâon without the confounds ofother (social and physica1) dcprivatioDs as was the

case for GCI1Îe.

Critical Period Effects op Si~1 '"&Ullc Acguisition,

Reseuch on critical period effccts on sign language acquisition requires a different

point ofview compaœd 10 rcsearch on second language critical period effects. In second

language research, a first language wu acquin:d froID birth. This is very rare in the deaf

population. The deafpopulation allows reseatCbers to ask if tbere is a criâcal period for a

first language and for silO language. The majority of the dcaf population bas hearing

parents. approximately 9()CJ, (Schein & Delk, 1974). Deal individuals do not have access to

spokcn language since they do not have the ability ID bear 01" leam naturally in this speech

envilOnment. Language acquisition is thus mosdy delayed in the dcaf population because

• the majority of hearing parents do DOt use sign language with their deafcbildren. The
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advantage ofinvesIipân. the deafpopuJabœ is 1batotberdysfwlcâonal faetDrs 1baI

confound isolation cases. such as psycbolopea1 and socioloPcal deprivalion, are excluded.

This allows us to undastand the etJects ofdeJayed language acquisition cm the language

system itself wiahout these confounding factors. This is becausc the majority ofdeaf

cbildœn R:œÏve normal social, cognitive. 8Dd enWoomental stimulation fiom birth.

Deafchildren ofdeafparents, however, have full acœss ID matIIœ, fluent and

interactive communication with the adult language models. 1bese deaf individuals cm be

compaœd ID hcaring childœn who have normal language stimulation. Native signing deaf

chiJdœn cao be used as a conttol group in most signed language acquisition research. FOI"

critical period œsearch in sign language acquisition, both groups are used: deafchildren

with hearing parents vs. deafparents. The comparison is that for one group sign language

&aluisition wu delayed but for the other group sign language was acquired on a normal

schedule. Comparison ofthese IWO groups allows n:se&IChers to investigaœ whether the

delay ofsign language acquisition affects late:r sign language performance on various

grammatical components ofASL Several studies have invcsâgated the imponaoce ofthe

critical period for signed language acquisition. These studies examined the long-œrm

outeome of signed language production and comprehension on various grammatical

structures in ASL (EIDlincy, 1991; EJoovxey, Bellugi, Friederici," Hom, 1995; Lock,

1996; Maybeay, 1993; Mayberry & Eichen, 1991; Maybeay "FISCher, 1989; Newport,

1990).

For examp1e. Maybeay and FISCher (1989) investigated aitical period etfects on

sign language processing. The research question was whether native signers would

outperform late learners on signed language processing tasks, soch as narrative sbadowing

where subjects simultaneously watehed and copied the signing ofa signed nmatiœ givcn

on video, comprehension questions, 811d memary for sentences.

In the first study, Mayberry and Fischer (1989), focused primarily on narrative

shadowing, wbich was an on-line measure of signed language processing. The indcpendent
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measures wae (1) Ileof sign language1al1ûsition, (2) viewing cœdition, widl and widlout

visual noise, 8Dd (3) sip language dialcet, ASL vs. PSE. 1beœ weœ 16 subjects in Ibis

study in two groups. Native signers (N=8) ranged in age from 18-22 years and their mean

years ofASL experienœ was 20. The second group weœ the Iaœ lcamers (N=8) who

acquiJal ASL bctwecn the ages of9 to 16 yeatS. They ranged in age &om 18 ID 22 yean

and tbeir nmge ofASL experienœ was 2 ID Il years. The œsults sbowed tbat the native

leamcrs significandy oulpa'formcd the lare leamer group on shadowing accuracy,

compœbension aœmacy. and Iinguistic errŒ types, independent ofviewing condidtion and

dialcct.

In the second study, Maybcny and Fischer (1989) investigated sentence sbadowing.

œcall accuracy, and linguistic errŒ type. The study compaœd on- and off line tasb,

shadowing vs. œcall of signed sentences. The independent measuœs weœ (1) age ofsip

language acquisition and (1) sign orcier in sentences. The five age of acquisition groups

weœ people who lcamed to sign at birtb, S. 8-10, 13-15, 18 ycars ofage. Years ofASL

experience was confounded with age of acquisition and wcœ 20, 15. 8-10, 6, and 2

œspectivcly. The dependent me8S1Jl'e was accuracy and lexical aror type (semantic vs.

phonological) in sentence shadowing and sentence memory. The n:sults showed that there

wu a linear n:laûon between shadowing and œcall accuncy and age of acquisition. In

addition" native signcrs made more semantic eaors and fewer phonological emX'S. As age

of acquisition ÎIICœaSed, errors became increasingly phonological and diffeœnt from those

of the native signers.

These findings showed that age of silO language acquisition affects performance on

signcd language proccssing tasks as well as the linguistic nature of the errors made,

phonological vs. scmantïc. However, thcre was a wcakness in these studies; years ofASL

experience was confounded with age of acquisition. Thus, theœ may bave been 50me

pacticc cffcets. Some lale leamcrs had fewer years ofASL experlcnœ than the native

sipers 50 that the effects of age ofacquisition may bave bœn duc ID practice effects.
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Maybeny and Eicben (1991) COIlII01Icd prac1iœ effeas in tbcir ncxt study. The

œscan:h questioo was wbcdla' age of signed language acquisition affects Iinpistic

processing in sentence memory. The hypothesis wu tbat the younpr the aac at wbich

silllcd language wu Jeamc:d, the more accunue perfonnance and comptebensiOll wouJd !Je,

dcspite lengthy ASL cxpcrience. Here weœ IWO factors examjoed in tbis experiment; finI,

age of language acquisition and, second, speed of the signed stimuli which was normal and

68tfJ faster than normal speed. The experiment included tbœe groups of leamers with a

total of49. The native signers acquiœd sign language at binh (N=16). The early leamer

acquired sign language at a mean of6 years old (N=20). The 1ale leamers acquiœd sign

language at a mean of 13 years old (N=13). The years ofASL experience across the

groups weœ,4O, 44,42 years œspectively. This mcans that thc·groups' years ofASL

cxpericnces was wcll bcyond 20 yeus. The groups' mean ages wcœ 40, 51 and 53 ycars

œspectively. The depcndent lDC8SURS weœ sentence recaIl accuracy and severa! measures

of linguistic proccssing: (1) lexical pœservalion. (2) pœservation and change ofbound

morphology, (3) preservation and sequcncing ofsyntactic constituents, (4) response

grammaticality, and (5) œsponsc nnning or paraphrase. The œsults showed that thac weœ

significant effects ofage of acquisition and significant diffcrences among alllearning

groups for all grammatical structures anaIyzed, indpcndent ofpresentation speed. The

results of thc Mayberry &, Eichen (1991) study providcd cœclusive evidence in support of

the critical period hypothesis for signed languagc acquisition al various levels of linguistic

sttuetuœ.

Newport (1990, 1991) conducted other studies on the critical pcriod for signed

language acquisition. Although Newport (1990) discussed studies on both spoen and sign

languagc, the focus bere is on the silO language portion oo1y. Ncwport (1990, 1991)

reported that performance on sign lanauage COIDptebension and production tasks declined

in relation to increasing age ofsigned language acquisition. Herexperimcnt lIle8SUIed the

• C011CCbless of grammatical production and comprehension ofASL verb morphology.
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1'bcœ were 30 deafsubjecIs who panicipated. but it is DOt possible 10lmow exaetly how

many weœ in eacb of1bœe JIOUPs because dûs infonnatjon wu DOt Pven. AD subjcets had

moœ man 30 yean ofASL experience. The nadve leamers acquiœd sign language tiom

birth; the early leamers acquiœd sign language fIom 4 to 6 years ofage. and the laie

leamers acquired silO language from 12 years ofage and beyond. The independent factor

was age of siga language acquisition. Tbc dependent measma weœ A8L syntaetic and

morphological production and compehensiœ (8 tests in 10181). The aœuracy clara weœ

COIlverted 10 Z-sccres and cone1adons wae coaducœd between test performance and age of

acquisition. 1be œsulting corœlations were between r= -.6 and -.7. The negative

correlation shows tbat the late leamen performed more poorly than the native leamers. The

findings support the c:ritical period hypothesis by showing thatperformance declined in

association with increasing age ofacquisitiœ. One pmblem witb the study is that it is

lacldng in detai1s in the design, data and statisticaI analyses 50 tbat il is impossible 10 judge

the magnitude ofthe etlects lX' assess the validity of the results.

Emmorey (1991) condueted a study on critical period effects on morphology in

A8L Enunoœy (1991) hypothesized that the native group would show a different pattern

ofmorphological priming compared to the bue leamer group. The resean:h questions were

(1) is morphological priming a modality independent process; (2) do the differcnt propenies

ofagreement and aspect morphology in ASL affect morphological priming; and (3) docs

carly language experienœ influence the pattern ofmorpbological priming? To answer these

questions, Emmorey (1991) condueted IWO studies.

In the first study, EmlD()Jey (1991) invcstigated the factors of(1) age ofsign

language acquisition, (2) morpbology type - agreement and aspcctual, and (3) prime type

base, inflected and no prime. There were 26 subjects in two groups. The tirst group were

nalive signas who acquin:d sign language Ilbirth (N=14); their mean age wu 28 ycars.

The second group wcre late leamers who acquired signed language at a mean of 6.8 years

ofage (N=14); their mean age wu 30. The data were decision accuracy (yes or no) and
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lCICtiœ timc. neœsul1s sbowed DO eff'ec1S for age ofacquisitiœ on dcdsiœ accuracy,

but 1be latc leamers had signjfjcantly sIoweI' racdœ limes tban abc nadve leamers.

In the second study, Emmorey (1991) extended the previous study by inves1igating

verb agœement and aspect inf1ection. The independent measmes were (1) age ofsign

language acquhütion and (2) prime type, base, dual agœcmcnl, habituai aspect and no prime.

There were 28 new subjecls. Tbeœ weœ two groups. The fiIst group weœ native signcrs

who acquired sign language al binh (N 16); their mean age was 1:1 years. The second

group were latc leamers who acquiœd silO language al mean of7.8 years (N=12); tbcir

mean was 28 yean. The results again showed no age ofacquisition effects for ASL

mmphological priming. However, the reaction time was slower for the Iaœ leamer group

compaœd 10 the native group. The œsults showed ap of laJuisitiOll effects on the speed of

morphological proce5sing in ASL bUl not on accuracy.

In another study, Mayberry (1993) investigated whether ap of acquisition affects

ASL sentence processing sirnUaty for dcJayed first vs. seœnd language acquisition. The

question was, do second-language leamers show the same effects as the first-Ianguage

leamers when bath kinds of signers have the sante age ofsiped language acquisition?

Mayberry (1993) used recall of long and complex sentences as the processing measure.

Theœ wcre 36 total subjects; aIl subjects wcre deafand had usedASL for more than 20

years. The experiment included three groups of first language learncrs ofASL with tbœe

diffeœnt ages of leaming; tbese groups wc:œ dcaf!rom birth. 1be fourth group were the

second language lcamers and tbey lost tbeir hearing al age 9 and subscquendy acquired

ASL as a second language after having acquired English as a native language. The native

ASL signers acquin:d sign language al biIth (N=9); the early leamers acquin:d sign

language at a mcan age of7 yean (N=9). The late leamers acquiœd sign language at a

mean of II yean (N=9). The second language learners aIso acquired sign language at a

mean of II yean (N=9). Years ofASL experience 8CIOSS the groups were SI, SI, S4 and

50 respectively. This means that ASL cxperienœ was wcll beyond 20 yean. The dependcnt
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measure used wu aImost identical ID tbat used in the Maybcrry & Bichen (1991) SIUdy. 8Dd

was an extension of that study. The dependent measmes weœ linguistic analyses of

SCIltence œca1l emn and ÜlCluded: (1) lexical pœ5CI'Vation andchange, (2) pœsc:rvadœ

and change of bound morphology. (3) pœservaIion and sequencing ofsyntaetic

constituents, (4) response grammadcality, (S) œsponse meaning orparaphrase, and (6)

signed digit span. forward and backwanls. This Iast D1C8SlB'C was added to the lIJC8S1RS of

the pœvious study (Maybeay cft Bchen. 1991). The œsults showcd significant effc:ets for

age of acquisition on all measures except signal digit span. In addition, the secood­

language Ieamers ofASL performed signjficandy bcuer than the Iatc fiIst-language A8L

leamers. The œsults showed, again. tbat age ofacquisition bas significant effects on the

outeome of signed language acquisition, especially u a first language. In other words,

critical period effects for tirsl and second language acquisition aœ not uniform. 1bc second

language leamers outpcrformed the finl language leamers and performed similarly to the

early language lcamcn. This œseaœb showcd that a first language foundation is critical1y

important fOI" additionallanguage acquisition and is more affected by age of acquisition titan

is second-language acquisition. lbcse results suggest that the first language delay of the

dcafpopulation cao bave significant œpercussions on language mastery.

Another study on the critical pcriod fOI" sign language acquisition was conducted by

Emmorey. BeUugi, Friederici, & Hom (1995). The question was whedler native and Iatc

leamers would demonstrate differential sensitivity to A8L verb morphology witbin a

syntaetic context. In the first study, Emmœeyet al (1995) bypotbesized that there would

be slower response âmes for targets mat followed an errŒ in verb agreement compared ID

largets that followed no cnor and that tbis would depend upon age of acquisition. Tbere

wcœ two indcpendent factors (1) age ofsign language acquisition and (2) sentence context

(error versus COirect). 1bere were 21 subjects in this study in two groups. The first group

was native signers who 8aluired silO language at bi11h (N=11); their mcan age was 32 years

and their mean years of ASL experience wu 32 yeus. The second group were latc leamers
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who acquiœd siplanguagc _ a mean of 14 years (N....I0). Theil' mean age wu 35 yean

and tbeir mean ofyears ofASL expcrieDœs wu 23. The data weœ judgement accuracy (of

COIIect YS. iDwuec:tvero agreement) and reaction âme. The œsuIts showed no effcets for

aac ofacquisition on decision accuracy. However, there weœ significant effect on œaction

tilDe; the nadve Ieamers weœ slower following an emr whereas the Iate leamers showed no

effects. Emmorey et al. (1995) interpœted the results as showing that the lare leamer

groups did not recognize the vern agœement ermrs and theœfore that they bad less

sensitivity 10 verb morphology than the native Ieamers.

In the second study, Emme KeY et al. (1995) followed up on the pnwious study by

CODtroDing for practiœ effec.u by selecting subjects such that each group bad the same

mean yean of signing experience. The cfependent measures were (1) age oflanguage

acquisitiœ (2) sentence error type (vcrb agœemcnt and temporal aspect), and (3) sentence

cootext (enor vs. COIIec:t). There were 30 subjects in this study in thœc groups. The first

group were native signers who acquiftd sign IaDguage _ birth (N=10). The second group

were carly leamers who acquiœd sign language al a mean of4 years (N=10). The thinl

group were Iate Jeuners who acquùed sign language al a mcan of 14 yean (N=10). 1be

mean age for the groups was 21, 27 and 32 yean respectively. The mean years ofASL

experience was 21, 23 and 18 yean respectively. The data weœ decision accuracy and

œaction âme. The results were similar ta the pnwious studies conducted by Emmorey

(1991, 1995); theœ were no effects for age of sign language acquisition on decision

accuracy but theœ were effects on reaction âme.

Enllnoœy's (1995) findings suggest tbat it is worthwhile 10 investigate effects of

age of acquisition by measuring œsponse latency. Perbaps response Iatency is highly

sensitive to grammatical processing in ASL The natives were moœ sensitive to grammatical

errors 50 that they responded slowec. By eoDttast, the lare leuncrs ofASL appeared to be

insensitive 10 grammaâcal errors in ASL and bad faster response âmes.
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The fiDal study œ ailical pcriod cffects fm language acquisition by the dcaf

population was condlJeted by Lock (1996). Ber study focused primarily on wbcther

delayed first-Janguagc acquisition affects 1hc outeome ofsecond language acquisitiœ. In

tbis study the scc:ood language wu wriuen English acquiœd by dcaf individuals whose tirst

language was ASL. l.œk (1996)'5 hypothcsis was that syntaetic judgement performance in

a second-language (English) would bc affected by the age ofacquisition of the first

language (ASL). Ber second hypothcsis wu that syntaetic complexity would be an

impOItant faetŒ as weil. Tbeœ weœ two factors, (1) syntadic strueture (wim six

incrcasingly complex Englisb sentence structures) and (2) age of signed language

acquisition. 1be control group was normally hearing, native leamers ofEnglisb with a mean

ofage of29 years (N=7). Two other groups weœ deaf individuals who acquiœd ASL as

their tint language and English as thcir second language upon emoDing in a schaol for the

deaf. The first deaf group wu early leamers who acquiœd ASL before age 3; their mean

age was 26 ycars (N=7). The second deafgroup was late leamers who Kquired ASL

between 6 to 13 years; their mean age was 32 yeatS. 1bc data were grammatical judgement

accuracy and œaction âme. The œsults showed tbat the native English control group

outperformed the deaf groups. In addition, the carly ASL leamer group significandy

outperformed the late ASL leamer group on their second-language grammatical processing

ofEnglish structures. Syntaetic complexity interaeted widl age offirst-language acquisition.

The late ASL leamers perfOlmed signjfjcandy worse tban the carly ASL learners as

syntaetic complexity incœased. These effects occurœd fOI' both grammatical decision

accuracy and latency. The œsults provide furthez support for the hypothesis tbat there is a

critical period effect for age of first language acquisition that is greater than and diffen:nt

from the effects for second language acquisition.

ln snmmary, œsean:h on age of silO language acquisition bas found sigrdficant

effects on severa! types ofgrammatical struetuœ using different processiDg tasks and

JDeaSUreS. 1bc present study further invCS1igates age ofacquisition cffcets on the
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granll'Mltica1 pocessing ofinaasingly complex ASL syataetic suuctures using bath

dccision accuracy and œaction time as dcpendent measmes. Befoœ describing the œsearch.

it is necesslJ)' 10 first brief1y describe the Iinguistic S1I'UCtIIœ ofASL and its acquisition by

childœn who Ieam il natively.

Amcriçap SilO Tanpllc: A BriefJlcsajptjgn

ASL is a natural language tbat &rOSe within the Deafcommunity in Nonh America

almost two bundn:d years ago and bas origins in French Sign Language (LSF). For a 10Dg

âme. ASL wu consideœd as a pantomime (JI' a language tbat bad no Iinguistic rules Wltil the

first œsealCh study showed tbat ASL was a language. Stokoe (1960) and Stokoe,

Casterline & Croneberg (1965) analyzed sign features. He and other Iinguists discovered

that ASL is a fully grammadcized language tbat displays various pammatical cbaracteristics

found in spolœn languages. ASL is basal on the visual-gestural modality, unlike spoken

language. Thus, ASL bas a different linguistic typology from languages soch as English,

• for example. ASL is a bighly morphcmic language and olten ASL phonological and

morphological units are combined with one another simultaneously rather than sequentially

as in the case for English (Newport cl Meir, 1985). The study ofASL bas only œcendy

emeqed, but already we better undastand the complexity ofASL grammatical structures.

The foUowing summary ofASL structure is necessary ID understand the motivadon of the

present study.

Phonology was one the first grammatical featuœs that sign language researcbers

investigated (Stokoe, 1965). This was a bIaktbrough in sign language resean:h because it

sbowed tbat theœ are minimal CODtrasts in sign language phOl101ogy with a restrieted set of

values. These values are called phollOlosical 'parametas' and include handshape,

movement, Jocatiption, and orientation.

The morphology ofASL is complex and is considc:rc:d as polysyntbetic (padden,

1982; Padden, 1990; Supa1Ia, 1978; Wallin, 1998). ASL is a bighly inflected language and

• olten severa! morpbcmcs arc assembled simultaneously. ASL bas verb agreement in wbich
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the verb is inflected to agrec with noun arguments. Agreement iDf1ccdons modify the vcrb's

location, orientation and movement from a morpbophOIlOlogical standpoint. ASL verb

agreement bas been discussed in severa! studies (Fischer, 1973; FlSChcr & Goup, 1978;

Klima & Belligi, 1979; lCIima, BeUugi, Newldrk & Battison.l979; Newport, 1981; Newport

& Bellugi, 1979; Newport & Meir. 1985; Paddcn, 1981; Padden 1983; Supalla, 1982;

Supalla & Newport, 1978).

A8L syntax uses a basic SVO sign order Iike many spoken languages. However,

because A8L is bigbly intlected, sign order in ASL sentences is Jess rigid than in EngUsh.

ASL uses grammaâcia:d facial expression for the syntaetic struetuIeS of topicalizatiOD,

question. negadon, and subordiDation (Coulter, 1979; 1 iddel , 1980; Padden, 1981).

Cbildren who acquire A8L natively, ofœurse, masœr ias grammatical SD'UetuJe.

Newport & Meir (1985) summarizedASL dcvelopmcnL To a certain degree, ASL

development foUows stages tbat œfIect ASL grammatical complexity.

Like all spoken languages. the first stage ofASL acquisition is the one-ward stage

and it is the most recognizable; it is the initial step toward fun language fonction. The mcan

age of the one-silO stage ICIOSS several studies summarized by Newpon & Meir (1985) is

froID eight ta twelve montbs. BeCore the one word stage, then: is certainly babbling and

gesture, but they are DOt linguistically œcognizable or meaningful (Macstas &. Moores,

1980; Petiuo, &. Marentette, 1991; Prinz &. Prinz, 1979). The next stage ofASL

development is two-sign COmbinatiODS, wbich is also carly syntax. ASL two-sign

combinations are typically not inflected and olten tbere are scmantic relationsbips bctween

the two signs. Deitic pronouns begin to appear al tbis stage. Based on Petiuo's (1983)

data. tbis stage is around 12 months ta 23 months.

The next stage is the acquisition of ASL IDOIphology. This stage occurs al

approximately 2 1/2 10 3 years of age. Mmphological acquisition includes such marIœrs as

subjcct-vcrb agœement as weU as complex classifierconstructions. Verb agreement

acquisition oœurs generally al ages 3;0 to 3;6 (Meier, 1982). The acquisition ofclassifier
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cœstruetions begins al 3 and continues until age 8 01' 1aIer (1Cantar'. 1980; SnpalJa. 1982)•

At ages 7 or 8, children still mate many c:mJI'S on classific:rs, somctirncs refcrrcd ID as

complex verbs ofmotion. This bas led some resean:bers ID suggest Ibal these struetuœ5 are

the most IDOIphologically complex in ASL (Newport & Meier, 1985).

In summary, ASL bas ilS own grammatical Struetu!e, which is diffeœnt froID spoken

languages because il is based in space. ASL grammatical structures are made with the

bands, arms, body, movement, and facial expœssions. Studîes ofASL development indieate

tbat, Iikc od1er naturallanguages, ASL bas its own timcliDc 8Dd that grammatical s1l'UCtUœS

are Kquired step by step froID less ID IDOle complex.

Rcsnndt OuesQons

The present study uses a design simi1ar to that used by Lock (1996) who used

grammatical structures ofincœasing complexity that are acquiœd at increasingly older ages

by native English lcaming cbildren. The present study applics this design to grammatical

• structures in ASL Incœasingly complex, ASL ....mmadcal structures are used as srimulj

As just discussed, tbis is based. in part, on ASL acquisitional œsean:h. Althougb many

studies bave found various effects ofage ofacquisition on various ASLstru~no study

bas systematically compared these effects across a range ofASL syntaetic structures.

The present study tests three main bypothesis. The first bypothesis is that age of

acquisition will affect ASL grammatical processing. The second hypothesis is tbat syntaetic

complexity will affect ASL grammatical processing. The thüd hypothesis is that age of

acquisition and syntaetic complexity will intenlCt to affect ASL grammatical proc:essing; age

ofacquisition effcets on ASL grammatical processing will incœase with increasing

grammatical complexity.

1bese three hypotheses are tested with one experimentofASL grammatical

proccssing. The task is grammatical judgemcnt. The dcpcndcnt mcasmes are (1) response

accuracy and (2) response latency. The subjects are deaf users ofASL who first acquiJal it

• at various ages ranging front binh to 13 yean.
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The tbœe hypodJeses maIœ die folIowin, predictions:

(1) Response accuracy will clccline and lateDcy will iDcœase wim iDcœasing age ofASL

acquisition.

(2) Re5p)nse accuracy will declinc and latency will inc:n:ase with iDcœasing ASL syntaetic

complexity.

(3) Response accuracy will dccline and 1aœDcy will incœase lIJDœ sipificandy the laœr the

age ofASL Kquisidon in associaIion wiIh ineœasing ASL syntactic complexity.
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Mcthod

The hypotheses for this study were tested experimentaUy. 1bree groups ofDeaf

subjects who had acquired their tint Iansuase, ASL, at varying ages participated by

perfanning one experimental task, grammatical judgementofASL sentences seross

increasingly cœtplex ASL grammatical structures.

Subjects

Thirty Deafsubjects (seventeen men and tbirteen women) participated in this

study. ASL wu the primary language ofcommunication for all subjects. They had used

ASL in their everyday life aiDee their tint contact with sign language and had at least 12

yean oCexperience using ASL. None ofthe subjects had a successful oral background

(lipreading, speech, etc.). Severa! subjects did have oral backgrOWlds, but because they

did Dot Cully muter spoken language, they did not Ceel that it was their first or primary

1808''8ge.

Subjects were recruited by Internet advertisement, tlyers, phones caUs (rom

various Deafcommunity phone book listings, and by "sign-of-hand". Deafsubjects from

Montreal, Toronto and surrounding cities, Ottawa, Winnipeg and Halifax participated.

Any subject with a masters degree, orwho had formai training in sign language teaehing or

iD Hnguistics wu excluded in an attempt to control for educational background.

The Deafsubjects were clivided into tbree groups depending on their age offint

contact with ASL. The first group is designated u "Native" (henceforth N). They

acquired ASL u their native language ftom one or bath parents who communieated in

• ASL at home. The secœd group, designated "School Aged" (hencefortb SA) group, were
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individua1s who acquired ASL between the ages of4 and 7. The tbird grouP. designated

"Late Leamers" (hencerorth L) group. were inclividuals who acquired ASL between the

ages of8 and 13 yeus. Ali subjects leamed ASL tbrough social interaction widl members

orthe DeafCQIIlmunity. and not from schools for the deafwhere the signed language used

was mostly Total Communication or SEE. Ail subjects reported that they did not use

Total Communication or SEE outside ofthe c1assroom. The subject cbaracteristics and

language background ofthe three groups are presented belowand cliscussed by group.

Native amupe The Native group CODsisted orten Deaf subjects who acquired ASL

from theirDeafparents. Thecharacteristics ofthese subjects are shown in Table 1.

Their language and education bacJcsrounds an as foUows. Ali subjects were right handed

except NI who was left-handed and NIO who was ambidextrous. according to self-report,

(who used the right hand during the experiment). Most ofthe subjects were enrolled in

coUege or university (BA level) studies. Subject N2 had only a higb school diploma, and

subject NS had vocational training. Ooly one subject (NIO) used a hearing aid.

ScbooI Med group. The School Aged group consisted of ten Deafsubjects who

acquired ASL when they began attending a school for the deaf. between the ages of4 and

7 yean old. They did not have a prior tint language. The characteristics ofthese

subjects are shown in Table 2. Their language and education backgrounds were as

follows. Ail subjects were right-handed except SAI who wu ambidextraus, according to

self-report, (who used the left band during the experiment). These subjects had various

academic backgrounds silDilar ta the N group. OnIy me subject (SA7) used a hearing aid.
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Laie 'camer arou». The Late Lamer group coasisted often Dealsubjects who

acquired ASL when they began attending • school fQl' the deat: between the ages of8 and

13 yean. They had spent the previous school yean in oral schools for the deat: which

clid not alIow the use ofsigned lanpse. They had Dot successfully acquired a prior first

language. The cbarackristics ofthese subjects are shown in Table 3. lbeir language and

education backgrounds were as follows. AU subjects were rigbt-handed according to self.

report. The subjects also had various academic backgrounds similar to the other two

groups. No subject used a hearing aide

The subjects in the tbree sroups were between the ages'of 18 - 84 yean at the

time of the study. There wu a significant ditTerence in age between the groups (F [2,27]

= 5.14. p< .05) with the Native group <M.= 24.2 yean) significantly younger tban the

School Aged: (M = 43.2 years) and Late Leamer group (M = 43.0 years). There was no

significant 88e dift"enmce between the School Aged and Late Leamer groups. However.

this difference in age was neœssary to control for the number ofyears ofASL experience

across the tbree groups. The Native group's average length ofASL experience wu 24.2

years. the School Aged group was 37.6 years, and the Late Leamer group wu 32.9 years

and there was no significant difference among the groups for ..."erage yean ofASL

experience. The groups were balanced as much as possible for sex; the Native group

consisted of6 males and 4 females, the School Aged IJ'OUP consisted of7 males and 3

females, and the Late Leamer group consisted of4 males and 6 females
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Grammatical Judeamcgt Stimuli

Ali the ASL stimuli ofvaryîng levels Œc:omplexi~ were developed by the

researcher. a Deafnative signer. lIong with another research assistant who wu al50 a Deaf

native signer ofASL. A pilot stimulus Iist wu tint createeI and then videotaped by the

inves1igator and subsequendy judged by tbree other ASL signera within the Montreal

Deafcommunity for grammaticality. AIIjudges qreed with the grammatical status ofthe

majority ofthe stimuli. There were 50me clisagreements about whetber some stimuli were

ungrammatical. When the three judges clisagreed abaut whether a sentence wu

ungrammati~it wu cbanged or corrected UDtil ail qreed that it wu ungrammatical.

After this pilot worle, the investigator professionally videotaped the stimuli for

experimental use. AIl signs were higb frequency and selected expressly to avoid

eonfùsiœ in signs due to regionalism. The stimuli contained no fing~Pelling.

The basic control &Cross ail the stimuli wu the number ofmorphemes. which

ranged from 6 10 9 for each sentence. The nomber ofsigns wu not counted, only the

number ofmorphemes, which included grammaticalized facial expressions. AIl sentences,

except the Relative Clause. had one verbe Relative Clause sentences had two verbs, one in

each of two clauses. The verbs ofail the syntactic categories, except classifier

constructions. were oftwo types. eitber plain or inflected (padden, 1981, 1983; 1990;

Supalla, 1982; Wallin, 1996). For 50me syntactic categories, onIy plain verns were used,

and for athers only inflected verbs were used, and for others both types were balanced.

The grammatical and ungrammatical sentence types are expIaiDed below. Examples of



•

•

•

24

grammatical sentences tiom each category are sbown in Table 4. EDmples of

ungrammatica1 stimuli front each eategory are sbown in Table S.

Simple sentences, Simple senten~consistee! ofonly unintlected signs. AlI verbs

were plain and bad no agreement inf1ections (as none wu required). Grammaticalized

facial expressions and any other kind ofinflectiOll were Dot used. There were no

agreement loci within the signins space except for prODQUDS (PT-1); there were no

classifiers or SASSo AIl the sentences had from 6 to 8 morphemes <Y =6.6). A total of

184 morphemes were used for 14 grammatical and 14 ungrammatical sentences. AU the

srammatical sentences were made ungrammatical by moving the verb ta another position

in the sentence, whicb made them ungrammatical. As previously described, pilot testing

showed tbat signers found these stimuli ungrammatical. Appendix B.l lists ail the simple

sentences stimuli.

N'Sanve sentences, Negative sentences also consisted ofooly uninflected signs.

No inflected sips were used in the sentence except for the negative marker. No

agreement loci were used within the signer space except for possessive pronouns (POSs..l

& POSS-3); there were no classifiers or SASSo There were two types ofnegative

inflections, (1) the 'NOr sign whicb was placed before the verb and (2) the negative, non­

manual facial morpheme. Halfof the sentences had the NOT sign and halfused ooly the

negative facial morpheme. Ail the sentences had ûc:m 6 ta 8 morphemes <M =6.7). A

total of 188 morphemes were used for 14 grammatical and 14 ungrammatical sentences.

The grammatical sentences were made ungrammatical by moving the negative 'NOT sign

ta another location in the sentence to malte them ungrammatical. For those sentences
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with the neptive facial morphem~ the nepdve facial morpbeme appeared at the start of

the sentence and cootinued duriDg the sentence before the verb appeared. For sentence

#SS (ungrammatica1) the facial marker started on the preceding phrase instead ofat the

besinning ofthe sentence. Pilot testing sbowed tbat si8l1ers found these stimuli

ungrammatical. Appendix S.2 lists ail the negative sentence stimuli.

DjRdional yerb sentenœs. Directiœal verb sentences consisted ofuninflected

signs with one verb inflected for persan and number. There were no Classifiers or SASSo

The verns were directional verbs that used the signer space ta indiC8te persan and

number. lbere were two types ofdirectional verbs used: (1) body-anchored verbs were

used for the half ofthe sentences and (2) unanchored verbs were used for the othee halfof

the sentences (Padden, 1981; Padden, 1983; Newport & Supall, 1978; Supalla. 1982).

Body-anchored veros require that the vern contact with the body (face, arms ortorso) and

therefore blocks persan and number inOections. Unanchored verbs do not contact the

body 50 that they can take persan and number inflections. These sentences required two

persons for verb agœement; agreement arder amans first, secon~ third PeI'SOJ1s wu

controlled as shown in Table 6. AlI the sentences had from 6 to 8 morphemes (M = 6.8).

A total of 190 morphemes were used for 14 grammatical and 14 ungrammatical sentences.

The snunmatical sentences were ail made ungrammatica1 by moving the vero phrase (i.e.,

verb + personlnumber inflection) to another phrase. Pilot testinS showed that signers

found these stimuli ungrammatical. Appendix B.3 lists ail the directional verb sentences

stimuli.
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Wh sentences. The Wh (quesIÎOIl) sentences consisted ofuninflected signs and a

Wh marker. There were DO Clusifiers or SASSo Halfthe verbs used were inflected and

halfthe verbs were plaiD. There were two types ofWh markers, (1) the Wh non-manual

facial morpheme wu used for the halforthe sentences. and (2) the sigus &WHY' and

&WHO' were used for the other halfofthe sentences. For the Wh facial marker, the

sentences used the Wh facial morpheme witbout any Wb signe The other halfofthe

sentences used the Wh sigu, which wu placed al the end ofthe sentence. The Wb facial

marker sentences were ail Open Wb except one grammatical sentence, #85, and its

ungrammatical counterpart #99. The Open facial Wh refers to eyebrows raised and

Closed Wh refers to eyebrows furrowed. This was balanced as much as possible with

sign Wh questions (N 6 used Wh Open and #8 used Wh dosed). Ail the sentences had

from 6 to 8 morphemes (M= 7.0). A total of 196 morphemes were used for 14

grammatical and 14 ungrammatical sentences. The grammatical sentences were made

ungrammatical by moving the Wh facial marker or sign to another phrase which made

them ungrammatical. Pilot testïng showed that signers found these stimuli ungrammatical.

Appendix S.4 lista ail the Wh sentences stimuli.

Relative clause sentençeI. Relative dause sentences consisted oftwo verb clauses

using neither Classifiers Dar SASSo The verbs used were both inflected and plain and used

these were used equally &CrOSS all 14 sentences. As with the negative sentences, there

were two types oflle markets, (1) a RC facial morpheme, and (2) &THAT' and

&ITSELF' sign markers. For halfthe sentences the RC facial marker wu used and for the

othee halfofthe sentences the RC signa were used. The main characteristic ofthe Re
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facial Marker is tbat the RC subontinatiœ is macle with facial expression œly without

usina 80y IlC sips. The IlC facial markers were III positioned in the fint part ofthe

sentence. The IlC signs were used in the second part. Ali the sentences had fi'om 6 to 9

morphemes <M.= 7.9). A total of220 morphemes wereused for 14 gnttomatical and 14

ungrammatical sentences. The grammatical sentences were made ungrammatical by

switching the IlC facial marker and it's accompanyins clause ta the second part ofthe

sentence. In the case ofthe R.C signs, they were moved to another, earlier phrase ta mlke

the sentence ungrammatical. Pilot testing showed tbat signers found these stimuli

ungrammatical. Appendix B.S lists ail the relative clause sentences stimuli.

Classjfier sentences. The classifier sentences consisted oftwo clauses; the fint

wu the ground and the second wu the figure. The second clause cootained a verb of

motion. The ground was first introduced ioto space followed by the figure, then the verb

ofmotion was produced. l'here were tbree types ofclassifiers use<!, CLASS-l (animate

and vehicle), CLASS-2 (inanimate and abject), and SASSo AIl the sentences had fi'om 6 to

9 morphemes <M.= 7.7). A total of216 morphemes were used for 14 grammatical and 14

ungrammatical sentences. The grammatical sentences wen: made ungrammatiad by

scrambling the spatial order of the classifiers, which made them ungrammatical. Pilot

testing showed that signers found these stimuli ungrammatical. Appendix B.61ists ail the

classifier predieate sentences stimuli.

Egyipment and Materjals

The ASL sentences were videotaped with a professional SONY digital

• videocamera, mode! DCIlVX-lOOO. The movie files were then transfeaed ta an Apple
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8100180AV computer with a Radius videocard and RCA in/out video connectiCJll. Adobe

Premiere 4.2 wu used for editing and movie compressiOll wu performed with Movie

Cleaner Pro 1.2 with the foUowing settings: 30 frames pel' seconds. Cinepak, millions of

colon, 340 x 280 pixels, 3OOK/sec maximum data rate. The Quiclt nme movies were thm

integrated into PowerLaborato1Y software (Chute et Daniel, 1996) and recorded onto a

CD-ROM During the experiment, PowerLaboratory wu installed on the PowerBook

bard drive for optimal performance and speecl. During testiD& the computer baUery wu

never used; a 12Ov. source wu always used. This avoided spinninS down the bard drive

and dimming the SCteeIl.

The grammatical judegment task was created and presented on an Apple 03

PowerBook portable computer, 292Mhz processors~ 96MB RAM, 14-inch active

matrix color~ and PowerLaborato1Y 1.0.3 experimental software (Chute et Daniel,

1996). The program allowed the experimenter to design the task witb QuickTime movies

in ASL. It a1so a1lowed for computerized collection ofthe data in terms ofresponse

accuracy and latency. A Gravis MacGame Pad, a command pad, with four colored

buttons (blue. green, yeUow and red) wu attaehed ta the computer. For the experiment,

ooly the RED button (incorrect), placecl on the let\, and the GREEN button (correct).

placed on the right, were used. The other colored buttons were disabled. The response

latency for each stimulus wu recorded by the computer in milliseconds when either the

RED or GREEN button on the GamePad wu pressed. The results of the experiment were

saved automatically after each ofthe four sessions in specifie subject folders.
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ne computer measurecl response latency ftom the onset of the stimuli to the

subject's button press. Because response latency couId Dot he measurecl by the computer

witbin a video clip, the leugth oftime in milliseconcls fi'om the onset ofthe stimulus to the

onset ofthe ungrammaticality wu measured separately for each ungrammatical sentence.

The length oftime from the onset of the stimulus to the onset of the ungrammaticality

wu subtraeted from each subject's response time. This yielded response latency from

the point ofthe ungrammaticality for each stimulus pair, the grammatical and

ungrammatical versiœs.

Procedure

ASL was used during ail testing. The subjects were tested individuaUy in a nOD-

clistraeting environment; the experimenter wu not in the subject's view during the

procedure (except for the practice session), that is, the experimenter sat behind or beside

the subject during testing. Subjects varied in the time needed to complete the task, the

time ranging from approximately fourteen minutes to one bour. Ail subjects were

informed about the experiment (tasks, freedom to withdraw) and asked ifthey wished to

participate iD the study. The contents orthe consent form were given in ASL for the

subjeets if 50 requested. In order to complete the background questionnaire on the

subject's language and educational background, the subjects were interviewed by a Deal

experimenter who wu fluent in ASL. The Background questionnaire is given in

Appendix C. The consent fonn is given in Appendix D

Followins the inteJview, the subject wu asked to complete a practice session

using 8 ASL stimuli, which were similar10 the experimental stimuli (see Appendix A).
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The stimuli were presented in the center ofthe computer' screen witb a black background

around the movie frame. There wu no focus sipal or blank screen between stimuli.

There was • pause of lOOOms before the computer started ta show the ASL sentence.

Each stimulus began witb • still picture which wu the tirst tiame ofthe signed stimuli.

Subjects generally sat two feet fiom the screen. The subjea wu required to press one of

eithec two coIored buttons, the RED one ifthey judged the stimulus to be ungrammatical

or the GREEN one ifthey judged it to be grammatical. Subjects were instructed to focus

on the syntactic stlUeture ofthe sentence (facial expressions, sign order and spatial

arrangements) and not (Hl sign variation or semantic interpretation. The task wu given in

four parts. Subjects were given a 3 to S minute break between each part. Each part

coDSisted of48 stimuli randomly cfrawn from from the total 168 stimuli.

The 168 ASL stimuli were six ASL sentence structures with 28 examples ofeach

with 14 grammatical examples and 14 ungrammatical counteiparts. The 168 ASL stimuli

were randomized in a fixed arder and then separated in four sections. The purpose oftbis

wu to allow subjects to take a break inbetween sections if they sa desired. Some

subjects elected to take no breaks and others did. Subjects were infonned that the

computer recorded response accuracy and latency, which required them ta be careful, but

they were also aslced not ta pause unnecessarily. They were toId ta just do their besl

The subjects held the GarDe Pad in both their bands and were instrueted to hold it in the

same way througbout the experiment. Subjects reponded with their thumbs as in a video

pme. For the left-handed subjects, the game pad wu simply tlipped 180 degrees ta
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used the green button (correct) with their dominant band, as did the right-banders.
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&csults

The results of this study are presented u follows. First, the results of the

bacJcsround measures are summarized. Sec:œd, the grammatical judgement task

performance (both accuracy and latency data) is presented. Data were analyzed with

repeated measures analyses ofvarïance, A', and latency normalizatiOll. For eue ofdata

reportiD& the age ofacquisidon sroups will continue to be siven as: (1) the native leamers

ofASL, N, (2) the school aged leamers ofASL, SA, and (3) the late leamers ofASL, L.

For tabular and graphie purpose~ the syntaetie sentence types are denoted as 'S', 'Neg.',

'V, 'Wh', 'RC', 'CL', for simple, negative, directional verb~ question, relative dause

sentence, and classifier structures, respectively. The ASL syntaetie structures were

selected to ref1ect increasing complexity based on linguistie theary and the ASL

acquisition literature. Thus, the order of syntaetie types siven abave is ftom simple ta

more comptex. The sentence lega1ity is denoted as '0' and 'U', for grammatical and

ungrammatica1 ASL sentence stnlctures, respectively.

Backargund MpSUres

In order to detennine ifage ofASL acquisition was retated ta self-assessment of

ASL and Spoken English skill~ the deaf subjects who participated in the study completed

two rating scales. The rating wu on a scale of0 to S, where 0 meant "not at ail" and S

meant CCexcellentn The N Group rated themselves at a Mean of4.85 in sign language skill

and a mean of4.8S in finserspelling ski11, but at a mean of 1.25 fCX' spoken skill (Table 1).

The SA Group rated themselves at a mean of4.9 in sign language skiD and a Mean of4.2S

in fingerspelling skill but at a Mean of 1.1 for spoken skill (Table 2). The L group rated
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tbemselves at a mean cl4.3 in sisn lansuaae ski11 and ai a mean of4 in fingerspelling skili

but at • Mean of2.6 for spoken skill (sec Table 3).

Figures 1 to 3 shows that, in signing skiUs, the N (P'oup had a higher Mean self­

rating score tban the SA and L groups. However, there wu an opposite effm 00 spoken

skill; the L group save themselves a bigher mean oral ratioS than the two other groups, u

also shown in Figures 1 to 3.

Grammatical Judpment

The bypotheses under investigation in the present study predict that the Native

group will outpeIfonn the other groups (school aged and late) on the grammatical

judsement task. AllO, it is predieted that the scbool...aged group should outperform the

late group. The native group sbould make fewer errors than the other two groups and

theit time response lateocies should be quieker too. The hypotheses also predict that

increasins syntaeâe complexity wiU iDcrease judgement eaors and response latency.

Also, age ofacquisition sbould interact with syntaetic complexity (Look, 1996;

Maybeny, 1993; Mayberry" Eiehen, 1991; Mayberry" Fischer, 1989; Newport, 1990,

1991)

Accuraçy. Table 7 shows the groups' judgement accuracy on the grammatical

judgement task as a fimetion ofsyntaetie structure and leplity. The accuracy scores were

analyzed with two 3 x 6 x 2 repeated measures analyses ofvariance (ANOVA) for both

subjects and items. The between...subjects factor wu age ofsign language acquisition,

with three groups (N, SA, and L). The tint witbin subjects factor was type of
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sramm1tica1 struc:lure, with six leve1s (S, Nes, V, Wb, R.C, IIld CL). The second witbin­

groups factor wu legality, with two leve1s, Gand U.

The results showed a main efFect for age ofacquisition (FSuhjedi [2,27]=11.63,JL<

.001; F...... [2, 156]=100.43, JI.< .001). Thus, age ofacquisition sbowed strong etTects on

the ability ta perform grammatical judgements in ASL u shawn in Figure 2. The native

group made fewer errors than the two other groups with a mean of36.5 emors from 168

tota1 sentences (21:70/'0). The school aged group made 53.S mean errors (31.8%). The late

learner group made a average of68.2 errors (40.6%). Eadt group performed significandy

differently from the other (StudentINewmanllCeuls;Jr' .05). ..

There wu a significant main effect for syntaetic structure (FSUbjecII [5,135]=8.48, JI

< .001; F...... [S,78]=2.89, Il.<7.05). There wu a1so a main etTect for legality (FSub"

[1,27]=36.51, JL< .001; Fla- [1,78]=3.02, Il < .001). The eff'ect ofsyntactic structure

interacted with legality (Fsubjcctl [S,13S]=14.0I,.R < .001; F... [S,78]=3.02,,R < .OS).

The interaction between syntactic structure and lega1ity is shown in Figure 3. The

interaction wu such that the subjects made significandy more errors on the

ungrammatical as compared ta grammatical stimuli on all syntactic structures except Neg

and Cl stlUetures (StudentlNewman/Keu1s, ge.05).

There wu no significant interaction between group and syntactic category

(FSubjedi [IO,13S]=o.97,,R = o.s.; F.... [10,156]=1.13, JI = n.s.). As shawn in Figure 3,

syntactic complexity affected aU the groups' performance in the predicted fashioD except

for CL structures. Although CL structures are reported in the literature as being higbly

• complex and acquired late by children, the subjects made fewer errors on these structures
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comparecl tban the other pres1lm ably complG structures, Damely Wb and R.e

(Student/NewmanlKeuls, g<.05).

Latcnçy. Table 8 shows the groups' response latency results for the grammatical

judgement task as a fimetion ofsyntaetic structure and Iegality. llesponse latency wu

analyzed for correct responses ooly. The latency results were anaIyzed with two 3 x 6 X

2 11 repeated measures analyses ofvariance (ANOVAs) forboth subjects and items. Agai~

the between-subjects factcr was age ofsian language acquisition with three level~ (N, S~

and L) and the witbin-groups factor wu type ofgrammatical stnIcture with six levels, (S,

Nes. V, Wh, Re, and CL) and legality (G and U).

There wu no significant efTect for age ofsign language acquisitiœ for the subject

analysis but there wu for the item analysis (Fsubjecla [2,27]=0.82, rn.s.; FI.... [2,

156]=23.44, g,< .001). This means tbat there wu not an overall eff'ect ofage of

acquisition on response latency but that there were effects for some items. There was a

significant main efTect for syntactic category (Fsubj_ [5,135]=14.11,,R< .001; F...

[5,78]=2.56, Il< .05). The etrect ofsyntactic category interaeted with age ofacquisition

for the item anaIysis but not the subject analysis (Fsubj_ [5,135]=1.48, JFIl.s; Fiteall

[5,78]=1.99, Jl< .05), as shown in Figure 4. This means that there wu not an overall

interaction between age ofacquisition and syntactic category on response latency but

there was an etTect for some items.

There wu no main effm for legality. However. there wu an interaction between

syntaetic eategory and legality and tbis is shown in Figure 4. The interaction was such

• tbat the subjects were significandy slower on the ungrammatical as compared to
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srammatical stimuli Cor a11 syatadic eatesories except Nes and Ile structures

(StudentsINewmanlKeuls, ,Jl<.OS).

A' aualyais. ne purpose ofthe A' anaIysis wu to examine the percentage of

bits and false alanns the subjects made. A' is an index ofgrammatical sensitivity whicb

allows us to take mto account the subject's guessing behaviOl". The formula used for A'

analysis wu: O.S+[(Y-xXl+y-x)]l4y(l-x»), taken üom Linebarger, Schwartz, and Saftian

(1983). The x is the proportion offalse alarms (ungrammatical incorrect answers) and y

is the proportion ofbits (grammatical correct answers). A' data were computed

separately for each subject and then analyzed with a two-way (3 x 6) ANOVA The

between-subject factor was age of acquisition and the within-group factor was type of

SyDtaetic structure.

Table 9 shows the A' results. There was a significant effect ofage ofacquisition

(Fsubjecta [2,27]=10.05, Il-<.001) showing that the A' values decreased as age ofASL

acquisition increased (see Figure S). Each group's performance was significandy difFerent

from the other (StudentINewmanlKeuls, 1l<.OS). There was a1so a significant main effect

ofsyntactic structure (FSubjecla [5,135]=7.75, g.<.OOI) that clid not interact with age of

acquisition. Post-hoc testing showed that the effect was due to the Neg and Re

structures. As Figure 6 shows, there wu a Iinear trend by which performance declined

from simple to complex sentence sttudures, except for the CL structure.

Besponse âme OQQDalization. To control for individual response time tendencies,

the response latency data Cor eacb subject were nonnalized with the formula 'U-GIU'

(U ungrammatical and CF grammatical). The formula represents the mean percentage
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decrase in response time to snunmatical venus unpmmatical stimuli (Leœard & Daum,

1998). A positive value means tbat the response times were Caster to grammatical than to

ungrammatical sentences and a negative value shows the opposite.

Table 9 shows the response latency normalization results. The nonnalized

response latency data were anaIyzed with a two-way ANOV.'. The between-subject

factor wu age ofacquisition and the witbin-group factor wu type of syntactic structure.

There was a sigoificant etfect ofage ofacquisition as shown in Figure 7 (FSub';­

[2,27]=4.39, IL<.OS). Normalized response latency increased as age ofASL acquisition

increased. Post-hoc testing showed that the eft"ect wu primarily due to the late leamers

who showed significandy greater normalizecl response latency than the other two groups.

Specifically. they showed significant quicker reacâon times for grammatical as compared

to ungrammatical stimuli. Tbere was also an effect ofsyntactic Sb'ueture (Fsub,;ec.

[5,135]=19.81, Il-<.001). As Figure 8 shows, subjects responded quicker to grammatical

than ungrammatical stimuli for the simpler structures (S and V) compared to the more

complex ones (WH and CL), except for the two structures where the ungrammaticality

early in the sentence (N and Re) (StudentsINewman/Keuls,.R <.05).
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Di$ÇJIssiOQ

The present study tested duee bypotbeses The first bypolbesis wu tbat age of

acquisition wouId affect ASL lI'8"""aricaJ pIOCCSsinl- The bypotbesis predieted tbat

incœasing age ofacquisition would result in decœasing ASL processing performance. The

second hypothesis wu that syntaetic complexity would affect ASL grammatical pnx:essjng.

The prediction wu that increasing syntaetic complexity would result in dc:cœasing ASL

proccssing performance. The thiId hypothesis was tbat age ofacquisition and syntaetic

complcxity would interaet 10 affect ASL grammatical Pfi.'CCSsing; age ofacquisition cffects

on ASL grammatical processing would incIcase wim incœasing syntactic complcxity.

The duee hypotheses weœ tested wim one cxperimcnt ofASL grammatical

pluccssing. The task wu grammaricaljudgemcnt ofASL sentences. The dependent

measures weœ (1) teSpOD5e accuracy and (2) rcsponse Iatency. The subjects WeJe duee

poups of 10 subjects each wbo werc dcaf users ofASL and who first acquiœd it al birtb,

ages 410 7. and ages 8 tu 13. The ASL stimuli weœ grammalical and ungrammatical

examplcs of six types ofASL syntaetic structures of increasing complexity. simple,

negative, dift:ctional verb, question. relative clause, and classifier. A language proficicncy

ratiog scale was also administeœd.

Accuracy and latency of the subjects' grammatical judgements were the depcndcnt

measmes. Aœuracy data WCK analyzed as raw data and men transformed with an A'

fŒlDU1a and œanalyzed to CODuol for guessing behaviOl". Latency data weœ analyzed fOI"

cemet responscs only and thcn transformed witb a normaUzation formula and reanalyzed to

adjust for individual JeSPOIlSC tendencics. The data weœ analyzed with analyses ofvariance

~~f~œ.of~~~~p~@cal~pcxity~~~~~

Analyses ofuntransformcd accuracy and latency data included a tbird factor of legality

(grammatical vs. ungnumnarical).

H.vJ1otbesiII: Ap ofAQluisitim Affects ASL Orammatjcal Prgçcssj0l
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The accuracy œsults sbowed 1bat theœW~ effects ofage ofacquisitiœ cm ASL

paiiUFUldcaI processi"g. 'l'beœ was a sipificant main dfect fcX' age ofacquisition on

perfOimancc accuracy and tbae was a signjfjcant ctiffeœnœ between ail tbree groups (N.

SA, and L). The œsults mean Ibalth~ is detaioradng performance accuracy with

increasing age offint sign language acquisition. The accuracy of the Native group was

78.3'11, the School Aged group scoœd al 68.2CJJ. and the LaIe Leamer group scoœd al

59.4'11. Thcrcfoœ, the accuracy data suppoics the first hypothesis dw there is an effect of

age ofacquisition on ASL grammatical judgemem perfonnanœ.

The accuracy data weœ reanalyzed with an A' fonnula. The purpose of the A'

anaIysis wu tu have an iDdex ofscnsitivity to A8L grammatical struetmes. The A' anaIysis

takcs into account pessing bebavior. The œsWcs again sbowed a signiticant effect for age

of first silO language acquisition with significant diffeœnces among all subject groups.

Grammaricaljudgcmem performance declincd as the age ofASL acquisitiOll increased.

Thcrefore, scnsitivity to ASL syntaetic SII'UCtU1'eS detoriatcd as age ofacquisition increased.

The latency œsults wc:re somewbat diffcrcnt from the accuracy œsults. Theœ was a

partial effect ofage of sign language acquisition on œsponse Jatcncy. There weœ

significant effects fm' the item analyses but not the subject analyses. This means that the

effects ofage of language acquisition did not generalizc across all subjects, however, it did

generalizc acmss items. One explanation for Ibis partial effect may be the low nomber of

accurate responses from the school-aged and Jate leamer groups because ooIy response

latency for COl'IeCt œsponses were analyzed. These two groups made a mean of362~of

inCOD'eCt responses (SA: 31.8'f, and L: 4O.6f1,). 8y contras!, the native group provided

ncarly twice as many comct responses for the latency analyses, yidding a lIlOIe robust data

sample.

However, when the œsponsc latency data weœ nonnauzed to take iota account each

subject's responsc latency tendcncies to both grammatical and ungrammatical items, there

was a significant effect for age of sign language acquisition on responsc latency. This
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effect wu primarily clue to the Iale Ieamergroup who had slower mean nonnaJized œsponse

larcncies compaœd to the odlcr IWO groups (naâve 8Dd school-aged). This !J1e8"S that the

laie leamers were sIower tban 1be odIcr two groups 10 œject ungrammatical stimuJj Thus,

age of sign language acquisition affected gmnmalical perfannanœ accuracy to a greateI'

degœe than response latency. but bath aspects ofASL gmnmarical judgement weœ

predieted by age ofacquisition. These results fit the first hypothesis.

A sign language proficiency rating scaIe wu admiDistered to the subjects prior to

the experimenL The results of the raling scale sbowed that. in general. the subjccts were

aware of their ASL mastery. The Jale Ieamergroup gave themselves paolCi ASL mean

ralings compared to the school-apd and nadve groups. The D81Îve group gave higher mean

ratings than the other groups and the experimental resuIts showed tbat thcy werc com.ct in

their ASL proficiency assessment. It is very intel'eSting that these deaf individuals weœ

awaœ of their sign language mastery sr SOlDe level. which was unoonsciously affectal by the

factor ofage ofacquisition.

The tindings of the pœsent study may be interpreted as evidenœ that theœ is a

critical period for sign language acquisition: as age of acquisition increased, ASL

grammatical sensitivity declined for perfOI1D8JlCC accuracy 8Dd incrcased for response

latency. The accuracy results were more robust tban the Iatency results. Previous research

on critical period effects in sign language have previously shown age of acquisition effects.

Studïes condueted by Mayberry and Fischer (1989) on sentence memory and narrative

sbadowing, Newport (1991) on vero mmphololY, Mayberry &, Eichen (1991) and

Mayberry (1993) on sentence-rccall, and Lock (1996) on second language grammatical

processing based on age of first acquisition ofASL ail found significant effects ofage of

acquisition on ASL performance aceuracy. The present results show sirrriJar findings. The

pœsent results also extend these pœvious findings by comparing and contrasting the effect

on a range ofSYDtaetic S1I'UClUœS, as discussed below•
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The paentœsults are somewbat diffe:rent froID tbose ofFJIU1"X'eY (1991) and

Emme Mey et al. (1995). These IWO pœvious studics fOUDd &Je ofacquisitiœ effects œ

œsponse Iatcncy but DOt cm accuracy far ASL verb morphology. The present study

repHeates these studies by also finding age ofacquisition effects for œspoosc latency. It is

not clear wby the pœvious studies ctid find effects fŒ rcsponse accuracy in conttast to the

present study. One possibility is tbat the present study included many more syntae1ÎC

structures and many moœ examples ofeacb struetlR 50 tbat a larger amount ofdata was

collecœd from each subjcct (bence greata' variability in tbe data). Howcver, the pœsent

study is in keeping with pœvious researcb, nearly an ofwbich bas found etTects for

œsponse accuracy.

Jbpothesis U: Syntaetic CompJexi1Y Affo;g ASL Omnmatical Proccpinl

A novel apsect of the present study wu tbat it used gnunmadcal aad ungrammadcal

examples ofsix different types ofASL syntaetic struetures of incœasing cemplexity.

simple, negalivc. dira:tional verbs, questions, œlalive clauses. and classifiers. TIRe of these

syntaetic Stl'UCtUœS included examples ofsyntaetic rules in signs YS. grammadcalized facial

expressions. ncgatives. questions. and relativc clauses. The second bypothesis pœdieted that

judgcment accuracy would decHne with increasing complexity and that response latency

waould increasc with increasing complcxity. The majority of the œsullS fit thc hypothcsis.

Main effccts of syntaetic complexity emergcd for bath response accuracy and latency (but

did not interaet with age ofacquisition). Legality, grammadeat vs. ungrarnmatical, had an

effect 100. There was an interaction between syntaetic complexity and legality for both selS

ofdata. The œsults showed that the ungrammaricaJ items wcre harder tban the grammaricaJ

sentences. This was true for ail the syntaetic structures exccpt for negatives and c1assifiers

where tbc:re was no cffect of legality.

There was also a significant effect for syntaetic complcxity for the A' analysis. The

A' resullS sbowed that thcœ was a Hnear trend for syntaetic complexity; aœuracy declincd

with incœasing syntaetic complexity, going froID simple ta complcx structures, except for
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!he classifier structures. Perfarmancc œ the classifier suuctuIeS was betœr tban for the

other complex sentences structuœs (questiœs 8Dd relative clauses). This fiDding suggestS

tbat classifer S1rUCtUœS may Dot be as complex as pœvious WOIk bas proposed

The results aIso showcd an etfcet of incœasing syntactic complexity OD œsponse

latency. In general, the IDOle complex the syntaetic scructuœ, die sIower the œsponse.

Tbcœ was no interaction between the factors ofage ofKqUÎSÎtiOll and syntaetic complexity

for the subject analysis. but theœ was an interaction between complexity and age of

language acquisition fm' the item anaIysis. The finding sugests that SOlDe items in SOlDe

syDtaelÏc categories weœ DOt equally difficult aaoss the groups. The finding dw œsponse

latcoey tended to incœasc with increasing syntaetic complexity shows tbat ASL linguistic

description bas psychological n:aIity for deaf signers. The more linguistically complex the

A5L sentence, tbe more lime requiœd to proœss it. This tindiDg was Jess clear for the

œsults fm' œsponse âme nonnalizatioo. This may bc bccause the ungrarnmaticality for two

syntaetic S1I'UCtUœS, negatives and relative clauses, appeaml al the bcginning of the stimuli

whereas the ungrammaticality fm' the otber structures appeaœd latec. Iftbese two syntaeûc

types aœ excluded, the œsponse âme nonnaliution results sbowed that the more compex

structures (questions and œ1alive clauses) requin:d more time for the subjects to œject

ungrammatical stimuli compared to grammatical ones 1han did the simplcr sttuetures

(simple and diœctional vero).

The present study's ranking of syntaetic complexity wu based bath on ASL

linguistic description and on the language dcvelopment literature in ASL. The results

sbowed that tbere was a linear trald in terms ofsyntaetic œmplexity fm' the accuracy

analyses. These rcsulls parallel A5L developmental stages as reporœd in the literature

(Newport" Meier, 1985) except for the classifier structures, which œquùe more study and

analysis. ASL classifiers are regarded as being highly complex and noted as being acquiœd

quite Iate. Howcver, the subjects' performance 0Il Ibis syntaetic eategory wu more in

keeping with the simpler structures (simple, negadve, and dinaional verb) than the complex
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S1I'UCtUreS, (question and Je1aIive clause). One possible expJanadon is dw ASL classifien

are Dot as pammatica1ly c:omplex as linguists bave poposcd. AnoIhcr possibility is tbat the

classifier examples usccl in the pn:sent study weœ over1y simple. An aatmpt was made,

bowever, 10 bave the same Dllmber ofmorpbemes 8CIOSS ail the syntaetic types. WbeD

morpheme IeDgth is controlled. classifier struetuœs aœ Dotharder than ncgalÏve or

din:ctiœal verb sentences. ASL classifias perbaps shouJd he œthought as ranging from

simple to complex as a fonction of the number of involved morpbemes and DOt as unifŒlD1y

compIex.

The results of this sndy furtber suggest that other aspects ofASL syntaetic

Stl'UCtUœ shouJd be studied in lDOI'e depth. 1bere were DO significut legality effects for

ocgadve and relative clause struetu:œs. This may have been duc ta the unonbodox use of

the facial markers in the ungrammarical exampies; the facial marIœr pœceded the signed

sentence. This may have made the deafsubjeds more sensitive ta these ungrammatical

manipulations than tbose of the otber syntaetic auegories.

HyJptbesis W: AF ofAcquisitim and S)'Dtpçtiç CompJœi1Y wUl infmÇt in ASL

OrammatjcaJ Pmcc;ssi0l

Age of sign language acquisition did not interaet widl syntaetic complexity. This

mcans dw the effects ofage of acquisition did not vary Systcmatically 8CIOSS various

syntaetic StruCtLlreS. In general tem1S this means that the simplest syntaetic structures were

easiest for all groups. This also means tbat the most complex syntaetic structures were also

the hardest. regantless the age ofacquisition. Therefoœ. age ofacquisition effects are Dot

dependent upon syntaetic complexity according to the present n=sults. There is an effect of

age of acquisition even on simple structure and not only œ complex ones. One possible

explanation for the diffeœnce between this study's resolts and tbat of Lock's study (1996)

is that ASL was the subjects' primary language. Lock (1996) found complex structures to

be much harder for Late leamers tban Early 1eamers but this was for thcir second language,

Englisb•
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ln snmmary, the present œsul1s show clearly Ibat Ibeœ aœ significaot effeecs fOl'age

ofsip language on grammatical judgemcnt performance in a very impoatant way. The Iata'

deaf individuals acquire sip language, the poora tbey perform on grammatical judgement

for response accuracy and (10 a lesser extent) latency. Therefoœ, the results of Ibis study

suppcllt the hypotbesis that theœ is a aitical period for language acquisition.

Fina1ly, a1thougb die subjects had many years ofASL experience. thae MIe large

effects ofage ofacquisition on ASL grammatical processing. Thcse rcsults mean tbat the

effects of the aitical period is imponant and ïrmymiblc.

IrgpJjçations for the F4nçatjgn ofDeafCbildmn

The critical pcriod fQl' language acquisition is an essential concept in deafeducation

settings. The critical period is a very imponant issue fm" a bilingual approacl1 to education.

The general principles of bilingual education fOI' deaf childœn are based œ the idea tbat

first language acquisition in sign language is necessary in order 10 provide full language

aœessibility 10 deafcbildren befme they acquite a written. second language. As Lock's

study (1996) and Mayberry's (1993) study showed, the effects ofage of first language

acquisition aIso affected second language acquisition. When deaf individuals acquiœ ASL

at Iater ages, the second languages acquiœd (English) tend 10 be learned less well. First

language acquisition is critical and is the foundation ofall future language and cognitive

deve10pment in deafchlldœn. Mayberry (1993) showcd that deaf iDdividuals who acquired

Ibeir first language on a normal time schedule acquircd their second language better than

those who acquiRd thcir first language al older ages. In addition, the self-confidence dcaf

children have in their languages in educational scttings and in cveJ)'day üfe has significant

effects on the remaincl« of their lives. The important point, which cannot be

oveœmphasized, is tbat language must bc acquiœd al the tigbt lime and with good language

input.

Future Rcsespnjb
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This study wu clone widl œal âme, computerized video stimuli and the subjects

made tbcirgrammatical judgement wim agame pad. This RpœSCIl1S a teclmological

bœakduougb for silO lanpale stlldies. This is one of the first studies to use one deviœ (a

computa') for botb stimulus presentatiOll and œsponse measuœment. Also, use ofa video

pme pad provided a naturaI way for subjects to respond widl tbeir tbumbs.

From a teehnical standpoint, one tbing couId be improved. This would be to double

the video window size to 640 X 480 pixels !rom 320 X 240 pixels. Theœ weœ teehnical

limitations such as mcmory and pictuœ qua1ity wbich limited window sizc to 320 X 240

pixcls. AIso, the 03 PowerBook monitor resoluûons wcre limited co 1024 X 768 pixels. If

the IOOnitŒ œsolutiœs weœ 640 X 480 pixels, it might be feasible that the experiment

could nID widl a video window al a resolulÎon of320 X 240 pixels which is the halfof the

saecn. However. the subjects bad no problems vicwing the video window in the present

study.

This study focused on grammatical proœssing. It is necessary 10 extend tbis study

by investigating another grammatical task such as comprehension and production ofASL

syntaetic structures. Additional studies in these aœas will provide suonger evidence for the

critical period bypothesis. By using comprehension and production tasks, we can determine

wbetber the effects ofage of acquisition on ASL gnnnmarical processing generalize to tasks

othez than grammatical judgement. It is important to determine whetber syntaetic

complexity bas similar effects on these tasks to fully understand the effects of the critical

period on grammatical knowledge and proœssing.

Anotber important ares for future rescaJCh is the linguistic nature ofclassifier

struetuœs and grammatic:aUzed facial markers in ASL grammatical processing. The œsults

of the present study suggest that psycholinguistic paradigms, coup1ed with modem

computer tedmolol)'. can yield many new and imponant insigbts ÎDto the linguistic

proœs5ing of these unique syntaetic structures.
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In SUI 1li1IIry. the œsults Œ Ibis S1Udy pIOVidedevidcoce tbat grammatical proœssiDI

ofASL semences is affected independendy by age ofsip language acquisition and

syntaedc complexity. The effects ofage ofacquisition on ASL grarnmariçal proœssing did

not interaet wim syntaetic ccmplexity. The imponanœ ofdie timing of sign language

acquisition was demonstrated by comparing the grammatical proœssïng ofctifferent groups

ofage ofacquisition. This study incœases the evidenœ from pœvious critical period

studies on sign language acquisition. Il is very impoilant to understand tbat the language

problems caused by late leaming aœ DOt ineYitable in the deafpopulaliOll but are avoidable

ifwe undcrstand better how the critical pcriod affects the outeome of language acquisition.
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• Table 1

CJmc;tcrjstk;s of the Natjye Gmyp

Qiïîî!DIJâiçgdpQ R.dol
Agcol Years

Subject Sex ArP ASL of l)cxnjnant HcariDg Sign Fmger Oral HiPestUvel of

~
ASL Band Aïd Spernng ms;,: progressNI M 20 20 L N 4 S 2

N2 M 26 0 26 R N S 4 0 HigbScbool

N3 F 19 0 19 R N S 4.5 0.5 BA in progress

N4 F 18 0 18 R N S 5 2 BA in progress

N5 M 41 0 41 R N 4.S 5 0 Voc. Training

N6 F 21 0 21 R N S 5 2 BA in progress

N7 M 24 0 24 R N S 5 0 BA

N8 M 2S 0 2S R N S S 1 BA in progress

N9 F 22 0 22 R N S S 3 CoDcge

NI0 M 26 0 26 R+L Y (one) S S 2 BA in progress

Mean 24.2 0 242 4.85 4.85 1.23

•

•
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Table 2• Subjm Qaraçtc:rjstjc;a of the Sçhm' A.cd Gmgp

Oiïïûïiûûiçarioo Radol
Age of Years

Subject Sex Age ASL of Deminant Hearing Sign Fmger Oral Higbest Lcvd of

~
ASL Band Aid Spellinc ~;t;0IlSAI M 51 43 R+L N 5 5 1 oc. raining

SA2 F 53 7 46 R N 5 5 2.5 Voc. Training

SA3 M 24 7 17 R N 4 2 0 HigbScbool

SA4 M 31 4 27 R N 5 S 0 BA

SAS F 33 S 28 R N 5 S 0 HigbScbool

SA6 M 40 6 34 R N S 3 1 HigbScbool

SA7 M 32 5.S 26.5 R Y(two) S 3.S 1.5 BA

SA8 M 4S 5 40 R N S 5 3 BA

SA9 M 62 S 58 R N S 4 2 Voc. Tnining

SAlO F 60 S 55 R N 5 5 0 HigbSchool

MëâD 43.2 5.65 37.6 4.9 4.25 1.1

•

•
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Table 3• Subia;t Qvgw;tc;rjstica of the Laie 1cerner Gmgp

Orirnnûirâïim I,riol
Age of Years

Subjcct Sex Age ASL of Dominant Hearing Sign Fmgcr Oral Bigbest Level of

~
ASL Band Aid Spel1ing ~~..LI F 26 13 R N 4 3 2 oc. rauu.ng

1.2 M 31 12 19 R N 5 3 1 HighSchool

L3 F 24 12 12 R N 4.S 3 3 BA in progrcss

lA F 28 13 15 R N 4 4 3 BA

1.5 M 79 8 71 R N 5 5 2 HighSchool

L6 F 26 13 13 R N 5 4 2 High School

L7 M 84 8 74 R N 4 S 2.S Voc. Training

L8 M 46 8 38 R N 4 4 5 BA

L9 F 44 8 36 R N 4 4 2 HighSchool

LlO F 42 8 34 R N 3.5 5 3 HighSchool

Mean 43 10.3 32.9 4.3 4.0 2.6

•

•



• Table 4

Syntae;dG StrIlGtuR IJIlCS U"" fgr Opmm,tjca1 Judlc;nmt Te"r 1

s.tmce Sub Strudure Grammatical Eumples
Structure Type
TyP!

1. Simple No FOUR BOYS FROM DEAF SCHOOL OIAT

&,
2. Negative L NOTSign CAR OLD WATER WIPER Nor WORK

b. Negalivc Facial liaa
Marker JAIL SOME PEOPLE TIDN BAT

3. Direc1iœal No MAN BALL BLUE 3-THROW...1
Vab

4. Wb a. Wh Facial Wb .
Marker MEDICAL SCIENCE MAGAZINE PfE-2 REAn?

b. WHYand Wb .
WHOSip POSS-2 UNCLE J"()"B QUIT WHY7

• S. Relative L TopicaJjprion Re .
Cause Facial Marker RECEN11..Y DOG CHASE CAT COME HOME

b. 1HATand Re •
ITSELF Sign MANi 3-CALJ...3 FRIENDj THATi CRY

6. Classifier No ROPE MONIŒY a..:/lIi CL:/Vc/i [SWING]

• 1 To sce die cumples,p~.. die CD .aac:hM 10 Ibis Ibesis (Mac vasioo oaIy)•
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S)'Dtae;tiç Strgcturc1jrpa11w' lm UOl7'mm,rira' JudlC"'C'U TeH 1
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SeDteace Sub Structure Un....mmallcal EDlllpies
Structure Type
Tl)!!

1. Simple No FOUR BOYS J-ROM CHAT DEAF SœOOL

SiL
2.Negative L NOTSign NarCAROLDWATER WIPER WORK

b. NcgaJive Facial NU .
Marker JAIL SOME PEOPLE THIN EAT

3. Din:ctional No 3-THROW-l MAN BALL BLUE
Verb

4. Wh L Wh Facial Wb
Marker MEDICAL SCIENCE MAGAZINE PŒ-2 REAn?

b. WHYand M1.-&
WHO Sip POSS-2 WHY UNCLE J-o-8 Qum

• s. Rc1aIivc L TopicaUzadœ Re
Clause Facial Marker COME HOME RECENTLY DOG CHASE CAT

b. 1HATand Re .
rrSELFSign MANi 3-CALL-3 THAn FRlENDj CRY

6. Cassifier No ~:/1/iMONIŒY RaPE CL:JVc/i [SWING]

• 1 To Iee die eump1es. please use die CD 8nacW ID Ibis dais (Mac vasioo oaly).
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1>2
1>3
2>1
2>3
3>1
3>2
3>3

Nnmbêï' of
Grammarical
Sentences
2
2
4
o
2
2
2

Numbëï' of
Ungra"JllwicaJ
Sentences
2
2
4
o
2
2
2



• Table 7

Qgn'madc;aJ JodlememEam by Qmgp. Syntaetjç CetCIOO' and LcpliLY CAcmss
Sgbjoetsl
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•

•

simplcd
SimpicU
NegG
NegU
VerbG
VerbU
WhO
WhU
ReG
RCU
CLG
CLU

1.1 0.876
3.4 2.066
2.6 1.578
1.9 1.370
2.0 1.333
3.1 1.~9

2.0 1.155
6.0 2.211
4.4 2.951
4.2 3.293
1.1 1.1~

4.7 2.111

2.0 1.414
6.S 3.375
3.8 2.098
4.1 3.247
2.9 1.8S3
6.4 3.406
3.3 2.946
7.0 2.309
4.5 2.915
4.9 2.685
2.7 1.947
S.4 2.989

2.4 1.776
8.7 3.466
4.8 2.530
5.5 1.650
2.9 1.729
7.9 2.601
4.0 1.886
9.0 2.S39
S.3 2.~
7.0 3.670
3.0 1.886
7.7 2.003
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simpleG
SimpieU
NegG
NegU
VcrbG
VerbU
WhO
WhU
ReG
Reu
CLG
CLU

5038.6 760.3
5256.2 916.5
5839.6 1492.2
5138.0 977.8
4871.0 955.7
5074.9 954.6
4423.7 967.5
5109.9 1567.9
5617.9 1351.8
4763.8 674.6
5605.8 1541.1
5907.6 783.5

4553.1
5623.8
5103.9
5116.5
4138.4
4565.2
3989.9
5294.7
4729.4
4302.9
4802.5
5741.2

372.3
1152.5
777.2
1171.2
606.5
913.8
427.7
1560.5
496.8
641.7
SC17.2
692.4
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Table 9• A' and Bc;spmscDR Nqma1jptioQ (tf,)

S1ïïïii E Y.ib Wh &C CL
~ ~ ~ S ~ ~ ~ ~ ~ ~ ~ ~

~ 0.91 -0.03 0.90 -0.23 0.&9 -G.OS 0.81 0.02 0.75 -o.oa 0.87 0.10
Scbgol
AmI 0.79 0.03 0.80 -0.14 0.74 0.02 0.69 0.11 0.73 -G.18 0.78 0.06
Lilla 0.66 0.17 0.70 -0.02 0.66 0.08 0.57 0.23 0.S3 -0.12 0.68 0.16

•

•
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•
Gnmmatlal:

Stimuli

1 MAN TAIL MAD

2 BOY Pf-3i GIRL P1'-3j FlGHI' WHY

3 BOY BALLON BLOW

4 POSS-l SISTBR Nar DRINK COFFEB

UDIJ'IID-tIaI:

Stimuli

5 MAD TAIL MAN

6 BOY Pr-3i WHYFlOHTGIRLPf..3j

7 BALLON BLOW BOY

8 POS8-1 Nar SISTBR DRINK COFFEB

•
APPENDIXA

ASL PractIceTm Stimuli

Verb

(18)

FlOUT

BLOW

DRINK

Verb

(IS)

FlGUT

BLOW

DRINK

Verb Morphems Sentence
PJopn:tie Type
Plain 3 Simple

Inflected 6 Wh

Plain 3 Simple

Plain S NCI.

Verb Morphems Sentence
Propretic Type

Plain 3 Simple

Inflecœd 6 Wh

Plain 3 Simple

Plain S NCI.

•

~



•
Simple Sen_CCI GralDlDldcali

•
APPENDIX B.l

ASL Gnmmatial Judltment Task Stimuli

•

siiîDûti vëïbs vet6l'ypcs~

2 WINTBR SHOW COLD WATBR LAIŒ FRREZE FRREZE Plain 6

3 FOUR BOYS FROM DEAF SœOOL CHAT CHAT Plain 6
4 Pr-t RBMEMBER LONG-TIMB-AOO GIRL urn...E BLUE DRBSS CUTB REMBMBBR Plain 8
S PŒ-l wonFINISH BEER COLD DRINK DRINK Plain 6

6 sœOOL FINISH GIRL YOUNG PLAY WI1H OOLL PlAY Plain 1
7 BVERY YBAR MOST PBOPLB œ BBRATE X-MAS ŒJJmRA1E Plain 6
8 DURING WAR MANY WOMBN WORK FACI'ORŒS WORK Plain 7

9 SOMB COll.EGB snmBNTS RUN EVERY-NIGHr RUN Plain 6
la MOSTBABIESHUNGRYTIRBD,CRY AlLDAY ŒY Plain 7
II BBFORBPr...1POOR8roDBNTPr-1 WALK WALK Plain 6
12 COOICIE CHOCOLATE. SOMETIME MY KIDS HmE BIDE Plain 6
13 WINTER ALL BBAR SLBEP UNTIL SPRING SLEBP Plain 6
14 OID LADY TAIL UVB HOMB ALONE WI1H CAT UVE Plain 8

1



• •
APPENDIX B.l (continued)

•
SlmDle Sentenca Vnmmmatlat

stimûli vërbs vëïbTYPëï gc;pr

16 WINTBRFRRRZRSNOWCOIDWATERLAKB FRJœZE Plain 6

17 FOURBOYSFROMœATDEAFSœOOL CHAT Plain 6

18 Pr-l LONG-TlMB-AOO GIRL LlTIU! BLUE RBMBMBER DRBSS CUTS RBMBMBER Plain 8

19 PI'B-l DRINK WORK FINISH BEER COLD DRINK Plain 6

20 sœOOL FINISH GIRL PLAYYOUNG wrmDOIL PlAY Plain 7

21 EVERY YEAR cm HBRATE MOST P20PLEX-MAS ŒJEBRATE Plain 6
22 DURING WORK WAR MANY WOMBN FAcrORŒS WORK Plain 7

23 SOMB COlJ..BGB RUN S11JDBNTS BVERY-NIGHT RUN Plain 6
24 CRYMOSTBABYHUNGRYTlREDAU.DAY OtY Plain 7

25 BBFORBWALKPI'-1 POORSnJDBNTPr-l WALK Plain 6
26 COOICIE HIDB CHOCOLATE SOMBTIMB MY KIDS BIDB Plain 6

27 WINTBR ALL BBAR UN1U, SLEEP SPRING SLEEP Plain 6

28 OIDUVELADYTAILHOMEALONEWITHCAT lJVB Plain 8

~
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SïiiDü1i==-=-----Ms ~
~

Rêl ft

29 CAROLDWATBRWlPERNOTWORK WORK Plain 7 NOT
NOl ft

30 A1LJEWlSHPEOPLEX-MASNOTŒI.RBRATB œBBRATE Plain 7 NOT
Nel ft

31 POSS-3W1FENEWSWEATERNOTWEAR WEAR Plain 7 NOT

Grammatjcali&ail" SenteIUJl

NOl ft

32 POSS-! HOUSE ADDRESS POSS-l BRO'IHER NOT RBMEMBER Plain 8 NOT
RBMEMBER

Nel ft

33 TODAYYOUNG GRADUA1ES snmBNTS NOT SlUDY S11.JDY Plain 7 NOT
Nel ft

34 BOY SWEET CANDY DIFFBRENTS NOTlJKE lJKE Plain 7 NOT
Nel .

35 xrraŒN BLUE PLATE PLEASB Nor BREAK BREAK Plain 7 NOT
.Ma.

36 POSS-l SON BEFORE BABY CRY a,y Plain 6 Neg.Marker-.
37 JAIL SOMB PEOPLE 1HIN BAT PAT Plain 6 Neg. Marker

Nel .
38 POSS-! SISTER LAW ALCHOOL BEER DRINK DRINK Plain 7 Neg. Marker

Ne, .
39 WOMAN FAT FROM WORK EXERCICB EXERCICE Plain 6 Neg.Marker

lBL
40 POSS-3 UNCLB FROM WEST COOK COOK Plain 6 Nel·Marker-.
41 KlNDERGARDEN CHlLDREN AGB 45REAn REAn Plain 7 Neg. Marker-42 POSS-l GRANO-MOTIIER BIIŒ NEW USB USE Plain 6 Nes. Marker --.1

~
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~

Hel. Marker

Nel.Marker

Nel. Marker· _..

Nel·Marker

Nel.Marker

Nel.Marker

Nel·Marker

NOT

NOT

NOT

NOT

NOT

. NOT

6

6

6

7

6

7

6

7

7

7

8

7

7

Plain

Plain

Plain

Plain

Plain

Plain

Plain

Plain

Plain

Plain

Plain

Plain

REAn

USE

COOK

DRINK

EXERaCB

BREAK

CRY

LIIŒ

S'nJDy

BAT

REMBMBER Plain

WEAR

lERBRA1B

StiïDüli=--------Verbs ~~....-.-

43 ~CAROLDWATERWlPERWORK WORK Plain 7 NOT
1iq

44 AlLJBWISH NOfPEOPLE X-MAS ŒJ·RBRATB
licI

45 POSS-3 WIFB Nor NEW SWEATER WEAR
1iq

46 POSS·1 BOUSE NOT ADDRESS POSS·l BR011ŒR
RBMEMBER
Hu

47 NOT TODAYYOUNG GRADUATES S1UDBNTS SroDY

48 BOY SWEET1>\CANDY DIFFBRENTS LIIŒ
Hu

49 KI'I'œBN BWE NorPLATE PLBASE BREAK
Nel .

50 POSS·l SON BBFORB BABY CRY
Nel .

SI JAILSOMEPEOPLB11DNBAT
Nel .

52 POSS·1 SISTER LAW ALCHOOL BEER DIUNK
HGI •

53 WOMAN FAT FROM WORK BXBRClCE
Ne. ft

54 'OSS-3 UN<1E FROM WEST COOK
liel •

SS ICINDBROARDEN QlILDREN AGE 4 S REAn
NCI •

S6 POSS-l GRAND-M011ŒR BIKE NEW USE

lin mmatical:&alI!e Scntcncan
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APPBNDIX B.3

•

SiiîiîûIi vêïbi vêïti ROiji'b ADëIiêi
s •

-1 ~ g Dt

58 POSS-I BBSTFRlEND2-INSULT-1 INSULT 1nfIccdn. 2>1 6 NotAnch.
59 Pl'E-I COMPUTERSALBMAN l-eONVINCE-2 CONVINC Inflecdng 1>2 7 NotAnch.

B
fiO TEAaœRi STUDBNTj BOOK lHICK 3i-BORROW-3j BORROW InfIccdng 3>3 7 NotAncb.
61 POSS-l DOCTOR 2-ADVlSB-l DIET ADVISB InfIccdnl 2>1 6 NotAnch.
62 OID PEOPLBj OOVERNBMENTi 3i-HELP-2j(+++) IŒLP Int1ecdng 3>2 8 NotAncb.
63 MANBALLBLUB3-11IROW-l THROW InfIccdnl 3>1 6 NotAnch.
64 MA1H CASS LARGE 1EACHER 2-IGNORE-l IGNORE InfIccdng 2>1 6 BodyAnch.
65 BOYi SMAlLMOMj 3j-TEl.L-3i 1HANK-YOU TBlL InfIccdnl 3>3 7 BodyAnch.
66 YPSIERDAY SœOOL SPANISH TEST l-ANSWER- ANSWER InfIccdng 1>2 7 Body Anch.

2(+++)

67 POSS-l FRIEND 3-INFORM-l PARTY TONIGHr INFORM InfIecdnl 3>1 8 BodyAnch.
68 POSS-I NBIGHBORDOG 2-BITB-I BrrB InfIecdnl 2>1 6 BodyAnch.
69 PACKAGEHEAVYPl'E-II-SBND-3UNCLB SEND InfIccdng 1>3 7 BodyAncb.
70 COWi FARMER-PBRSONj HAY 3j-FEED-2i FEBD Inf1ectinl 3>2 7 BodyAnch.

~
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DlDdiwI Yerb Sentcn4JI UnmmmatiqJ:

SïiDiûli vêibS vëïti Agœement ~ Anê....
s OrcIer

iI>3 7 ROi
72 POSS-l 2-INSULT-l BEST FRlBND INSULT InfIcctinl 2>1 6 NOlAncb.
73 PŒ-l COMPUTER l-CONVINeB-2 SALE MAN CONVINC InfIccting 1>2 7 NotAnch.

E

74 3i-BORROW-3j TEACHBRi STUDENTj BOOK nDCK BORROW InfIecting 3>3 7 NOIAnch.
7S POSS-12-ADVISE-loocroRDIBT ADVISE Inflectinl 2>1 6 NotADcb.
76 3i-HELP-2j(+++) OID PEOPLEj GOVERNEMENn HELP InfIecting 3>2 8 NotAncb.
77 3-11IROW-IMANBALLBLUE 1HROW InfIecting 3>1 6 NotAnch.
78 MAni a.ASS 2-IGNORE-l LARGE TBACHBR IGNORE 1nfIectin. 2>1 6 BodyAnch.
79 BOYi SMAlL 3j-TELL-3i MOMj 11JANK-Y~U mL InfIecting 3>3 7 BodyADcb.
80 l-ANSWBR-2(+++) YBSTERDAY sœOOL SPANISH ANSWBR InfIccting 1>2 7 BodyAnch.

TEST
81 POSS-l 3.INFORM-l FRIBND PARTY TONIGHT INFORM Int1ceting 3>1 8 BodyAnch.
82 POSS-l NElGHBOR 2-BlTE-l DOG BnE InfIecting 2>1 6 BodyAnch.
83 PACKAGE 1-SBND-3HEAVYPrB-l UNCLB SBND InfIecting 1>3 7 BodyAnch.
84 COWi 3j-FEED-2i FARMER-PERSONj HAy FBED InfIccting 3>2 7 BodyAncb.

~
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WHYSip

WHO Sign

WHYSign

WHYSign

WHYSign

Wh Marker

Wh Marker

Wh Marker

Wh Marker

Wh Marker

Wh Marker

7

6

6

8

6

6

6

7

8

Yes

Ya

No

No

No

Plain

InfIec1inl Vas

Inflec1inl Yes

Plain Yes

Plain

Plain

InfIecdng No

WIN

QUIT

(GOING)

ORDER

F10HT

REAn

FJŒRClSE Plain

SâiDûIi=--------vëïbS vëîb--
Types ~n ~OIJI WIiTYPC.

YlL:
8S YESTERDAy POSS-l MOTHBR RUY GLASS COLOR BUY InfIec1ing Yes 7 Wh Marker

Wb .
86 SOUIHAFRICASNAKESP1E-3(an:sweep)EATGRASS? BAT Plain

!lb '
87 FORMER TEACHER FROM UNIVERSITY mACH SPANlSH? TEAOI

Wb '
88 SœOOL STRIKB NEXT WEEK PRINCIPAL INFORM FINISH? INFORM Inflec1inl No 8

Wh ·
89 NEW anCIŒN BURGER PI'B-2 TRY FINISH Pl'B-2? 1RY Plain No 8

Wb '
90 MAN TAILMUSaJLAREXERCSS BVERYDAY?

Wh '
91 MEDICAL SClBNCB MAGAZINE PTB..2 RBAD?

Wb .
92 nus MORNINO BOY LDTLB ij F10HTij WHY?

lVh .
93 SOUDER 10GB-RANK ORDBR WAR WHY?

Wh .
94 POSS-2 UNCLE J'()'B QUIT WHY?

Wb .
95 MANY BUSINESS BANKRUPr(+++) WHY?

. Wh '
96 HOCKEY CANADA RUSSIA MATCH WHO WIN?

Wb .
97 TOMORROW POSS-2 HOMB PARTY INVITB(+++) WHO? INVITB Inflec1inl Yas 8 WHO Sign

EL....
98 POSS-l CLASS DBAF MAN MARaY WHO? MARaY Inflec1ing Yes 7 WHO SiL

mScmem GraJIIIIIItkaI&

1 Open Wh lâen 10eyebrows lIiIed, Notopen Wh (c:1oIed) Riers 10eyebIows fœowed. ùt
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stiiDûli----------Vëïtis Vëïti ~ 'f-Types WhIR h orp Wh""l'ypes

m Sentenm I]JJenmmatkat

WHOSip

WHYSip

WHYSip

WHYSip

WHYSip

WbMarkcr

Wh Marker

WhMarkcr

Wh Marker

Wh Marker

Wh Marker

7

8

6

6

6

6

6

8

8

Ya

No

Ys

Ya

No

No

No

Inflecting Yea

Plain

Intlectinl Yes

Plain

Plain

Plain

Plain

Plain

WIN

ORDER

FlGHT

QUIT

(GOING)

REAn

BXERCISE Plain

PAT

1RY

!lb ft

99 YESTBRDAY POSS-l MonmR BUY GLASS COLOR BUY Intlectinl Yes 7 Wh Marker
Wb ft

100 SOUTH AFRICA SNAIŒS PIE-3(arc swecp) BAT GRASS?
Wh .

101 FORMER TBACHER FROM UNlVBRSITY TEACH SPANlSH? 1EAœ Inflectinl No 7
Wb ft

102 SCHOOL STRIIŒ NEXT WEEK PRINCIPAL INFORM FINISH? INFORM Inflectinl No 8
Wb ft

103 NEW OUCIŒN BURGER PI'E-2 TaY FINISH PI'E-2?
Wh ft

104 MAN TAlL MUSQJLAR EXERa8E EVERYDAY?
El ft

105 MEDICAL SCŒNCE MAGAZINE PI'B-2 REAn?
~

106 nus MORNING BOY WHY LlTl1..B ij F1GHfij?
~

107 SOUDER WHY mOH-RANK ORDBR WAR?
Wb .

108 POSS-2 WHY UNC1B J-o-B Qum
Wh·

109 MANY WHY BUSINESS BANKRUPI'(+++)?
Wh·

110 HOCKEY CANADA WHO RUSSIA MATCH WIN?
ML

111 TOMORROW POSS-2 WHO HOME PARTY INVITB(+++}? lNVrIE InfIectinI Ya 8 WHO Sîgn
~

112 POSS-! CLASS DEAF WHO MAN MARlY? MAIRY InfIectinI Yes. 7 WHO Sie

1 Open Whœfen 10eyebIowsniaed. Not open Wb (cIoeed) men 10 eyebIows furrowed. ~
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sdïïîû1i Veî'6S1 veibs 1 Vërb1a~
Types

RCMarbr

RCMarbr

RCMarbr

RCMarbr

RCMarbr

RCMarbr

THATSign

nlATSip

D'SELFSign

1HATSip

11IATSip

7

8

8

8

9

8

8

8

8

8P/p

FAlL

CRY

REAn

DRINK I/P

JIP

JIP

III

JIP

srr

(lS)

ESCAPE

COUNT

CAIL

PlAY

BARIe

PUSH

DISPUTB (lS)

STARE IGNORE 1/1

I/P

P/p

P/P

FEED

THROW PUNISH

TALK

::le .
113 RECEN1LYDOOCHASECATCOMEHOME CHASB COME JIP 7 RCMarbr

Re .
114 YOUNOWOMANPAYCASHIERHURRY PAY HURRY JIP 6

Re .
115 BOYTALKwmlMANSlTlNCAR

Re .
116 MarHERi 3i-FBED-3j BABYj DRINK MILK

Je .
117· ROCK BOY 3i-1lIROW-3j OlRLj PUNl8H

Re .
118 DOO 3-BARIe-3 CAT COLOR BLACK

Re .
119 GIRL 3-PUSH-3 POSS-3 BR01HBR ESCAPE

RC..a
120 TEACHBRj 3-3 DISPlTrB-3 GIRUmATj sTRIer

RC...a
121 CAn 3-STARE-3 MOUSBj 1HATI IGNORE BIRD

Re.
122 MANi 3-CAUr3FRIENDj mAn CRY

ac.
123 SUPERVISORi COUNT CHlLDRENS rrSELFi READ BOOK

RC.....
124 MANiGlRLjPLAYBAlL1HATIFAIL

~
125 WIFEi 3-ADVISE-3 HUSBANDj mATi TBAœ ENGUSH ADVISE TEACH 1/1 9 mAT Sign

RC.....
126 MONKEYi3-TBASE.3BOYj1HATILAUGH TBASE LAUGH JIP 8 nJATSian

~
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APPENDIX B.5 (continued)

stimûli Vë&1 vëî6i 2 ~ypes
Types

RCMarker

RCMarker

RCMarker

RCMarker

RCMarker

1HATSip

1HATSip

11IATSign

rrSELFSip

'I1IATSign

:E ft

127 COMBHOMBRECEN1LYOOGCHASECAT CHASE COME I/P 7 RCMarker
Re .

128 HURRYYOUNOWOMANPAYCASHIER PAY HURRY I/P 6 RCMarker
Re ft

129 SITINCARBOYTALKwrrHMAN TALK SIT P/p 8
Re .

130 DRlNlCMlLlCM01HERi3i-FEED-3jBABYj FEED DRINK JIP 8
Re .

131 PUNlSH ROCK BOY 3i-1HROW-3j OIRLj THROW PUNISH JJP 8
Re •

132 COLORBLACKOOG3-BARIe-3CAT BARIe (IS) JIP 8
Re •

133 ESCAPE OIRL 3-PUSH-3 POSS-3 BRonœR PUSH ESCAPE III 8
RC.....

134 TBACHBRj 3-3 DISPUTB-31HATj GIRU STRIer DISPUTE (lS) I/P 8
RC.....

135 CATI 3-STARB-31HATi MOUSEj IONORE BIRD STARI! IGNORE III 9
Re .

136 MANi 3-CAUr31HATI FRŒNDj CRY CAIL QtY JIP 8
,Re •

137 SUPBRVlSORi COUNT ITSELFi CHILDRENS REAn BOOK COUNT REAn P/P 7
RC.....

138 MANiOlRLjPLAY1HAnBAU..FALL PlAY FAIL P/P 8
RC.....

139 WJFBi3-ADVISE-31HATiHUSBANDjTEAalENOUSH ADVISE TBAaI III 9 1HATSip
Re.....

140 MONIŒYi3-TBASB-31HATiBOYjLAUGH TBASE LAVGU I/P 8 11IATSiEL.

0;1
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CIIilIer SegtelCCl Gnmmatkal:

stimûü vërl)S Orouna l'iame ~
,otion'
~

142 CAR YELLOWCL:/3/iBLUECL:(3/j [pARAILBLPARK] PARK c.u.1 C~I 9

143 ROPS MONIŒY CL:/l/i ~:/Vc/i [SWING] SWING ROPEJ MONIŒyl 6

144 HAY CL:I5c/i COW C1:/Vc/j [WALKING AROUND] WALK HAY! COwl 7
145 MOUNTAIN CL:/B+BIi [PAnI] CL:N/i (QJMB THE HIlL] aJMB MT.! QJMBER1 7

146 S'I'EEL POLEQ.:I1Ii BICY<1B ~:/3I- /3c/i [IDTJ IUT POLEs BIIŒ1 8
147 SMAlLBOATQ..:JBIiWATER<1:/S-5/ji(WAVESPLASHBOATj SPLASH BOAT2 WAVB3 9

148 COMPUTER CL:/1+1/ [SCREEN] NUMBER CL:/4+4/ [RUN RUN SCRBEN3 DATA' 7
DATA]

149 oFFlœ UGHr <1:/F+F/i DOORBBLL CL:/O-5/i [FLASIUNG) FLASH uoHr uoHr 9
ISO QIAIR C1:/Vr/i RED BAIL ~:/CIij (BOUNCBD ON OIAIR) BOUNCE CHAlR2 BAIJ..2 9

151 KAIN CAR ~:/C+CI [BIO] CL:/l+l' [WIPB WlNDSIDELD] W1PE CARI WlPER3 7
152 BIO WHITE HOUSB ~:JSc/i CL:!l' [pASS BY] PASS ROUSS2 HUMAN1 8
153 GARBAGB ~:/C+CI [CAN] MOUSE CL:NcJ (Q.JMB lNSIDE] aJMB GARBAGE1 MOUSSI 7
154 LITILB GIRL C1:/1/i PICIURE a.,~S/j [FLASH P1CIURE] PICI1JRE GIRL1 FLASH' 8

1CLASS: Animale VehicIe•
2 CLASS: lDmimaIe. Object
'SASS

~
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CIIIilIcr Sentences Ugram_tial;,

siiïDû1i veîbï diôund Figure g;pn
:otion'
.ss 5 TImE2 CAF

156 CAR BLUE <1:/3I,j [PARALLELPARK] YF.LLOW ~:/3/i PARK CARtI C~I 9

157 a..:/lIi MONIŒY ROPS CL:NrJi [SWING) SWING ROPS' MONIŒY' 6
158 CL:/Vc/j [WALKlNO AROUND] HAY CL:/Sc/i COW WALK HAY! COWI 7
159 CL:JV1t [QJMBnmHILL] CL:/B+B/i [PA1H] MOUNTAIN CLIMB MT.' CLIMBBR' 7
160 BICYa..E (1:/31. dia [IUT] STEFL POLE Q.,:/lft IUT POLE' BIIŒI 8

161 SMALLBOAT<1:/S-S1]i[WAVESPLASHBOATjWATERCL:/BIi SPLASH BOA'r WAVE' 9

162 NUMBBR <1:/1+1/ [SCREEN] COMPUTER (1:/4+4/ [RUN RUN SCREBN' DATA' 7
DATA]

163 CL:JO-5/i [FLASIUNG] oFFlœ UGHT CL:JF+FIi OOORBBLL FLASH LIOJrr3 uoHT' 9

164 CL:Ncfa RED CL:/CIij [BOUNŒD ON CHAIR] BAIL CHAIR BOUNCB CHAlR2 BAU! 9

165 CL:/1+1/ [WIPE WlNDSHIElD] RAIN CL:/C-+C/ [BIG] CAR WIPB CARI WIPER' 7
166 CL:/SC/i BIO WHlTB CL:/l/ [PASS DY] HOllSB PASS HOUSE2 HUMANI 8

167 CL:/Vc/ (QJMB JNSIDB] GARBAGB MOUSB CL:/C+C/ [CAN] QJMB GARBAGB:t MOUSSI 7
168 L1TI'LB CL:/l/i GIRL CL:/O-S/j [FLASH PICI'URE] PICTURB PIClURB GIRLl FLASH' 8

1CLASS: Alûmate, Vebicle
1 CLASS: JJwû"llh\ Object
'SASS

!
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AppendixC

~McGill
SubJeet Background Questionnaire

Subjcet Code:- _

Date ofBirth (YearJMontb/Dale) _

Age _

Scx (circle one): M F

"Wbat band do you write with? AU the timcT'

Handedness (ciJclcone): R L

Age offirst contact wim sign language _

''Wbat was the contact?" _

UIIgtIt DIrip ltutguage eZJMM,,"

. (Cum::nt age minus age offirst contaet:, -I)

Communication in education:

"Wbat type of school did you auend?"

Oral TIC sign hearing (write one in cach eategory)

Preschool _

Elementary K to 6 _

Middle Schoo17 ta 819 _

High School 8/9 to 11/12 _

81
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•

mpest level oI8CbooliDa:

Hi'"scbool_

Vocational 1raÎIIÎD'_
CoDege (yean) _

Communication BacklJ'OUDd:

"How do you communieate with:"

Oral silll gesture writing (write Olle in each caregory)

Puents _

Hearing pcoplc:-- _

Case friends. _

People al work _

1'»0 you use a hearing aid? None One Two (cm:le one)

"How well do you undentand"

(0 to S; 0 means Dot et aIl; S means excellent)

Write one DUmber in each space below

Sign languagcl.- _

FingCiSpe11ing _

Speech (anly speech) _

Reading _

82



• "Would ,OU be willinl ID be coataded 'or future reSTCreJa proJects?"

YES NO (cildc one)

"How do you prefet' ID bc contaeted?"

PboœIITY Fax FmaU 1.etta' (CiJcIe onc)

Phonc........ _

Fax~ _

Fm,iJ

Mailing addœss:

---------_._._.._.._..._.._------------_.._-_._-_...~-----.-

83

•

•

Researcll Group: Native Barly LaIe (CÏlClcone)
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AppendixD

9 McGill
INFORMEO CONSENT

TIde ofResearch PIoject:

"Critical pcriod effects on first and second language acquisition"

Name ofParticipant: _

Sponsor: Natural Sciences and Engineering Research Council ofCanada

•

•

PRINCIPAL INVESTIGATOR: Dr. Rachel Mayberry
Mt. Patrick Boudreauh

Name ofInsâtution: McGil1 University
(514) 398-8393 TIY or voiœ

You aœ bcing asked ID volunto:z in a œsearch project about sign language skills. Before
you decide, wc will expJain the purpose of the study and wbal you aœ expected ID do. You
can wateh dûs information in sign language on videotape ü you want.

youa PARTICIPATION IS VOLUNTARY

This fonn gives you information about Ihe study. Alter you œad it and want to whm1eel'.
you need to sign your name on the 1ast page. A copy of this information will be gival fi)

you.

Plcase remember:

• Participating is completdy voluntary
• You cao decide to stop al any âme. You will still be paid for your lime.

PURPOSE OF THE STUDY

The pmposc of tbis project is to study language ski11s in deaf and hearing adults who use
sign language ID commnoicare. People leam sign language in different ways. We wouJd
liIœ to understand bow düferences in leaming affect language comprehension. To
understand dUs. VIe need to test different aspects of language compl'ebensioD. This
information will help us ID design better methods for teaehing languages to chiJdren and
adults.
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PROCEDURES

The stUdy will invohe one. one ad • balf-bour session. For die task you will see
sign language SCDtences on die computer lCftCIL You will decide if the sentences aœ
COIIect orDot. You will be given a Jal break.

RISKS

Theœ are no known risks to you.

BENEFlTS

1beœ will be DO specifie benefilS tG you penonally, but Ibere will be benefit ID the future
education ofdeafcbiJdrcn and adulas in the aœa of1anJU8P teaehing.

COSTSTOYOU

There are DO COS1S 10 ,ou. You will be œimbursed for your lime.

CONFIDENTIALlTY

AU results of Ibis study will !Je kept strictIy confidentiaL YOIi' will be idcndfied by a code,
50 your name will Dot appearœ any of the reports. You will DOt be personally ideotified in
any future pubHcadons 01' presentations about dûs study.

PROBLEMS OR QUESTIONS

Ifyou bave any questiœs about tbis study, please feel free to contact us at any âme.

Rachel Maybcrry, Ph.D. (514) 3984141 (v)
Patrick Boudreault
Lab (514) 398-8123 (v/ttd)
Fax (514) 398-8123

VOLUNTEER STATEMENT AND SIGNATURE

1understand the purpose and proceduœs of this study and Agree to volUDœer. 1 unda'stand
tbat 1can witbdraw from the study at any lime and will still be œimbursed for my tUne and
ttavel COSIS.

•

Name (please print)

Invesûgator's JI8IDe

Signature

Invesdgatex's signaowe


