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Abairact

Sign language provides us with a clearly linguistic manual
aclivily, signing itsell, with which to examine the relationship
betwesn hand prelerence and language. Results from a study of
handedness in ons child acquiring a sign language provides
suggestive svidence lor this relationship (Vaid el al.1984}. In the
presanl study, the manual activilies of two signing children and two
non-signing chiidren were analysed. The children wess filmed
monthly from 8 to 18 monihs of age. Unimanual aclivities were
coded and categorized into the following six types; eigns, sign
babbling. points, emply-handed gestures, actions with objects and
moloric activilies. A strong right hand preference for signe was
founct for both signing children. The degree of handadness for signs
was substantially greater than that shown for all other manual
activilies. This resull provides supporiing evidencs lor the early
lateralizalion of language.

Backoround

Children show clear evidence of a hand prelerence from 3 years ol
age although the degree of hand preference continues to increase
until approximately age 7 years (McManus et al, 1988). There is
substantlal evidence that children younger than 3 years also show a
hand preference (Archer, Campbeli, Cunningham, 8 Segalowitz, 1987;
Caplan & Kinsbourne, 1976; Fogel & Hannan, 1985; Palris & Peters,
1880; Ramsay, 1979; Young, Lock, & Service, 1985).

The fink between handedness and language stems from the
observation that most right-handed adulls are left-lateralized for
fanguage. The molor contral of the right hand is presumed 1o come
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primarily from ihe left motor cortex {a simplification, but likely
true for unimanual distal actions such as hand movements -- Lemon
& Porter, 1976}.

This connexion bstween language and handedness in the
development of children was of interest historically {see Harris,
1982); however il was Lenneberg who rekindled inlerest by
spaculating on the relationship belween language and handedness in
light ol present day concerns. Lenneberg (1967) claimed that the left
hemisphere became more lateralized for languags as the child
malured. initially, the hesmispheres were equipotential with regard
to their ability to subssrve language. As language acquisition
proceaded language bscame more and more lateralized to the lefi.

Recent research challenges Lenneberg's hypolhesis and proposes
instead lhal |atsralization is invariant throughoul development.
Although the child may display a greaber plasticity in recovery from
brain lesions, this s not to be confused with an equipotentiality of
the hemispheres for a particular functlons (for reviews sse Curliss,
1985; Kinsbourne & Hiscock, 1983). Experimental svidence
supporling the hypothesis of early or invanant laterabizalion has
coma from a number of diflerent directions. A few of these studies
are expiored below.

The relationship between vocalizations and handedness has bsen
examined by Ramsay (1983, 1984). In both longitudinal and cross-
sectional sludies be found unimenual handedness preferences to
emerge in conjunction with babhling. He propossd that these results
relleci the increasing lateralization of the left hemlsphers.

Bates, O'Connell, Vaid, Siedge, & Oakes {1986} sludied the
relalionship betwsen handedness and symbolic manual activities
{culturally appropriate actions with objects, such as stirring a
spoon in a cup), non-symbolic manual activilies (such as banging a
spoon or reaching for an object), and pointing. In a cross-sectional
study of 13, 20, and 27 month okis, they found that a righl hand



Marentetts, Girouard, & Petilto

preference wae evidenl lor bolh unimanual and bimanval tasks. In
addiion symbolic manual aclivities showed a greater right hand
preference than nen-symbolic manual activities. This was not a
robust linding however. as the same analysis was non-signilicant
when conducted with a reduced subject group (n=17 instead of n=24).

Bates el al. {1986) also predicied thal because symbolic geslures
are more "symbolic™ or “language-like” than pointing they would
show a greater rght hand prefersnce. The dala presented by Bates
do not support this prediction. An alternative explanation of this
finding is not offered. Instead, they conclude that both poinling and
symbolic manual activitles are more right handed than non-symbolic
manual aclivities becauss they are “compatible with linguistic
processing”.

Finally, a study by Vaid, Moriarty & Bellugi (1984) was the first
fo truly examins tha relationship belwsen handedness and language
per 6. In this study two deaf children acquiring a sign language
(American Sign Language) from thelr deaf parenis were followed bo
delermine If they showed a consistent hand preference for signing.
- One child came from a lef-handed family yel was right-handed
hersell. Ths data from her acquisition of signs is somewhal
confused with respecl to handedness but did show an overafl
laterality index of 0.21 for signs, indicating a right-hand bias (ses
Raesulis for an explanation of the laterality index). This was a
greater degree of right hand use than was found for her non-
lingulstic manual activities (L] = -0.03, indicating approximalely
50% right hand use).

More inleresting is the handednsss of the child rom a right-
handed lamlly who was righl-handed hersell. Her laterality index
for signs is 0.98, indicating a strong, almost exclusive use of the
right hand to produce signs. Tha lalerallty index for this child's
non-linguisic manua! activilies is 0.44. This clearly indicates a
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righl hand blas; nevertheless, il is much weaker in degrae than that
exhibited for linguistic manual activity. This study imphes thal a
clear refationship betwean handedness and language does exisl when
measured in a Wuly linguistic task. A cross-sectional study ol
signing children 3 lo 8 years of age conflem thess resulis {Bellugi,
Klima, Lillo-tartin, O'Grady & Vald, 1988).

Prediclions

Results from Vaid et al. {1984) provide evidence for the
relationship between language and handednsss. Sign language
pravides us with a clearly linguistic manua! activily, signing itsell,
with which 1o examine hand preference. Previous siudles have
examined the relationship betwesn language and handedness in more
indirect ways, for example, comelating handedness for object
manipulalion with onset of babbling (Ramsay, 1983}

The strong right hand preference for signs indicated in Vald's
study iz the patiern of one child’s sign acquisition. In the present
study, data from two signing children of deaf parenis will be
analysed lo determine if a similar pattern occurs across children. |If
this pattern is robusl, then it provides evidence for lateralization of
language ai the firsl word stage in nommally developing children.

1l would be Interesting 1o find a way of testing fateralization at
an even younger age than one ysar. Ressarch conducted In our lah
Ipads us fo conclude that children of signing parents produce a
manual babbling we call sign babbling beginning in the psriod
immadiately preceding their first signs (Marentelts, 1989;
Marentetie & Petitto, 1988; Paslitto, 1987; 1988: Pelilto &
Marentalte, 1989}. Sign babbling Is the production of meaningless
manual activities that are consirained by the syllabic mnd phonetic
propesties of signed langvages. If babbling is conbnuous with
fanguage acquisition then we should see a right hand preference
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smerge even sarlier than firsl signs. This result would imply a very
osarly laleralization of linguistic functions in the left hemisphere.

Finally, the differences in hand pretersnce for signing and for
molaric actlivities implies that the more right-handed an aclivity is,
the more likely il is 1apping some left laleralized resousce,
presumably fanguage. This provides us with uppsr and lower limits
on a continuum of "language-like" manual activities. The existence
of this continuum allows us to compare different manual activilies
such as peinting and the symbolic activilies discussed by Bates el al
{1986).

To summarsize, the present study was designed kb address the
foflowing queslions:

1. Is there avidence for a streng right hand preference for sign
production from the beginning of a chikl's fanguage aoquisilion?

2. Is there evidence of a right hand prelerence for a pre-linguistic
activity such as sipn babbling?

3. Where do pointing and "symbolic® aclivities fit on the handsdness
conticuum? What does this tell us about the “language-like™
nature of these aclivities?

Subjecls
Four children of right-handed families were filmed belwsen the

ages of 8 and 18 months. All of the children were gisls. All of the
children had normal hearing. Twa chiidren cams from familles
where a sign language was the primasy language in the home as their
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parents were deal. One chikl, Sarah, was acquiring ASL (American
Sign Language}. the sscond child, Iréne, was acquiring LSQ {Langus
des Signes Québécoiss). The olther two children came from families
with hearing parents. One child, Michéle, was acquiring French, and
the secaond child, Donna, was acquiring English.

Procedure

The children were filmed either in the lab or at Iheir home. Each
filming session fasted approximately 45 minutes lo ans hour. An
offort was made to uss the sams toys al the same ages for all of the
children. Toys wste chosen at each session to reflect the children's
developing abilities and to elicil gestural and linguiskic produclions.
After approximalely 5 minutes of warm-up time, the experimentar,
parent and child played with the chosen toys for approximately 30 to
40 minutes. Following this perlod and atiempt was made o engage (8
parent in conversation in order o film the child playing by herseif,

Loding

All unimanual achliviies were coded for a 20 minute period
following the first 5 minules ol the taps.

A ynimanug| eclivily was defined as ths use of one hand to
perform a specific manual activily. Aclivitiss where both bands
wore used to manipulate a single object were nol coded in this
study. Instances whare both hands were performing activilies with
dilferent objects were coded as simultansous instances of
upimanual activilies.

There was one excoption to this rule. Al instances of pointing
were coded regardiess of the type of aclivily {(unimanual or
bimanual} i0 which they occurred.

Each manual aclivity was coded for the form of the activity, the
hand performing the activily, the object involved, presence or
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absence of an object in the other hand. eye gaze, and prestnos or
absence of vocallzalions. Inter-rater reliability ranged from 87.5 1o
100%.

After the mansal activilies were codsd they were cla: silied into
the follcwing six categories:

1} Polpla - communicative indexical manual activities

2} Slgna - lexical items af a sign lang Jage, either ASL ¢r LSQ

3) Sig1 babhiing - hand movemants redlacting ths phanological
and syllabic leatures ol signed languages. Sign babbliag has no
conentional meaning, or referent.

4) Mp.orlc - nonindexical manual aclivities drawn from the
chibl’s natural activities, including rop, reach, take, touch,
mo e, glive, show, and push (push buok away)

5) Actions with gblecta - these are nonindsxical ma wal
activities whir particular objects, including bang, pul, push
{e.g.. push car), comb, shake, turn page, open, draw, swesp, pull,
pict up phone, dial and throw

6) Emaiy-handsd gestures - thess gestures are inst umental

' maiual aclivties. used to effect some changs in the

environment. These gestures includad raiss mnms, wa'e, open-

clote, and Map am

Basults

A lalerslity index (LI} was calculaled for each of the :ix types of
manual activity at each age for each child. This score is calculated
by sublracting the number of lefi-handad activities from the number
of right handed activities and then dividing by the total r umber of
activitie: (R-L/R+L). This produces a number ranging fron -1.00 {a
exlusive left hand preference) ta +1.00 (a exclusive righ hand
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preterence) with a score ol 0.00 indicating no hand piefs ence or
equal use of right and left hands.

Maloric. A weak right hand preference was displayed by ait of the
childrer by 10 months of age. This hand preference was remarkably
slable wilhin and across children. The averaga lateralily indices
across all ages for sach child were as follows: Donna = 0.38, Iréne =
0.21, Michdle = 0.34, and Sarah = 0.32. This is based on a1 average of
673 lolens of motoric activity per child (range = 410 to i354 tokens).

Actions_with objacls. Hand preference for actions with -bjects was
much riore variable wilhin and across children. Donna swiwed a
strong ‘ight hand preference. L) = 0.75, based on 90 tokens.

Howeviw, al thres sessions there were lass than 10 tokens produced.
This praduces a skong bias lor the overall LI which may Ire
unwamiinled given the number of tokens. |l these Ihres sessions are
exciuded from the average the LI becomss 0.49 (78 tokeni:), more in
line wilh the other children's dota. Irdne showsd a weal right hand
prefere ce Jor actions with objects, LI = 0.17, based on 220 tokens.
This is comparable 1o the hand prefsrence sha displayed for moloric
actlivities. Michdle demonsirated a right hand preference, Li = 0.48,
based on 163 tokens. Sarah varied a great deal from api 10 age with
an ove all L) = -0.03, based on 171 tokens. This includes pne data
point with less than 10 tokens. M this is removed her L! becomes
0.13 (163 lokens).

Emply-handed. Few items were produced in this cafegoy. The tolal
nurmbe: ol tokens was 56 for aM childran., For this reang.n laterality
indices are nol provided. It Is unlikely thal any reasonahils conclu-

sions rigarding handedness could be made Jrom this amm nt of gata.
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Puints. Siming right band prelerences were displayed far painting by
all four ¢l the children. The average lalerality index for each child
was as kilovs: Donna = 0.54, idne = 0.58, Michdle = 1.00, and Sarah
= 11.58. Clearly Michdle's exclusive righl hand uss deserves some
coinment. Her Ll is based on a vory few data points {n ~ 33) and anly
ot sesson has more than 10 points in it. The averags number of
tokens For Ite other children was 13§ {range 98 to 191). An
additiona ccmment is that lrdne demonsirates & weak left hand
preforence for pointing at 11 and 15 months. This is not mirrored in
an't othe  manual category at any other age. Finally, it is noteworthy
thel {exc udivg Michals) the overall dagree of right hand use for
ponting s very similar across the children.

Sifins. Only two children produced signs. lrdne, who was growing up
in an LSQ family, was not a proltic signer. Her first signs were at
11 montts and there is a tolal of 23 signs In here entire corpus. “The
lmtsrality indces for réne's signs are presenied in Figure 1.. The
avyage .l equals 0.53. During the one session in which sha produces
mcre that 1) tokens (ape 16 months) she uses her right hand
ex Jdusivaly. Later sassions with this child have been tilmed and,
altrough thay are not yet analysed, there is a clear rend. Irdno uses
har right ha:wd almost exclusively 1o produce all her signs. Her
muther Fas else volunteersd this information a number of times.
Sarah, mixquiring ASL, provides a much cloarer picture of sign
acjuislticn @s she Is a great communicator. Her first signs were
priducec al 12 months. In the lour sessions in which she signs, she
praducac 1110 instances of 35 different signs. Thes laterality indices
for Samat/'s signs are presentsd in Figure 2. Her average LI squals
0.113, denoustrating a sirong, consistent right hand prelerence.

Siin Bablilg. The hand prefsrence for sign babbling was quile
dillerent for each child. Iréne showed a variable right hand
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proférence, dsplayed in Figwe 3. The average laterality index was
0.43, howeve: this was based on a lotal of 39 tokens. Although a
night hand trend is apparsnt, there are insulficient data to rely on
this resull. % guite different paltern occurred lor Sarah's sign
babbling, this can be found in Figure 4. Sarah hand preference
swings from eft to right quite fresly, and as a result thera is no
consistani hand preferance. Her averags Ll is 0.15 based on 60
tokans of sig1 babbling. '

Comparison sl manual activilins. Given the demonsirated hand

preferences 1or moloric aclivities and signs, il i3 now possible o
situale actiors with object (or symbolic activities in the Pales
lerminology) on a conlinuum ot "language-like™ manual aclivilias.
Figure 5 pressnis the right band use of non-signing children (Donna
and Michdls) for manual activities The data have been average:
across the tva children inlo three age calegories. A clear
dislinction cav be observed between the three types of manual
activity. Poliling shows the strongest ripht hand preference,
followed by ictions with objects. Motoric activiies provide a
consisteni beseling of 80%-75% right hand use.

The right and use of sipning children (lrdne and Sarah) is
presenied in Figure 8. A consistenl 80%-85% righl hand preference
for motaric ectivities is demonstrated. However the signing
children shovw a different pattern of hand use for actions with
objects, usin) right and left hands approximately equally often.
Pointing shows a sirong right hand prelerence, simllar fo the
findings for non-signing children. The 14-18 month enbry for points
is {ower than expectsd dus to one data point for Irdne at 15 months
where she echibits a weak lefl hand preference for points. This
lowers the arerage for the 14-18 months eniry. Finally, signing
shows the s'rongest right hand preference of any manual activity.
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Conclusions.

1. Evidenca for a strong right hand preference for sign production
which increasss through fo 18 0 18 maonths of age was
demonstrated by both signing children.

2. No consistent hand prefsrence was demonsirated for sign
babbling among the signing children. One child showed a varying
right hand prefersnce., the other vacikated bstween Isfl and right
hand use.

3. Pointing was found 1o demonstrate a sirong, consistent nght hand
bias. The dsgres of right handedness was lsss than thal for signs
and greater than the right hand bias for any other manual achivity,
including actions with objects. Actions wilh oblects ditfered in
degres of handsdness for signing and non-signing children. The
signing child-en showed a very weak right hand preference, lass than
the hand prefsrence displayed for motoric activities. The non-
_signing children displayed m stronger right hand prefesence for
aclions wilh objects than for motoric aclivities. The degree of hand
preference for moloric acliviies was consistemt acrose signing and
non-signing children.

Disgussion

The results of this study, in conjunction with the work of Vaid et
al. {1984}, provide direct support for a connexian between language
and handsdness. Signing children from right-handed lamilies show a
skrong right hand preference for sipn production from the earliest
siages of language acquisition. Thes sludy of sign language
acquisition provides mn ideal methad for tesling the conmexion
batween langyuage and handedness in normally funclioning children.
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This rasearch contributes to the growing evidsice tor early cerebral
speacilication for languags.

The inconsistent hand preference demonsiraied for sign babbling
vas 0ot a predicted result. We are currently in the process ol
collecting additional sign babbling data. The nasults of the fulure
analyses will be discusssd In greater detail in a forthcoming paper.

Ths daia do provide evidsnce for a handedness continuum of
rianual activiies. Our data replicate the findings o Bates et al.
{1988) demonslrating a greater right hand prelerence for pointing
than for actions with objects. Ths implicatlion is that aclions with
objects ars not symbolic, or even refsrential, a3 they occur lower on
the contlnuum than pointing. This finding will also be discussed in
greater detail in the above mentioned forthcoming paper.

In conclusion, this study presents sirang support for the early
fateralization of language in the isit hamisphere.
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Figurs 3. iréne - Laterality Index for Sign Babbling
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Figure 5. Right hand use fer non-signing chitdren
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Figue 6. Right hand use for signing chiidren
moes-‘ [j\
A
\\\
‘\
mT ‘\\
\“\\
amsJ ‘E A
cl \‘\\ —&— molksic
e —@— actors
s g --C}- ponm
/ iy s
mﬁ
foft hend Uz
m . B L ]
6-10 10 14 14-18

Age In months



