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The aim of this study is to provide further characterization of a subgroup of so-
called ** Grammatical specific language-impaired (SLI)’" children. The Grammatical
SLI children have apersistent and disproportionateimpairment in grammatical com-
prehension and expression of language. Previous research has indicated that their
language impairment may be characterized by a domain-specific and modular lan-
guage deficit. This study provides an initia investigation as to whether there is a
genetic basis underlying their disorder as has been found for other forms of SLI
and for SLI in general. The incidence of familial aggregation of language impair-
ment was investigated in 12 Grammatical SLI children (aged 9:3 to 12:10). A
familial language impairment (L) history was classified as positive if one or more
of the probands’ relatives had a history of a speech/language or reading/writing
problem which required speech therapy or any other form of remedial help. Case
history information provided an initial indication that the Grammatical SLI children
had a significantly higher incidence of a positive familia LI history than could be
expected by chance. A questionnaire provided evidence of a positive LI history in
the first-degree relatives of the SLI probands and 49 normally developing control
probands. The SLI probands had a clearly and significantly higher incidence of a
positivefamilia LI history than the control probands (77.8 vs. 28.5%, respectively).
The results are consistent with a genetic basis underlying Grammatical SLI. The
pattern of impairment in the SLI probands’ relativesis consistent with an autosomal
dominant genetic inheritance. In contrast to the control probands, the SLI probands’
impaired relatives did not show a male gender bias. Thus, the gene does not appear
to be sex-linked. The dataindicate that further research is warranted to investigate
the nature of the LI in therelatives of the Grammatical SL| probandsand the genetic
characteristics of this subgroup. The implications for the biological, domain-spe-
cific, and modular bases to language are discussed. [ 1996 Academic Press, Inc.
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INTRODUCTION

In recent years there has been increasing interest in investigating children
with a specific language impairment (SLI). SLI children are characterized
by severe problemsin the development of language comprehension and ex-
pression but do not have an impairment in nonlinguistic cognitive or motor
development, hearing, or emotional—socia behaviour which could account
for their language impairments (Benton, 1964). It is now well recognized
that SLI in children is a heterogeneous disorder. This study investigates a
subgroup of 12 so-caled **Grammatical SLI'" children. The subgroup is
characterized by a persistent and disproportionate impairment in the gram-
matical comprehension and expression of language. The findingsfrom previ-
ousinvestigations of the linguistic characteristics of this group are consistent
with the view that they have an underlying domain-specific and modular
language deficit (van der Lely, 1996, 1994b; van der Lely & Stollwerck,
1994). This study provides an initial investigation as to whether a genetic
basis could underliethis, arguably, modular language deficit. Thisisexplored
by investigating whether the Grammatical SLI children have a familial ag-
gregation of language impairment. The combination of the nature of the lin-
guistic disorder and the underlying deficit in these children may provide
insight into the related issues of language modularity (Fodor, 1983), lan-
guage acquisition (Chomsky, 1986), and the biological basis to language
(Chomsky, 1981, 1986; Pinker, 1994; Pinker & Bloom, 1990).

Foecific Language Impairment in Children

SLI children often show markedly different linguistic characteristics from
one another. However, many SLI children are characterized by varying de-
grees of morphological and grammatical impairments in the comprehension
and/or expression of language (Bishop, 1994; Leonard, 1989; Leonard,
McGregor, & Allen, 1992; van der Lely, 1993, 1994a; van der Lely & Harris,
1990). Within this group potentially important differences exist. For exam-
ple, SLI child may present with or without severe articulatory or phonol ogi-
cal impairment, or without an impairment in the comprehension of language.
More significantly, many of the children who present with this general pat-
tern of language impairment at 4 years of age are indistinguishable from
normally developing children in later years. For example, Bishop and Ed-
mundson (1987), in a longitudinal study, found that more than one-third of
their group of children with SLI at 4 years of age (i.e., 32 out of 87 children)
improved so as to be indistinguishable from control children on language
measuresat 5: 6 years. However, for afew childrenin this group the language
disorder persists into adulthood.

It is as yet unclear to what extent the underlying nature and cause of SLI
in children with different characteristicsis related. Is there one cause of SLI
in children, or are we looking at distinct disorders? Is the underlying cause
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of apersisting SLI different from one that resolves with time? If we are to
attempt to answer these questionsit is important that subgroups of SLI chil-
dren are identified and investigated separately because group means may
obscure potentially important findings and may be unrepresentative of any
type of SLI in children.

Relatively homogeneous subgroups of SLI children have been identified.
For example, Bishop and Adams (1989) identified a subgroup of semantic—
pragmatic SLI children; Gopnik (1990) and Gopnik and Crago (1991) have
focused on a SLI family (i.e., a family of 30 members of whom half are
language impaired) and van der Lely (1993, 1994a,b) and van der Lely and
Stollwerck (1994) have investigated a subgroup of Grammatical SLI chil-
dren. It is this latter group which is the focus of this paper.

We have identified a small subgroup of SLI children with apersisting SLI
who are characterized by a similar linguistic profile. We have termed this
group Grammatical SLI to distinguish them from other subgroups. We do
not claim that this subgroup is, necessarily, an autonomous subgroup from
al other SLI children (although this may prove to be the case), but we pro-
pose that the Grammatical SLI children are homogeneous within this sub-
group.

Grammatical SLI children have been found to be particularly impaired in
areas of inflectional morphology. For example, they frequently omit tense
marking and subject—verb agreement. They are also impaired in assigning
theta roles in reversible sentences and in assigning pronomina reference
when syntactic structural knowledge is required. However, they are not im-
paired in using pronominal reference appropriately when this is determined
by pragmatic knowledge (van der Lely, 1993, 1994b, 1996; van der Lely &
Stollwerck, 1994). These data are consistent with the view that Grammeatical
SLI children have a domain specific and modular language deficit. A sum-
mary of the linguistic details of the subgroup can be found in van der Lely
(1994b).

The Underlying Etiology of 9.1

The findings from recent research are consistent with a genetic basis to
SLI. Some of the strongest evidence for this has been the pedigree analysis
of the SLI family studied by Hurst, Baraitser, Auger, Graham, and Norell
(1990) and Gopnik (1990). Hurst et a. (1990) found that half of the SLI
family were language impaired. Data consistent with a genetic basis for SLI
have also been found for undifferentiated groups of SLI children (Bishop &
Edmundson, 1986; Haynes & Naidoo, 1991; Lewis, Cox, & Byard, 1993;
Neils & Aram, 1986; Tallal, Ross, & Curtiss, 1989a,b; Tallal, Townsend,
Curtiss, & Wulfeck, 1991; Tomblin, 1989). Further evidence has been pro-
vided by twin studies. Significant differencesin concordance of L1 in mono-
zygotic and dizygotic twins have been found by Lewis and Thompson (1992)
and in Bishop, North, and Donlan’s (1995) large study of 90 twins.
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While these studies cannot rule out the possibility of some environmental
factors common to family members (Rutter, Bolton, Harrington, Couteur,
MacDonald, & Siminoff, 1990), this seems unlikely, as both affected and
unaffected children are found in the same family (Bishop et a., 1994).

Many investigations of SLI have found a significant difference between
male: female ratios, with greater numbers of males affected (Bishop et a.,
1994; Haynes & Naidoo, 1991; Tomblin, 1989). However, this sex-ratio bias
was not found for the SLI family (Hurst et al., 1990). This indicates that a
different genetic deficit could underlie different forms of SLI in children.

Not al studies of SLI children are consistent with a genetic basis to their
disorder. Whitehurst, Arnold, Smith, Fischel, Lonigan, and Vadez-Men-
chaca (1991) identified a subgroup of young, preschool SLI children who
were delayed in their expressive language but not in their comprehension of
language. The study investigated whether there was a familial history of
speech, language, and school problems in the immediate family of the chil-
dren. Whitehurst et a. did not find a strong familial component of language
delay in their subgroup of expressive SLI children. Thus, Whitehurst et al.’s
findings argue against a genetic cause for al forms of SLI children.

It is a contentious issue as to whether a genetic deficit could underlie a
domain-specific and modular language deficit as is arguably found in Gram-
matical SLI children (cf. Bates, 1993; Bates, Dale, & Thal, 1995; Johnston,
1991; Leonard et a., 1992). However, the studies which have argued against
a genetic deficit causing a modular language impairment have been based
on global concepts of SLI and global measures of language, such as ‘‘com-
prehension vs. production’” (Bates et al., 1995). Language comprehension,
by its very nature, may involve both specifically modular language pro-
cessing (e.g., syntactic parsing) and nonmodular central system processes
(e.g., pragmatic inferential processing) (Sperber & Wilson, 1986).

Previous research has established that central cognitive deficits may be
caused by genetic abnormalities (Money, 1973; Nielsen, Sorenson, & Soren-
son, 1981; Stewart, 1982). However, it isless clear whether a genetic abnor-
mality may cause a modular language deficit without other impairments in
children. Bates (1993) has argued that in cases in which a genetically based
disorder has been implicated underlying a language disorder, such as the
family of SLI children and adults studied by Hurst et a. (1990) and Gopnik
(1990), and in undifferentiated groups of SLI children (Tallal, Ross, & Cur-
tiss, 1989a,b), the subjects also suffer from impairments in aspects of cogni-
tion and/or perception that are not specific to language (Varghar-Khadem &
Passingham, 1990; Tallal, Stark, & Méllits, 1985).

It is evident that if we are to investigate whether a genetic abnormality
may underlie a modular language deficit it is necessary to: (i) distinguish
between measures of language which primarily tap modular language pro-
cesses from central system processes when identifying the language-im-
paired group; (ii) investigate children whose language may be characterized
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by amodular language deficit; (iii) investigate children who do not have any
other known abnormalitiesin nonlinguistic cognitive functioning. This study
aims to meet these demands by studying acarefully selected group of Gram-
matical SLI children. The paper provides the first step in investigating the
possibility of agenetic basisfor Grammatical SL1. The incidence and pattern
of familial aggregation of language impairment in this population are com-
pared with the incidence of LI in the population at large and with a large
group of age-matched control subjects.

The questions addressed in this study were: (i) do grammatical SLI chil-
dren have a familial aggregation of language impairment? (ii) If so, what is
the pattern of the impairment in the four family members (mother, father,
brother, sister), e.g., is it consistent with a recessive or dominant genetic
inheritance, and is there evidence of a sex-linked inheritance?

METHOD
Subjects

The SLI childrenfor thisstudy were selected from approximately 150 SLI children attending
one of four residential schools specializing in the education of SLI children in England. The
SLI children in the school may come from any geographical part of England, and they come
from a variety of socio-economic backgrounds.

The SLI children had been diagnosed by speech and language therapists and educational
psychologists as having severe and persistent difficulties with language development as mea-
sured by standardized tests of language abilities. That is, their scores fell at least —1.5 SD
below that expected for their chronological age on some language tests.

Their nonverbal cognitive abilities as measured by performance subtests of standardized 1Q
tests (e.g., WISC-R; Wechdler, 1974) fell within normal limits for their chronological age. In
other words, their performance 1Q was 85 or above. Only children who meet these criteria
attend the residential school for SLI children. Further general details of the children attending
the school may be found in Haynes (1992) and Haynes and Naidoo (1991).

From the 150 SLI children who attended the school, 61 of the children’s chronological ages
fell between 9:0 and 13: 0 years. There were 47 boys and 14 girls in this age group. Further
criteria were used to exclude children who did not fall into the grammatical SLI subgroup.

Children were excluded if they showed any signs of social or emotional abnormalities or
“autistic like'” symptoms (e.g., ritualistic behaviors), or had been diagnosed as having seman-
tic—pragmatic disorder (Adams & Bishop, 1989; Bishop & Adams, 1989). Children were aso
excluded if they had articulatory dyspraxia or severe phonological disorder, omitted final con-
sonants (regardless of the grammatical context), or were partialy unintelligible (i.e., those
children classified by Haynes (1992) as having speech or speech plus SLI). Thus, this group
differs from some groups of SLI subjects (e.g., Hurst et al., 1990) in that they do not have a
severe articulatory-speech impairment.

The children were then assessed on a battery of standardized and nonstandardized language
tests which tapped a range of comprehension abilities and expressive language abilities. The
choice of the tests was determined by their reliability in identifying SLI children and their
frequent use in research, rather than by any adherence to theoretical notions on which the
tests were based. The tests provided astandardized measure of language abilitiesin relation to
the children’ schronological ages. Therewere six standardized language tests used for selection
purposes: The British Picture Vocabulary Scale (BPVS) (Dunn, Dunn, Whetton, & Pintilie,
1982), atest of comprehension of single word vocabulary; the Test for Reception Of Grammar
(TROG) (Bishop, 1983), a multichoice test of understanding a range of grammatical structures
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in sentences, the Naming V ocabulary subtest from the British Ability Scales(NV-BAS) (Elliott,
Murray, & Pearson, 1978), which tests the ability to name pictured objects; the Grammatical
Closure subtest from the Illinois Test of Psycholinguistic Abilities (GC-ITPA) (Kirk, McCar-
thy, & Kirk, 1968), which tests production of morphology; and the Action Picture Test (APT)
(Renfrew, 1988) and the Bus Story (revised version; Renfrew, 1991), which provide measures
of grammatical structure and semantic content of expressivelanguage. Although the scoring on
these latter two tests may be criticized on atheoretical basis (e.g., their definitions of linguistic
criteria) they do seem toidentify the subgroup of SLI children that weare interested in (see also
Bishop & Edmundson, 1987, for thetests' prognostic value). The expressiveresponses fromthe
APT and Bus story were audio-recorded on a Sony DAT recorder using an Electret condenser
microphone (ECM-959), positioned approximately 20 cm to the side of the child’ smouth. De-
tailed transcriptionswere made from these recordings. The recordings provided afurther means
of checking the children’s articulatory ability and intelligibility. Three of the children did not
meet the articulation ability criterion and were eliminated from the group.

A grammatical and morphological versus lexical—semantic distinction was made broadly
and was taken to reflect modular versus central system abilities. Children were only included
in the study if they generally showed a greater impairment in comprehension and expression
of grammatical and morphological abilities than their lexical —semantic (vocabulary) abilities
and ‘‘information content’’ as measured on the six tests. The absolute scores (i.e., standard
deviations (SD) or, if SD were not available for the test, equivalent age scores) were judged
to be of lesser importance than the pattern of the scores across the tests. Thisis because when
testing using standardized tests of language, SL| children may show only amild or insignificant
impairment in their overall scores as the tests often tap a range of structures, some of which
cause difficulties for the children and some of which do not. Although this causes problems
for the modular—central processing distinction, such a distinction can still be made broadly
inrelation to thetests. The test scores may a so be influenced by language remediation therapy
which may have provided the child with a nonlinguistic strategy to achieve acorrect response.
Therefore, the following details must be taken as a guide only, and all test scores should be
judged in relation to the child’s previous history of performance on the test in question.

The SLI children included in the subgroup generally scored at least —1.5 SD (though some
scored up to —2.5 SD) below that expected for their chronological age on the test of grammati-
cal comprehension and up to —5.5 SD on the test of expressive morphology. The children
generaly had an equivalent age score at least 3 years below their chronological age on tasks
tapping grammatical ability, but many age equivalent scores fell well below this minimum
criterion. For example one SLI child, MP, who had a chronological age of 12:10, had an
equivalent age score for ‘‘subordinate clauses’ on the Bus Story of 4:2 years. Full details
of the test scores for each SLI child in this group can be found in Appendix A.

Two further nonstandardized criteria were used which have proved to be good indicators
of children with Grammatical SLI. The first was that the children were to show inflectional
morphologica errors of subject—verb agreement and tense marking. To be included in the
group the children had to omit the third person singular number agreement on the verb (e.g.,
He go__to work) and/or make tense errors in the story-telling task (e.g., He__jumping) at
least 15% of the time (see van der Lely, 1996, for further details).

Second, the children were to have an impairment in the comprehension of semantically
reversible sentences. A picture pointing test comprising 48 reversible sentences designed to
test active, full passive, and short progressive passive sentences (e.g., The fish is being eaten),
and short ambiguous (potentially adjectival) sentences (e.g., Thefishis eaten) wasadministered
(see van der Lely, 1993, for further details). Children were only included in the subgroup if
they made some *‘reversal errors’ on the full passive sentences (i.e., assigned the subject and
object to the agent and theme thematic roles, respectively). Previous research has shown that
reversal errors in assigning thematic roles to syntactic structures in full passive sentences are
areliable and consistent finding with Grammatical SLI children (van der Lely & Dewart,
1986; van der Lely & Harris, 1990; van der Lely, 1994a). Normally developing children of
7:5 to 8:9 performed near ceiling on thistest of active and passive sentences and had a mean
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TABLE 1
Subject Details: Chronological Ages and Raw Scores from the Four Standardized Tests for
the Grammatical SLI Children and Three Groups of Younger Control Children Developing
Language Normally

Subjects
SLI children LA1 controls LA2 controls LA3 controls Summary of
(N = 12) (N = 12) (N =12) (N=12) analysis between
[Mean (SD)] [Mean (SD)] [Mean (SD)] [Mean (SD)] groups

Chronological age: 11:2 (1:1) 5:9(0:4) 6:11 (0:4) 7:11(0:5)
Range:  9:3-12:10 5:5-6:4 6:5-7:4 7:5-8:9

TROG 13.08 (1.78) 1258 (2.35) 16.00 (1.75) 17.33(123) LAl = SLI* < (LA2 = LA3)
GC-ITPA 20.00 (356) 21.25(3.16) 26.25 (4.08) 2891 (219) LA1L = SLI* < (LA2 = LA3)
BPVS 78.83 (8.93) 56.25(8.91) 71.67 (9.71) 80.00 (9.62) LAL <* SLI = (LA2 <* LA3)
NV-BAS 17.91 (1.17) 1567 (161) 17.17 (127) 17.50 (0.90) LA1 <* SLI = (LA2 = LA3)

Note. TROG, Test of Reception of Grammar; GC-1TPA, Grammatical Closure subtest, I1li-
nois Test of Psycholinguistic Abilities; BPVS, British Picture Vocabulary Scale; NV-BAS,
Naming Vocabulary, British Ability Scales.

* Significant at p < .050.

correct score of 95% (van der Lely, 1993). Appendix A shows the percentage of total correct
responses and full passive sentence responses for each SLI child. It can be seen that there is
some variability in the severity of impairment shown on the various tests by individual SLI
children. Until the significance of this variability is known it may be prudent to consider
individual subject data alongside the group data in further investigations.

From the origina group of 61 SLI children, 12 children (19.6%) met the selection criteria
for inclusion in the subgroup of Grammatical SLI children. There were 10 boys and 2 girls.
Thus, unlike the SLI family reported by Hurst et al. (1990) and Gopnik (1990), who showed
equa numbers of impaired males and females, this subgroup has a preponderance of males.
On the surface, the gender bias of the sample of SLI children in this study concurs with data
from undifferentiated groups of SLI children (e.g., Tallal et a., 1989a,b). However, the gender
bias may be taken to reflect the biasin the sample from which the Grammatical SLI children
were selected: there were 47 boys and 14 girls.

It is evident from the small number of children who met the criteria of Grammatical SLI
that the prevalence of this very specific persisting language impairment is low. The findings
from this study indicate that in the relatively few children in whom SLI persists, only a few
(less than 20%) may be classified as having Grammatical SLI.

The subgroup of children in this study had a mean chronologica age of 11:3 (range 9:3—
12:10). Table 1 provides a summary of the overall subgroup’s subject details compared with
three groups of younger normally developing children on four of the standardized language
tests.

FAMILIAL HISTORY OF LANGUAGE IMPAIRMENT

To investigate whether therewas evidence of afamilial aggregation of lan-
guage impairment in the selected subgroup of 12 Grammatical SLI children,
familial history of language impairment was determined intwo ways: (1) data
were collected frominterviewswiththe SL1 children’ sparents, and (2) aques-
tionnaire was sent to the parents of the SLI children and alarge group of age-
matched control children who were devel oping language normally.
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Interview Data

The interview data aimed to assess whether the incidence of agenera or
nonspecified L1 in the relatives of the Grammatical SLI probandswas greater
than could be expected. In order to do this, two estimates were made. One
was related to the prevalence of language impairment (L1) in the genera
population: For this study, L1 was estimated to be found in 4% of the popula-
tion. This was felt to be a conservative estimate as previous research has
reported a prevalence of L1 in 3% of first-degree relatives of children devel-
oping normally (Neils & Aram, 1986; Tomblin, 1989). However, other stud-
ies have reported that SLI occurs in approximately 1 in 1000 children (Ste-
venson and Richman, 1976). This lower prevalence of SLI may reflect
differences in the definition of SLI.

The second estimate considered the average size of the extended family
for each proband for which information about their language development
and abilities may be known. An estimate of 12 family members was made.
This was erring on the side of caution as the average number of children
per family in the United Kingdom is less than 2.5, and for at least some
family membersit could be expected that language development and history
would not be known. Thus, the probability of finding 1 personin 12 people
with a language impairment (LI) is p = .387. Therefore, if the prevalence
of L1 in this sample was random, we would expect that there would be 4.644
probandswith apositivefamilial history of LI. In other words, the probability
of nobody reporting a positive familial LI history isp = 1 — (.96%).

Procedure. For each child a formal interview was routinely carried out
with the mother or both parents on admittance to the school for SLI children.
Details of any speech, language, reading, or writing difficulties and whether
or not remediation had been received for any family members of the proband
was recorded in the case history notes. Datafor the extended family of each
proband were available. For the purposes of this study, first-degree relatives
(mother, father, siblings) and second-degree relatives (uncles, aunts, and
cousins) were included. Grandparents were not included as these data were
only available for some of the SLI probands.

A positive family history of language impairment was defined as a re-
ported speech, language, reading, or writing problem which required reme-
dial help. Reading and writing problems were included in the definition as
recent evidence has shown that impairments in reading and writing may be
indicative of an underlying language disorder (Hulme and Snowling, 1992).
Relativeswith general developmental delay or acquired impai rment in cogni-
tive or motor abilities were not included.

Results. For the 12 Grammatical SLI children, 9 children had a positive
familia history of language impairment. There were a total of 13 relatives
of the probands with a history of language impairment. Seven of these were
first-degree relatives and 6 were second-degree relatives.
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Based on the estimates of general LI in the population and the size of the
extended family given above, the data from first and second degree relatives
were further analyzed. A X2 test revealed that the incidence of a positive
familial history was significantly more than could be expected by chance (x?
= 6.665, p < .01).

However, caution should be made in the interpretation of these data. Al-
though, in the context of this study and previous studies, the estimates of
the family sizeand the incidence of L1 in the population are reasonable, they
do not haveto vary very much for adifferent picture to emerge. For example,
if the incidence of a positive LI history was 11% in the population one may
expect to find 9 out of 12 probands with a positive LI history by chance?
These factors emphasize the difficulties of using data of this nature and indi-
cate that clinical impressions of a high incidence of familia LI history can
be misleading.

A more reliable method of obtaining preliminary evidence of positive fa-
milial history of LI is to use a questionnaire. This has the advantage that
control data can be obtained from the relatives of children developing nor-
mally and compared with the grammatical SLI probands. Therefore, asurvey
using a questionnaire was carried out.

Questionnaire

The comparison between general LI in the relatives of the SLI and age-
matched probands aimed to provide more detailed information about the pat-
tern of L1 impairment aswell astheincidence of general L1 in the two groups.
In an attempt to assure reliability of the data obtained from the questionnaire,
only information about first-degree relatives was sought.

Procedure. A guestionnaire with a cover letter and a stamped envelope
for the reply was sent to the parents of each of the 12 Grammatical SLI
children. The questionnaire was also sent to the parents of 150 normally
developing children (control probands) to obtain comparable data of the gen-
era prevaence of a positive familial history of LI in the UK population.

The control children were selected from two schools; onein central Lon-
don and one in arural town. All the children from these two schools whose
chronological ages fell within the age range of the SLI children (i.e., 9:3 to
12:10 years) were included in the group.

A sample questionnaire which had been filled in was enclosed to try to
avoid any ambiguity of what was required. The parents were required to
write down the child’s name and to list al first-degree relatives (parents and
siblings) and answer four questionsfor the child and each listed family mem-

! However, note that the data from the questionnaire to be reported below revealed an 8.62%
incidence of SLI in the population sample. Therefore, based on these data, 9 out of 12 SLI
probands with a positive familial LI history is still significantly different from chance.
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ber on a prepared form. The questions were: (1) Has she/he had any speech
or language problems? (2) Has she/he ever received any speech or language
therapy? (3) Has she/he had any reading or writing problems? (4) Has she/
he ever had any other help for a speech, language, reading, or writing prob-
lem? The parent had to circle *‘yes/no/don’t know’’ answers as appropriate.
An additional column for *‘ Any other comments?’ was provided.

To increase the return of the questionnaires a reminder letter was sent
home with the probands 10 days after the original questionnaire had been
sent and the probands' teachers verbally reminded the children that their
parents should return the questionnaire.

Results. For the SLI probands, 9 of the 12 questionnaires (75%) were
returned. For the three SLI children whose questionnaires were not returned
the above case history information had reveal ed that one had a positive famil-
ial history of LI and two a negative familia history of LI. The data for the
SLI probands included two half-sisters and three half-brothers of one of the
probands (i.e., the father’ s children by another marriage). One of these half-
brothers had a positive history of reading and writing problems. There were
atotal of 31 family members for which data were available, i.e., the yes or
no answers had been appropriately circled. This gave an average number of
approximately 3.5-first degree relatives for each proband.

For the control probands, 72 of the 150 questionnaires (48%) were re-
turned. Twenty-three of these questionnaires could not be used. This was
largely because of some reference to speech/language or reading/writing
problems or omission of this information for the control proband. The prob-
lems noted for the proband, however, were often minor, e.g., ‘*had speech
therapy for alisp.”” Datafor the remaining 49 gquestionnaires were analyzed.

A familial history of LI was considered to be positive if it was reported
that a particular family member had a history of a speech or language prob-
lem and speech therapy, a reading or writing problem and remedial reading
or writing help, or a history of speech, language, reading, and writing prob-
lems for which they had received remedia help. A summary of the results
of the questionnaire for the SLI probands and the control probands can be
found in Tables 2 and 3, respectively.

Tables 2 and 3 indicate that on virtually every measure (e.g., total propor-
tion of positive familial LI history, overall proportion of positive speech/
language history or reading/writing history), the SLI probands’ first-degree
relatives show a substantially higher incidence of a positive LI history. The
following analyses confirmed these observed differences between the Gram-
matical SLI probands and control probands.

Twelveof the 31 relatives of the Grammatical SLI probands had apositive
family history (38.7%). For the control probands, 15 of the 174 relatives
(8.62%) had a positive L1 history. Thus, there was proportionally almost 4.5
times as many relatives in the SLI proband families who had a positive LI
history than in the families of the control probands.
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TABLE 2
Results of the Questionnaire: Familial History of Language Impairment for First Degree
Relatives of the Grammatical SLI Children

Tota Positive history

reported
Relative number Number affected Speech/language Reading/writing
Mothers 9 3 (33.3%) 3 (33.3%) 3 (33.3%)
Fathers 8 3 (37.5%) 0 (0%) 3 (37.5%)
Sisters 5 2 (40%) 2 (40%) 0 (0%)
Brothers 9 4 (44%) 0 (0%) 4 (44%)
Total 31 12 (38.7%) 5 (16.13%) 10 (32.26%)

Note. Number of questionnaires returned, 9 (75%); number of probands with a positive
speech and language history, 4 (44.5%); number of probands with a positive reading and
writing history, 6 (66.7%); total number of probands with a positive family history of LI, 7
(77.8%). A positive history of LI is a reported speech/language impairment plus speech ther-
apy, and/or a reading/writing impairment plus remedial help.

For the 9 SLI probands for which data were available, 7 (77.8%) had a
positive family history. That is, 7 of the probands had one or more first-
degree relatives with a positive L1 history. For the 49 control probands, 14
(28.57%) had apositivefamilial history. A x? test was carried out to compare
the proportionsof theincidence of a positivefamilial history between thetwo
groups. This revealed a highly significant difference, reflecting the higher
incidence of a positive familia LI history for the SLI probands, x*> = 20.83,
p = .000005.

It was noted that only one (2.04%) of the control probands had more than
one member of the family with a positive LI history. In this family both of

TABLE 3
Results of the Questionnaire: Familial History of Language Impairment for First Degree
Relatives of the Control Children

Tota Positive history
reported
Relative number Number affected Speech/language Reading/writing
Mothers 49 1 (2.04%) 1 (2.04%) 1 (2.04%)
Fathers 48 4 (8.33%) 1 (2.08%) 3 (6.25%)
Sisters 40 3 (7.50%) 1 (2.50%) 2 (5.00%)
Brothers 37 7 (18.92%) 5 (13.51%) 3 (8.12%)
Total 174 15 (8.62%) 8 (4.60%) 9 (5.17%)

Note. Number of questionnaires returned, 72 (48.0%); number of usable questionnaires, 49
(32.66%); number of probands with a positive speech and language history, 7 (14.29%); num-
ber of probands with a positive reading and writing history, 7 (14.29%); number of probands
with a positive family history of LI, 14 (28.57%).
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the probands parents were hearing impaired. This accounted for the one
mother in this group who had a positive LI history. For the SLI group, 3
(33.3%) of the probands had more than one member with a positive L1 his-
tory.

Further analyses were carried out to assess the overall pattern of impair-
ment in the different family members and to see whether the increased inci-
dence of a positive LI history was evident for each of the family members
(i.e., mother, father, brother, sister).

For the SLI probands, 3 (33.3%) of the mothers had a positive LI history
in comparison to 1 (2.04%) of the mothers of the control probands who had
apositive LI history. This difference was significant, x*> = 11.596, p < .001.
For thefathers, 37.5 and 8.33% of the SLI and control probands, respectively,
had a positive LI history. Again, analysis revealed that this difference was
significant, x*> = 5.333, p < .025.

Significantly more of the SLI probands sisters than control probands
sisters (40 vs. 7.5%) were also found to have a positive LI history, x? =
4.753, p < .05. Although 44% of the SLI probands’ brothers had a positive
LI history in comparison to only 18% of the control probands' brothers, this
difference was not significant, x2 = 2.592, p > .05. This result reflects the
increased incidence of a positive LI history of the brothers for the control
probands.

A comparison of the numbers of brothersand sisters with apositive history
for the SLI probands (see Table 2) shows asimilar proportion of impairment
in male and female siblings. In contrast, Table 3 indicates that the control
probands had a gender bias toward more impaired boys than girls, which is
frequently reported for the normal population (Vogel, 1990). A further analy-
sis confirmed that there was a significant gender bias between the impaired
brothers and sisters among the control probands, x? = 7.294, p < .01. Thus,
these data from the control probands concur with previous findings which
have shown that in the normal population and in undifferentiated groups of
SLI children more boys may have speech/language and or reading/writing
problems than girls (Tallal et al., 1989b; Vogel, 1990).

Ananalysis of the total proportion of males versus females with a positive
LI history for the SLI and control probands revealed a significant gender
ratio difference between the two groups, x> = 3.938, p < .05. Thisreflects
the generally higher number of impaired males than females in the control
probands' parents and siblings which is not evident for the grammatical SL1
probands. This point will be taken up further under Discussion.

Finally, it was noted for the SLI probands that all three mothers who had
apositivefamily history reported both speech—language and reading—writing
problems. Thesethree mothers also reported long histories of speech therapy.
In contrast, only reading—writing problems were reported for the fathers.
This male/female difference may reflect a bias in the method of collecting
the data. Typically, it was the mother who filled in the questionnaire. How-
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ever, the same male/female bias in reading—writing/speech—language prob-
lems was reflected in the sibling data. The four brothers with apositive fam-
ily history had reading—writing impairments, while the two sisters had
speech—language impairments. Clearly, further investigations are warranted
to ascertain whether the male family members have or had evidence of
speech—language problems.

DISCUSSION

This study was concerned with extending our existing knowledge concern-
ing familial aggregation of LI in SLI probands. Previous research hasfocused
largely on undifferentiated groups of SLI children. This study is the first (to
our knowledge) to investigate whether there is evidence of familial aggrega
tion of LI in a subgroup of Grammatical SLI children who appear to have
amodular language impairment. The incidence of a positive familial history
of the Grammatical SLI probands and age-matched control probands who
were developing language normally was compared.

The results of the questionnaire revealed that the SLI probands had a sig-
nificantly higher incidence of one or more first-degree relatives with a posi-
tive familial LI history than the control probands; 77.8% of the SLI probands
had a positivefamilial LI history incomparison to only 28.57% of the control
probands. It should be noted, however, that questionnaire data are subject
to selection bias. For example, it is possible that the parents of control chil-
dren in which there was a familial LI history may have been less likely to
respond. In addition, having a child with SLI may make parents more likely
to be aware of LI in siblings and other family members.

However, the findings from the questionnaire are supported by the case
history information. A significantly higher positive familia history than
could be expected, based on the incidence of genera LI in the population,
was revealed. There were very few casesin which apositive familial history
was reported in only one of the two data sets for a particular SLI1 child. In
one case a positive familial L1 history was revedled by the questionnaire
which had not been previously reported (two brothers with reading and writ-
ing problems). The questionnaire revealed afurther two sistersand one father
who had a Ll history in addition to other LI family memberswhich had been
reported in the case history notes.

Thus, the data from this study are consistent with a genetic basis underly-
ing Grammatical SLI in children. However, the data do not give any indica-
tion asto the nature of the L1 in the SLI probands relatives. This point will
be taken up later under General Discussion.

The results of the analysis of the incidence of apositivefamilial L1 history
in the four family members (mothers, fathers, brothers, and sisters) provide
further insight into the possible nature of the genetic inheritance of Grammat-
ical SLI in children. Specifically, from these data we may distinguish be-
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tween patterns of LI that are consistent with recessive and dominant genetic
inheritance, and between autosoma and sex-linked inheritance.

The pattern of familia impairment found in this study for the grammatical
SLI probands provides an initia indication that the genetic inheritance isan
autosomal dominant inheritance. For the SLI probands, it was either the
mother or the father who had a positive history, rather than both parents;
that is, 70.58% of the SLI probands had one affected parent. In addition, it
could be expected that if Grammatical SLI was caused by an autosomal (non-
sex linked) dominant genetic abnormality then approximately 50% of the
siblings would have a positive LI history. The results from the questionnaire
show that close to 50% (i.e., approximately, 43%) of the probands’ siblings
have a positive history.

It would appear from the results that the gene(s) which may cause gram-
matical SLI isnot sex linked. An equal incidence of a positive history was
generally found for the overall male and female first-degree relatives and
there was not a significant difference between the incidence of LI brothers
and sisters among the SLI probands. These data are particularly striking
when compared with the findingsfor the control probands and previous stud-
ies of undifferentiated groups of SLI children. The data from the control
probands in this study showed a significant gender bias with more males
than females with a LI history. Tomblin (1989) found a very high rate of
impaired brothers (39.9%) in comparison with impaired sisters (16.67%). A
similar gender ratio bias was reported by Haynes and Naidoo (1991) and
was found generally in Bishop et al.’s (1995) twin study. Thus, the findings
from this study, although preliminary, suggest that a different genetic basis
could underlie Grammeatical SLI and some other forms of SLI.

General Discussion

The findings from this study support previous research which has shown
a familial aggregation of LI in undifferentiated groups of SLI probands
(Bishop & Edmundson, 1986; Neils & Aram, 1986; Tdlal et a., 1989a,b;
Tomblin, 1989) and the SLI family (Hurst et a., 1990; Gopnik, 1990). This
study extendsthese previous findings. The data are consistent with agenetic
basis underlying the form of language impairment characterized by Gram-
matical SLI. The results from this study for the subgroup of Grammatical
SLI children may be contrasted with the subgroup of expressive SLI children
who did not appear to have a positive familia history (Whitehurst et al.,
1991). The difference between the findings from Whitehurst et a. and this
study highlights that the same surface behavior in expressive language (e.g.,
an impairment in inflectional morphology) may be found in different sub-
groups of SLI children who may not be characterized by the same underlying
deficit.

There are a so interesting differences between the results of this study and
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those of previous studies in which the findings are consistent with a genetic
basisto SLI. The datatentatively suggest that a different genetic inheritance
may underlie different forms of SLI.

This may be partially revealed in a comparison of the results from this
study with those of Haynes and Naidoo (1991). The Grammatical SLI chil-
dren in this study were a subgroup of the SLI population studied by Haynes
and Naidoo. For this globa population of SLI children, Haynes and Naidoo
found that 41% of the children had a positive history. Further analysis re-
veded that the Grammatical SLI probands had a significantly higher inci-
dence of a positive history than the overall SLI population from which they
were selected (x°y = 5.547, p < .02).

Stronger evidence that the genetic basis underlying Grammatical SLI is
different from some other forms of SL1 is provided by the apparent autoso-
mal pattern of inheritance found for this subgroup. While the lack of a sex-
linked inheritance concurs with Hurst et al.’s (1990) investigation of the SLI
family, it contrasts with the greater number of L1 males in both the control
population in this study and many previous investigations of mixed groups
of SLI probands.

The results from this study, like those of Gopnik and Crago (1991), sup-
port the notion of agenetic disorder underling the acquisition of grammatical
knowledge which is needed for normal language development. There is,
however, some dispute as to whether the SLI family studied by Gopnik and
Crago (1991) and by Vargha-Khadem and Passingham (1990) suffer from
nonlinguistic cognitive deficits which can explain or are associated with their
language impairments (Bates, 1993). In contrast to this SLI family, no non-
linguistic deficits have been revealed for the Grammatical SLI children in
our study. Thus, the linguistic impairment of these subjects does not appear
to be associated with any other disorder. This makesthe data from the present
study particularly interesting as the findings are consistent with the possibil-
ity of a genetic basis underlying a modular language deficit.

However, caution is expressed with the interpretation of the findings from
this study. It should be stressed that thisinvestigation is afirst step in explor-
ing apossible genetic basisto Grammatical SLI. Whilethe resultsare consis-
tent with a genetic explanation, they are not conclusive. From the data so
far, environmental explanations, although unlikely (see Bishop et a., 1995)
cannot be ruled out (cf. Rutter et al., 1990; Lewis et al., 1993).

The data from this study do not identify the nature of the LI exhibited by
the SLI probands relatives. It would be of interest to know whether the
LI of the relatives could also be classified as a Grammatical SLI. Further
investigations of the LI relatives of the Grammatical SLI probands using
specific tests of grammatical knowledge are required. Such investigations,
providing valuable evidence of the relationship of the L1 of the Grammatical
SLI probands and their relatives, may help to determine whether we are
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indeed looking at distinct disorders in the SLI population, or which forms
of SLI are geneticaly related.

In addition, it should be noted that the numbers of Grammatical SLI chil-
dren in this study were small. The data from this investigation indicate that
further research is warranted with both Grammatical SLI children and other
carefully defined subgroups of SLI children to substantiate the findings from
thisinvestigation. For example, genetic linkage studiesusing genetic markers
may be employed alongside an investigation of the linguistic nature of the
LI in SLI probands’ relatives. Such research may provide further evidence
to validate the proposal that there is a genetic basis to Grammatical SLI in
children.

Finally, this investigation of Grammatical SLI children, which is consis-
tent with an autosomal dominant genetic inheritance underlying their disor-
der, although preliminary in nature, provides an exciting source of evidence
supporting a biological, domain-specific, and modular basis to language.
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