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This study evaluates the input-processing de�cit/single system and the
grammar-speci�c de�cit/dual system models to account for past tense
formation in impaired and normal language development. We investigated
regular and irregular past tense formation of 60 real and novel regular and
irregular verbs in ‘‘Grammatical (G)-SLI’’ children (aged 9:3 to 12:10) and
morphological- or vocabulary-matched younger control children. The G-SLI
children and language ability (LA) controls showed quantitatively and
qualitatively different patterns of performance. The LA controls, but not the
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G-SLI children, showed a signi�cant advantage of regular over irregular past
tense marking for real and novel verbs. Past tense frequency affected the G-
SLI children, but not the controls’ production of regular verbs, even with
stem access controlled for. The G-SLI children’s production of regular forms
was signi�cantly lower than that of the control groups. Frequency and
phonological properties had a similar and signi�cant effect on the G-SLI and
LA controls’ irregular formation. The G-SLI children’s irregular past tense
production did not differ from that of the morphological controls, but was
lower than that of the vocabulary controls. We argue that the dual
mechanism/grammar-speci�c de�cit provides a parsimonious explanation
for normal and impaired performance, and suggest that grammatical
computations underlying regular past tense formation in normal grammar
are impaired (not missing) in G-SLI grammar.

INTRODUCTION

Speci�c language impairment (SLI) is a heterogeneous disorder of
language acquisition in children who do not have any other apparent
cognitive, social, or neurological de�cit that can obviously account for their
impairment (Menyuk, 1964). The impairment affects around 7% of
children (Leonard, 1998). Problems with in�ectional morphology are
frequently reported and are a prototypical characteristic of children with
SLI (Bishop, 1994; Gopnik, 1990; Leonard, 1998; Oetting & Rice, 1993;
Rice, Wexler, & Cleave, 1995). However, there is considerable controversy
concerning the cause of the disorder and the nature of their in�ectional
morphology de�cit. The controversy revolves around whether an input
processing de�cit (Bishop, 1997; Joanisse & Seidenberg, 1998b; Leonard,
1998; Tallal et al., 1996) or a grammar-speci�c de�cit (Clahsen, 1989;
Gopnik, 1990; Rice & Wexler, 1996; van der Lely, Rosen, & McClelland,
1998) causes SLI and whether or not representation of in�ectional
morphology is qualitatively different from that of normally developing
children. One reason for this controversy is the variation in linguistic and
cognitive characteristics found across different groups of children with SLI
(Aram, Morris, & Hall, 1993; Bishop, Bishop, Bright, James, & van der
Lely, 2000). The heterogeneity of SLI could re�ect different causes of the
disorder. To provide insight into this issue we investigated the production
of real and novel regular and irregular verbs in a selected homogeneous
SLI subgroup, ‘Grammatical(G)-SLI children’ (van der Lely, et al., 1998).
Van der Lely and colleagues have claimed that G-SLI children have a
primary de�cit of the computational grammatical system (van der Lely,
1994, 1997a,b, 1998; van der Lely et al., 1998; van der Lely & Stollwerck,
1997). The apparent pure form of G-SLI found in this subgroup (van der
Lely et al., 1998), but not in all subgroups of children with SLI (cf. Vargha-
Khadem, Watkins, Alcock, Fletcher, & Passingham, 1995), makes them
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particularly well-suited to exploring the nature of their linguistic de�cit
and testing the opposing theories of SLI.

Grammatical(G)-SLI

Van der Lely and colleagues have identi�ed a subgroup of SLI subjects
who they claim have a primary and disproportionate grammatical
impairment—‘Grammatical(G)-SLI children’ (van der Lely, 1994,
1997,a,b, 1998; van der Lely et al., 1998; van der Lely & Stollwerck,
1997). G-SLI affects between 10–20% of children with a persisting SLI and
IQ > 85, and is consistent with an autosomal (non-sex linked) dominant
inheritance (van der Lely & Stollwerck, 1996). Investigations of auditory,
articulatory, and cognitive abilities, thought by some researchers to
explain SLI (Leonard, 1998; Tallal & Piercy, 1973; Tallal et al., 1996;
Wright et al., 1996), did not reveal the co-occurring de�cits that have been
found in some children with SLI (van der Lely et al., 1998). Linguistically,
G-SLI children show that they inconsistently manipulate core aspects of
syntax, including tense and agreement marking (My Dad go to work),
assigning thematic roles in passive sentences and embedded phrases and
clauses (The boy was pushed by the girl; The dog with the bone is . . .),
assigning reference to pronouns or re�exives (Mowgli says Baloo is
tickling him/himself), and producing Wh-questions (Who Tom see some-
one in the kitchen?) (van der Lely 1994, 1996a,b, 1998; van der Lely &
Battell, 1998; van der Lely & Hennessey, 1999, van der Lely & Stollwerck,
1997). Thus, while G-SLI children share many grammatical in�ectional
characteristics with other SLI children (Bishop, 1997; Leonard, 1998),
investigations also show that they make syntactic structural errors.
However, aspects of language outside grammar, such as pragmatic
inference and verbal logical reasoning are not impaired in G-SLI children
(van der Lely et al., 1998; cf. Bishop, 1997). For example, G-SLI children
show the appropriate pragmatic knowledge needed to determine
conversational inferences, use pronouns in narratives, and to facilitate
sentence comprehension (Surian, Baron-Cohen, & van der Lely, 1996; van
der Lely, 1997b; van der Lely & Dewart, 1986; van der Lely & Stollwerck,
1997). The validity of G-SLI as a qualitatively distinct subgroup is an
empirical issue to which this paper contributes.

Regular and irregular in¯ ectional morphology in
children with SLI

The morphological representation and processing of regular and irregular
morphology in children with SLI is of particular relevance to this study.
Previous investigations of regular and irregular plural and past tense
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morphology in different groups of SLI children have revealed con�icting
�ndings. On the one hand, the �ndings for young children with SLI
indicate the relatively appropriate use of irregular morphology but
abnormal use of regular morphology in comparison to language- or age-
matched peers (Leonard, McGregor, & Allen, 1992; Oetting & Rice, 1993;
Oetting & Horohov, 1997; Rice et al., 1995). This impairment is evinced in
�rst, a greater number of omissions of past tense marking in obligatory
contexts than language control children (Leonard, 1998). Second, there is
less frequent use of over-regularisations of irregular words (felled; mices)
and regularisations of novel words (bips) for SLI children than for children
developing normally (Leonard, 1989; 1998; Marchman & Weismer, 1994;
Marchman, Wulfeck, & Weismer, 1999). Third, frequency effects are
reported in several studies for regularly in�ected plural nouns and past-
tense verbs for children with SLI but for normally developing children
(Oetting & Horohov, 1997; Oetting & Rice, 1993; Ullman & Gopnik,
1999). An atypical frequency effect is also evident in German-speaking
children with SLI. Normally developing German-speaking children over-
generalise the regular-default, but relatively infrequent -s plural af�x,
whereas some children with SLI overgeneralise the most frequent -en/n
plural af�x (Bartke, 1998; Clahsen, Rothweiler, Woest, & Marcus, 1992).
Finally, Marchman et al.’s (1997, 1999) analysis of children’s regular and
irregular error patterns of regular and irregular verbs, demonstrated that
SLI children were more sensitive to frequency and phonological
characteristics of stem and past tense forms than age-matched control
children. However, Marchman’s (1999) analysis did not focus on whether
frequency and phonological patterns were having a different or similar
effect on the proportion of correct regular and irregular forms, or on
whether the SLI children’s performance was qualitatively different from
younger children of similar language abilities. Thus, to understand further
the nature of in�ectional morphology in SLI and normally developing
children, this study investigates whether frequency is having a qualitatively
different effect on the G-SLI and younger normally developing children’s
correct production of regular and irregular forms as well as on unmarked
forms.

Alternatively, some researchers argue that some 5- to 8-year-old SLI
children have normal representation of irregular and regular in�ections
(Clahsen et al., 1992; Marchman & Weismer, 1994; Marchman et al., 1999;
Oetting & Horohov, 1997; Oetting & Rice, 1993). Oetting and Rice’s
(1993) study of noun compounds revealed that 5-year-old SLI children use
irregular plurals inside compounds (mice-eater) but not regular plurals
(*rats-eater) – a pattern similar to that found in normally developing
children (Gordon, 1985; Oetting & Rice, 1993; van der Lely & Christian,
2000). Moreover, Oetting and Horohov’s (1997) data from 6-year-old SLI
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children indicated a normal distinction between past tense production of
irregular and regular forms for irregular and denomalised verbs (�y-�ew/
�ied). The SLI children produced 80% irregular past tense forms for the
irregular verbs, while the age- and MLU-matched controls produced 85%
and 41% irregular forms, respectively. For the denominal verbs, for which
a regular past tense form is expected, the SLI children produced 46%
regular in�ections, whereas the age and MLU controls produced 77% and
67%. Thus, while the SLI children showed a distinction between the
production of regular and irregular morphology, they appeared to use
regular morphology less than their age or language peers did.

However, investigations of older SLI subjects indicate that the
distinction between regular and irregular morphology found in normally
developing children is not evident in their performance (Ullman &
Gopnik, 1994, 1999; van der Lely & Christian, 2000). Ullman and
Gopnik’s (1994, 1999) study of a large family (the ‘KE’ family) found
that impaired family members produced correct regular and irregular
past tense forms at a similar rate, which in turn was worse than that of
control subjects. Vargha-Khadem et al. (1995) reported a similar �nding
for the same impaired KE family members. Furthermore, van der Lely
and Christian’s (2000) study of 10–18-year-old subjects with G-SLI
revealed a signi�cant use of regular plurals inside compounds (*rats-
eater), unlike age- or language-matched control groups of children.
However, both the G-SLI subjects and the control groups produced
irregular plurals inside compounds (van der Lely & Christian, 2000).
Note, although Oetting and Rice’s (1993) investigation revealed that the
majority (80%) of their 5-year-old SLI subjects showed the ‘normal’
regular-irregular distinction with irregular plurals but not regular plurals
occurring inside compounds, three of the subjects (20%) used regular
plurals inside compounds.

In sum: there appear to be qualitative differences in the nature of the
SLI de�cit in different populations of subjects. Although some children
with SLI evidence a regular-irregular distinction found in normally
developing children, suggesting normal morphological representations, a
large number of studies report some impairment with regular morphology.
One explanation for these different �ndings is that the full extent of the
SLI de�cit is not apparent until the child is older. Alternatively, the
linguistic characteristics and the underlying nature of SLI may vary in
different populations. This opens up the possibility that group means from
heterogeneous groups of SLI children could hide potentially interesting
differences. The contrasting �ndings emphasise the need for careful subject
description in all investigations of SLI subjects and comparisons between
�ndings of different studies if we are to shed light on these issues. This
investigation of regular and irregular past tense production in the G-SLI
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subgroup provides an important step towards this goal and enables us to
evaluate the alternative theories of SLI with respect to the nature of this
subgroup’s performance.

The cause of G-SLI

The input-processing account hypotheses that impaired input processes
and limited processing capacity causes SLI (Bishop, 1997; Elman et al.,
1996; Joanisse & Seidenberg, 1998b; Leonard, 1998; Tallal et al., 1996).
Tallal and colleagues claim that SLI can be traced to a de�cit in the rate of
auditory processing that is not language-speci�c (Bishop, 1997; Leonard,
1998; Tallal & Piercy, 1973; Tallal et al., 1996; Wright et al., 1996). Leonard
et al. (1992) argues that this auditory perceptual de�cit causes SLI children
to have problems perceiving morphemes such as -ed or -s, which have ‘low
perceptual salience’. Therefore, additional resources are required to
perceive such morphemes, which causes further dif�culties learning
morphological paradigms (Leonard, 1998; Leonard et al., 1992). Moreover,
they claim that these children’s general processing capacity limitations
affect short-term (phonological) memory, the production of consonant
clusters, the speed of processing and retrieving words such that consonants
and �nal morphemes may be lost in the production process, and cause
delay in lexical development which is seen as central to problems with
in�ectional morphology (Bishop, 1997; Conti-Ramsden & Jones, 1997;
Elman et al., 1996; Gathercole & Baddeley, 1990; Joanisse & Seidenberg,
1998; Leonard, 1998; Marchman et al., 1999).

The different variants of the input-processing de�cit hypothesis are
consistent with the view that a single mechanism underlies regular (rob-
robbed) and irregular (give-gave) past tense in�ection (Bates & Mac-
Whinney, 1987; Elman et al., 1996; Marchman, 1997; Plunkett &
Marchman, 1991, 1993). The ‘single system’ account proposes that regular
and irregular forms are represented and processed by a single associative
memory system (Bates & MacWhinney, 1989; Elman et al., 1996; Joanisse
& Seidenberg, 1998b; Plunkett & Marchman, 1991, 1993; Rumelhart &
McClelland, 1986). Rule-like generalisations, such as the regular -ed
in�ectional rule, are thought to emerge over the course of learning
associations between verb stems and past tense forms. Speci�cally, both
regular and irregular mappings are learned by a constraint-satisfaction
learning system that exploits the way in which surface-level features
predict the relations between stem and past-tense forms (Marchman et al.,
1999). Thus, the acquisition and productivity of in�ectional morphology is
based on lexical processing and development whereby lexical factors, such
as item frequency and phonological attributes of ‘neighbouring’ verbs, are
seen as central to the acquisition process (Bates & MacWhinney, 1989;
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Daugherty & Seidenberg, 1992; Elman et al., 1996; Hare, Elman, &
Daugherty, 1995; MacWhinney & Leinbach, 1991; MacDonald et al., 1994;
McClelland et al., 1986; Marchman, 1993; Plunkett & Marchman, 1991;
Rumelhart & McClelland, 1986). Therefore, based on the input-proces-
sing/single mechanism view comparisons between morphological produc-
tions of children with G-SLI with those of a younger group of children
matched on their vocabulary development are of particular relevance.

The grammar-speci�c de�cit account claims that impairments of
mechanisms and/or representations speci�c to the grammatical system
cause SLI (Clahsen, 1989; Gopnik, 1990; Gopnik & Crago, 1991; Rice &
Wexler, 1996; Ullman & Gopnik, 1994, 1999; van der Lely, 1994; van der
Lely et al., 1998). Therefore, aspects of language that rely on grammatical
processes may be impaired while those that rely on other processes, such as
associative learning and memory, may be spared. The grammar-speci�c
de�cit hypothesis assumes that cognitive mechanisms are specialised for
particular functions, such as grammar, and so can be differentially
impaired (Chomsky, 1986; Fodor, 1983; Pinker, 1994). Thus, this
hypothesis is consistent with the dual-mechanism view of past-tense
morphology which proposes that different mechanisms underlie regular
and irregular in�ectional morphology (Marcus et al., 1992; Pinker, 1999,
1991; Pinker & Prince, 1988, 1992). According to the ‘dual-system’
framework, irregular forms are stored in and retrieved from an associative
lexical memory—similar to that proposed by the single system view to
account for regular as well as irregular in�ections (Pinker, 1991; Pinker &
Prince, 1992). Thus, both the dual and single system accounts claim that
irregular verbs are subject to lexical memory effects, such as frequency and
phonological neighbourhood effects (Prasada & Pinker, 1993; Ullman,
1993, 1999). In contrast, dual system models propose that regular forms are
computed by a grammatical rule, which underlies the -ed suf�xation of the
verb stem. Retrieval of an irregular past tense form blocks the rule (gave
pre-empts gived). When an irregular form is not successfully retrieved, the
rule may be applied, resulting in an over-regularisation (Marcus et al.,
1992; Pinker, 1991). According to the dual system framework, lexical
factors such as frequency or phonological properties of regular past tense
should not affect their formation and thus, lexical development is not
expected to strongly predict performance of regular past tense forms.

Therefore, in this study, the comparison between the production of
regular and irregular past tense forms in G-SLI children and younger
children matched on vocabulary ability enables us to test the contrasting
predictions from the two accounts of G-SLI and the role of vocabulary in
in�ectional morphology development. The comparison between G-SLI
children and children matched on vocabulary or morphological abilities
enables us to evaluate whether the pattern of performance found for the
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G-SLI children could be expected in normally developing children at a
similar stage of vocabulary or morphological development.1

Predictions

According to the single system account, for normally developing children
lexical factors such as frequency and phonological similarity should
account for much if not all of any differences between the use of regular
and irregular forms (Marchman, 1997). Their production rate of novel
irregularised past tense forms (crive-crove) should increase with age as
memory traces of similar stem-past pairs strengthen (e.g., drive-drove,
dive-dove). Therefore, frequency effects may be expected for both regular
and irregular forms. However, frequency effects might not be found for
regular verbs if the -ed mappings have been suf�ciently learnt, such that
memory traces of individual past tense forms are overwhelmed (Daugherty
& Seidenberg, 1992; Seidenberg, 1992).

For the G-SLI children, the input-processing de�cit hypothesis would
predict a general impairment for their chronological age across regular and
irregular past tense forms. However, as lexical development should predict
in�ectional morphological performance (Marchman et al., 1999), G-SLI
children’s performance should not differ from that of the vocabulary-
matched control children. Moreover, the pattern of performance across
regular and irregular real and novel verbs should be similar to the pattern
found for normally developing children (Marchman & Weismer, 1994).
However, should any differences be found between regular and irregular
forms for the normally developing children, these may be exaggerated for
the G-SLI children. Our logic for predicting this is based on Leonard’s
(1988) proposal that perceiving and producing the regular -ed morpheme
requires extra processing capacity (Leonard et al., 1992). Therefore, we
may expect all the children, and particularly G-SLI children, to be worse at
producing regular than irregular past tense forms. With respect to
frequency, to our knowledge no existing single-system model predicts
that the type of damage leading to G-SLI should result in frequency effects
for regulars, where they are not found for normal children. Therefore, the

1 The Grammar-speci�c de�cit account and the dual system models (and similarly the
input-processing de�cit and single system accounts) are independent, but share underlying
theoretical assumptions about how the brain develops and functions. The accounts of SLI
(e.g., van der Lely, 1998; Leonard, 1998) provide (a) a characterisation of SLI and (b) explicit
predictions as to which aspects of language will or will not be impaired in children with SLI.
The single/dual mechanism models are more general theories about how the mental lexicon is
organised and while they should be able to accommodate both normal and impaired language
development, they do not provide the level of explanatory detail of language breakdown as
the speci�c hypotheses of SLI.
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single system/input-processing de�cit framework predicts that a similar
frequency effect will be found for G-SLI children and normally developing
children (Marchman & Weismer, 1994).

The dual system account predicts that normally developing children
should be better at producing regular past tense forms, which are rule-
produced, than irregulars, which are retrieved from memory. Differences
between correct production of regular and irregular past tense verb forms
may be particularly evident with low frequency verbs, which are less likely
than high frequency verbs to be stored forms. This is because, according to
the dual mechanism model, failure to retrieve a past tense form is likely to
result in the default regular rule being applied (Marcus et al., 1992; Pinker,
1991). This would result in correct regular forms but incorrect over-
regularised irregular forms. The dual-system model makes a clear
prediction with respect to frequency effects. For normal children,
frequency effects should be found for irregulars, but not for regulars. If
past tense forms are computed by the application of a rule to their stems
(e.g., rob ‡ -ed ˆ robbed), then once access to the stem (rob) is held
constant, the frequency of the past tense form (robbed) should not predict
the likelihood of the form’s correct production. However, if past tense
forms are retrieved from memory, their frequency should predict the
likelihood of their correct retrieval, even with access to the stem held
constant.

The grammar-speci�c de�cit hypothesis predicts that G-SLI children
should have particular dif�culties computing the past tense -ed rule.
Therefore, they may memorise both regular and irregular forms in the
lexicon. This leads to the prediction that G-SLI children, unlike normally
developing children, should show a similar performance on regular and
irregular past tense production, and frequency effects for both past tense
types. Furthermore, the G-SLI and normally developing children should
evince a qualitatively different pattern of performance across regular and
irregular past tense formation for real and novel verbs. G-SLI children
should be particularly impaired in relation to the control children with
regular but not irregular past tense formation. In addition, among the
G-SLI children, the default regular rule may not be applied in the event of
failure to retrieve an irregular form. However, some productivity of
regular and irregular forms through associative mechanisms may be
expected. Note, independently, the Grammar-speci�c de�cit hypothesis
predicts a general grammatical impairment affecting syntactic tense
marking (Rice & Wexler, 1996; van der Lely 1998). Thus, this would
result in a general increase in unmarked forms being produced in past
tense contexts.

In sum: according to the input processing de�cit/single system account
lexical processing and development will predict both regular and irregular
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in�ectional marking for the G-SLI children and controls. Conversely the
grammar-speci�c de�cit/dual system account predicts that lexical devel-
opment and processing will account for irregular but not regular
in�ectional marking. Moreover, for the G-SLI children, in contrast to
the control children, lexical factors are also predicted to affect regular past
tense formation, as their grammatical rule-system is impaired. Thus, the
clearest distinction between the input-processing de�cit/single system and
the grammar-speci�c de�cit/dual system accounts may be found in the
production of regular in�ection and comparisons between the G-SLI and
vocabulary-matched control children. Therefore, we will pay particular
attention to these aspects of the data.

METHODS

Subjects

Four subject groups participated in the experiment: a subgroup of 12
G-SLI children and three groups of younger children with normally
developing language. The three younger groups provided control groups
for different aspects of language and allowed us to access developmental
changes in children from ages 5:5 to 8:9.

Grammatical(G)-SLI children

The 12 G-SLI children had a mean age of 11:3 (range 9:3–12:10). There
were 10 boys and 2 girls. The selection criteria and procedure for the
G-SLI subgroup have already been well documented (van der Lely
1996a,b; van der Lely & Stollwerck, 1996, 1997). Therefore, only a
summary will be provided here. We excluded two types of children. First,
we excluded any children without the grammatical de�cits that form our
selection criteria. Second, we excluded any children with co-occurring
problems of speech production (dyspraxia), pragmatic aspects of language
(Adams & Bishop, 1989) attention, or non-verbal abilities. It is emphasised
that approximately only 20% of children with a persisting SLI and IQ >85
meet our G-SLI criteria (van der Lely & Stollwerck, 1996)

The G-SLI subjects’ non-verbal cognitive abilities were assessed by
performance subtests of standardised IQ tests (e.g., The British Ability
Scales, Elliott et al., 1978). All the children’s scores fell within normal
limits for their chronological age (i.e., IQ >85, ‡/¡1.0 SD). They had a
mean IQ of 99.09 (11.46 SD). They were assessed on a battery of tests,
which tapped a range of comprehension and expressive language abilities.
The tests provided six standardised measurements of different aspects of
language abilities in relation to the children’s chronological ages. The six
tests were used in the initial selection process, and four of them for



PAST TENSE MORPHOLOGY IN G-SLI CHILDREN 187

matching the G-SLI children with control subjects. The G-SLI children’s
scores fell at least ¡1.5 SD below the expected sore for their chronological
age on at least one standardised language test. In addition, each child made
at least 20% subject-verb agreement or tense errors in obligatory contexts
in spontaneous speech (Goellner, 1995; van der Lely, 1996b), and also 20%
‘reversal errors’ when assigning thematic roles in reversible full passive
sentences (van der Lely, 1996a). Ten of the twelve children performed at
chance when assigning reference to pronouns and re�exives when syntactic
knowledge of binding principles was required (van der Lely & Stollwerck,
1997). All the children showed a required persistent and disproportionate
impairment of grammatical abilities, compared to single word comprehen-
sion and expression, sentence length, and information content in their
expressive language. A summary of the overall G-SLI group’s subject
details can be found in Table 1. Appendix A provides individual subjects’
test scores on the six selection tests.

Language ability control groups

Three groups of 12 normally developing younger children provided language
ability matched (LA) control groups. Four of the standardised language
tests, used for selecting and assessing the G-SLI children, were used for
matching purposes. The youngest group (LA1 controls, mean age 5:9) were
matched to the G-SLI children on two tests which tapped morpho-
grammatical abilities:2 The Grammatical closure subtest from the Illinois
Test of Psycholinguistic Abilities (Kirk, McCarthy, & Kirk, 1968)—a test of
morphological production which includes regular and irregular morphology;

TABLE 1
Subject details: Chronological ages and raw scores from the four standardised tests,

which were used for matching the G-SLI children with the control children

G-SLI
children
(nˆ12)
Mean (SD)

LA1 controls
(nˆ12)
Mean (SD)

LA2 controls
(nˆ12)
Mean (SD)

LA3 controls
(nˆ12)
Mean (SD)

Summary of
analysis
between
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) 14.41 (8.56) 16.00 (1.75) 17.33 (1.23) LA1ˆG-SLI<(LA2ˆLA3)
GC-ITPA 20.00 (3.56) 21.25 (3.16) 26.25 (4.08) 28.91 (2.19) LA1ˆG-SLI<(LA2ˆLA3)
BPVS 78.83 (8.93) 56.25 (8.91) 71.67 (9.71) 80.00 (9.62) LA1<G-SLIˆ(LA2<LA3)
NV-BAS 17.91 (1.17) 15.67 (1.61) 17.17 (1.27) 17.50 (0.90) LA1<G-SLIˆ(LA2ˆLA3)

TROG, Test for Reception of Grammar (Bishop, 1983); GC-ITPA, Grammatical Closure sub-test,
Illinois Test of Psycholinguistic Abilities (Kirk et al., 1968); BPVS, British Picture Vocabulary Scales
(Dunn et al., 1982); NV-BAS, Naming Vocabulary, British Ability Scales (Elliott et al., 1978).

2 Note, these morpho-grammatical tests tap non-grammatical abilities, such as lexical-
conceptual knowledge, as well as grammatical knowledge.
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and the Test of Reception of Grammar (Bishop, 1983)—a test of sentence
comprehension. The LA1 controls scored signi�cantly lower than the G-SLI
children on expressive and receptive tests of single word vocabulary
knowledge. The two older control groups (the LA2 controls, mean age
6:11, and LA3 controls, mean age 7:11) were matched to the G-SLI children
on their expression and comprehension of single words: Naming Vocabulary
from the British Ability Scales (Elliott, Murray, & Pearson, 1978) and The
British Picture Vocabulary Scales (Dunn, Dunn, Whetton, & Pintilie, 1982).
However, the LA2 and LA3 controls scored signi�cantly higher than the
G-SLI children on the two tests of morpho-grammatical abilities. Table 1
provides a summary of the details. Further details can be found in van der
Lely (1996a) and van der Lely and Stollwerck (1997).

Materials

Each subject was presented with 60 verbs in the past tense production task.
The verbs were drawn from the stimuli developed by Ullman (1993, 1999)
and Ullman and Gopnik (1994, 1999). The verbs belonged to four classes.
(1) 16 irregular verbs (give-gave), which take only an irregular past tense
form. Thus ‘doublet’ verbs, such as dive-dove/dived , which take an
irregular and a regular form, were excluded. (2) 16 regular verbs (rob-
robbed), which take only a regular past tense form. Their stems were
phonologically dissimilar to the stems of all irregular verbs. (3) 16 ‘novel
irregular’ verbs whose stems were phonologically similar to the stems of
real irregular verbs, and which can take irregular or regular past tense
forms (e.g., crive-crove/crived , cf. drive-drove). (4) 12 ‘novel regular’ verbs
(e.g., brop-bropped), whose stems were phonologically dissimilar to the
stems of all irregulars, and phonologically similar to the stems of regular
verbs. One irregular verb (split) and two novel irregular verbs (ret, scrit)
were excluded from all analyses because their actual or likely past tense
forms are identical to their stems.

Half of the real irregulars and half of the real regulars had high past
tense frequencies (e.g., gave, robbed) and half had low past tense
frequencies (e.g., dug, stalked). Frequency counts were drawn from the
17.9 million word British English COBUILD corpus of the University of
Birmingham, by the Centre for Lexical Information (CELEX) at the
University of Nijmegen. Individual verb frequencies were augmented by 1
and ln-transformed (see Appendix B1). A 2 £ 2 verb type (regular/
irregular) by frequency (low/high) ANOVA was carried out on the items’
past tense COBUILD frequencies. The past tense frequencies for the
irregular verbs overall were signi�cantly higher than the regular verbs, F(1,
27) ˆ 9.50, p < .005. A signi�cant effect of frequency was found, F(1, 27)
ˆ 43.78, p < .001, but there was no signi�cant interaction.
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In order to ensure that the verbs selected for the task were familiar to
the children, and that the children’s familiarity re�ected the frequencies
provided by the COBUILD frequency counts, we carried out a stem
familiarity task. All 12 G-SLI and 36 control children were asked to give
a familiarity rating of the verb stems for all real and novel verbs. This
task was carried out approximately 2 months after the past tense
production task. Details of the stem familiarity procedure can be found
in Appendix C. The children’s mean stem familiarity ratings can be found
in Table 2.

A correlation was carried out between the stem frequencies provided by
the COBUILD counts and the G-SLI and control children’s stem
familiarity ratings. A high and signi�cant correlation was found, r(57) ˆ
.852, p < .0001. This indicates that the COBUILD stem and past tense
frequencies are an appropriate estimate of the familiarity and frequency of
the verbs for our children.

The task was based on Berko’s (1958) ‘‘Wug test’’. The verbs were
presented in the context of two spoken sentences, such as ‘‘Every day I
rob a bank. Just like every day, yesterday I _________ a bank’’. The
introductory and elicitation sentences for each verb shared the same two-
word complement or adjunct; both of these words were morphologically
simple and of relatively high frequency. The sentences were drawn from
those developed by Ullman (1993) and Ullman and Gopnik (1994, 1999),
but were slightly modi�ed for our British children. A full list of verbs and
their accompanying arguments can be found in Appendix B.

Procedure

Subjects were tested individually in a quiet room, and were seated beside
the experimenter, who spoke the following instructions: ‘‘This is a game

TABLE 2
Mean stem familiarity ratings (0 to 4) for each subject group (standard deviations

calculated over items)

G-SLI LA1 LA2 LA3

Verb class Example Mean SD Mean SD Mean SD Mean SD

Regulars 1.95 0.59 2.16 0.77 2.10 0.90 2.60 0.86
High frequency rob nˆ8 2.01 0.45 2.42 0.77 2.42 0.61 2.88 0.69
Low frequency �ap nˆ8 1.90 0.73 1.90 0.73 1.77 1.05 2.33 0.98

Irregulars 2.51 0.65 2.69 0.58 2.65 0.60 3.24 0.28
High frequency give nˆ7 2.77 0.61 2.98 0.41 2.94 0.49 3.39 0.24
Low frequency dig nˆ8 2.25 0.61 2.40 0.61 2.36 0.58 3.24 0.25

Novel regulars brop nˆ12 1.16 0.33 0.97 0.34 0.61 0.17 0.63 0.23
Novel irregulars crive nˆ14 1.37 0.45 1.21 0.30 0.43 0.22 0.65 0.27
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with some words. First I’ll say something like ‘Every day I go to work’, and
you have to repeat it. Then I’ll give you a sentence describing the same
event, but in the past: ‘Just like every day, yesterday I _______’. You have
to say the missing word and �nish off the sentence. Just say the �rst thing
you think of that sounds right. In some sentences you might not know
some of the words. For example, ‘Every day I prame quite well’. Just do
the best you can.’’ Further encouragement was given to the child if
necessary (e.g., ‘‘What would you say for the missing word?’’). The child
was given three practice items: the item in the instructions, and two
additional items – one real verb (Every day I weep over her) and one novel
verb (Every day I scrig over there). When the experimenter was
reasonably con�dent that the child understood the task, the test sentences
were administered. All subjects received the same pseudo-randomised
version of each task: The item order was randomised and then gone over
by hand to ensure that similar-sounding forms were not ordered too close
to each other. All sessions were audio-recorded with a Sony DAT recorder
using an Electret condenser microphone (ECM-959), which was positioned
on a stand approximately 20 cm to the side of the child’s mouth. This
provided a high quality recording, from which a detailed transcription was
made. The past tense production task was given to 11 of the 12 G-SLI
children; one subject (AT) was unavailable for testing.

Coding of responses. Subjects’ responses to the missing past tense form
(Just like every day, yesterday I ____________ ) were assigned to one of
four categories. (1) Unmarked form (e.g., rob, give, crive, brop).
(2) Regularised -ed-suf�xed past tense form (e.g., robbed, gived, crived,
bropped). (3) Irregularised past tense form (e.g., rob-rab, give-gave, crive-
crove, brop-brap). For novel irregular verbs, the categorisation of a
response as an irregularisation was based on the similarity of its stem-past
phonological transformation to the transformations of existing irregulars.
For real and novel regular verbs (rob, brap), a response was categorised as
an irregularisation if it entailed a vowel change (rob-rab, brop-brap). Thus
there was more than one possible irregularised past for some verbs – e.g.,
frink-frank/frunk/frought). (4) ‘Other responses’, which included phono-
logical errors as well as the use of an incorrect suf�x (-ing, -s, -er), an
irregular past participle (break-broken), or a semantically related word
(grind-corn, bend-broke, rush-ran).

RESULTS AND DISCUSSION

The majority of the G-SLI and control children’s responses fell into three
categories: unmarked, regularised, and irregularised (see coding above and
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Tables 3 and 4). There were a small number of ‘other’ responses, which we
shall discuss �rst. This will be followed by the main analyses, which
consider the unmarked, regularised, and irregularised responses to the real
and novel verbs. ANOVAs were carried out by subject (F1) and by item
(F2).

Other responses

Phonological errors were extremely rare for real verbs (e.g., bend-spend)
and accounted for less than 3% of responses for any group. There were no
signi�cant differences in the four subject groups’ phonological errors for
real verbs, F1(3, 43) ˆ 0.38, p ˆ .76; F2(3, 93) ˆ 0.63, p ˆ .60. However, for
novel verbs, phonological errors for all types of responses (unmarked,
regularised, irregularised forms) were more numerous (e.g., plam-plang,
trab-strab, brop-brok, vurn-vured, strink-skwinked). Overall, responses
containing phonological errors accounted for 17.25% of the G-SLI
children’s productions, and 11.45%, 5.10%, and 5.85% of the LA1,
LA2 and LA3 controls’ responses respectively. Analysis revealed that, for
the novel verbs, the G-SLI children produced signi�cantly more
phonological errors than the LA1 controls, F1(1, 43) ˆ 4.45, p ˆ .041;

TABLE 3
Mean responses rates (as % of items) for high and low frequency regular and irregular

verbs (standard deviations calculated over subjects)

G-SLI LA1 LA2 LA3

Verb class Response Example Mean SD Mean SD Mean SD Mean SD

Regular verbs
High frequency Unmarked rob 60.2 15.6 29.2 27.9 22.9 20.5 19.8 24.1

(rob) Irregularised rab 0 0 1.0 3.6 0
nˆ8 Regularised robbed 33.0 18.8 66.7 27.9 71.9 20.8 80.2 24.1

Low frequency Unmarked �ap 70.5 17.0 39.6 27.1 22.9 29.1 16.7 30.3
(�ap) Irregularised �up 0 0 0 0
nˆ8 Regularised �apped 11.4 14.2 48.9 25.0 72.9 28.1 76.0 28.6

Irregular verbs
High frequency Unmarked give 67.5 28.6 35.7 30.8 7.1 16.7 19.0 29.4

(give) Irregularised gave 19.9 22.9 34.5 32.5 70.3 25.4 59.5 34.9
nˆ7 Regularised gived 10.4 12.9 28.6 25.8 19.0 19.6 17.9 21.2

Low frequency Unmarked dig 73.9 23.4 51.0 31.3 21.9 27.2 25.0 30.6
(dig) Irregularised dug 13.6 22.0 18.6 26.0 42.7 20.3 41.7 31.7
nˆ8 Regularised digged 5.7 12.9 21.9 17.0 25.0 19.2 24.0 23.5
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F2(1, 27) ˆ 4.63, p ˆ .040, and than the LA2 and LA3 controls, F1(1, 43) ˆ
23.62, p < .001; F2(1, 27) ˆ 22.77, p < .001.3

There were three semantic errors for the real verbs: grind-corn and
bend-broke, produced by two G-SLI children, and rush-run, produced by
an LA1 control child. Both the G-SLI children and control children
produced real words for the novel verbs. There was often some
phonological similarity between the novel word and the word produced
by the child (e.g., satch-sat, plam-plant, spuff-splashed). Finally, there were
a small number of forms with incorrect suf�xes; -s-suf�xed forms were
produced by G-SLI subjects AZ (thinks, splits) and RJ (�aps), and the
progressive -ing suf�x was used once by G-SLI subject BS (rushing). The
normal control children did not produce any inappropriately suf�xed
forms.

Regular and irregular real verbs

The groups’ mean number of unmarked, regularised and irregularised
responses to the real verbs are shown in Table 3.

Unmarked verb responses

The G-SLI subjects produced a large number (mean range 60 to 75%) of
unmarked responses for the real verbs (rob, give) (see Table 3). The

TABLE 4
Mean responses rates (as % of items) for the novel verbs for the four subject groups

(standard deviation calculated over subjects)

G-SLI LA1 LA2 LA3

Verb class Response Example Mean SD Mean SD Mean SD Mean SD
% % % %

Novel regular Unmarked brop 56.8 17.4 33.3 25.1 20.1 28.1 15.3 28.2
Irregular brap 1.5 3.4 6.3 5.2 2.8 5.4 2.1 3.8
Regular brapped 6.8 9.0 31.3 17.1 66.7 30.8 73.6 27.7

Novel irregular Unmarked crive 59.1 12.8 39.9 22.9 28.0 32.7 29.8 25.8
Irregular crove 3.9 5.9 9.5 18.6 8.9 14.6 9.5 12.3
Regular crived 7.1 7.1 22.6 14.9 55.4 34.5 50.6 26.3

3 To ensure that possible phonological de�cits leading to such errors among the G-SLI
children were not signi�cantly in�uencing the results, we carried out all the main analyses for
the novel verbs (reported below) with such phonological errors included – for example, frink-
�nked was counted as an acceptable regular past tense response. The phonological errors were
not found to affect the results. These analyses yielded the same pattern of results as when the
phonological errors were excluded.



PAST TENSE MORPHOLOGY IN G-SLI CHILDREN 193

unmarked forms for the groups were analysed in a 4 (Group: G-SLI, LA1,
LA2, LA3) £ 2 (Verb type: regular, irregular) £ 2 (Frequency: high, low)
ANOVA. A signi�cant main effect of group was found, F1(3, 43) ˆ 11.29,
p < .001; F2(3, 81) ˆ 87.52, p < .0001. Further planned comparisons
con�rmed that the G-SLI children produced signi�cantly more unmarked
forms than the morphology-matched LA1 controls, F1(1, 43) ˆ 9.15, p ˆ
.004, F2(1, 30) ˆ 48.26, p < .001) and the older LA2 and LA3 vocabulary-
matched controls,4 F1(1, 43) ˆ 33.37, p < .0001; F2(1, 30) ˆ 173.45, p <
.0001. In addition the LA1 controls produced signi�cantly more unmarked
forms than the LA2 and LA3 controls, F1(1, 43) ˆ 5.66, p ˆ .022; F2(1, 30)
ˆ 35.20, p < .0001.

The main effect of verb type was signi�cant by subject, F1(1, 43) ˆ 15.21,
p < .001, but not by item, F2(1, 29) ˆ 0.43, p ˆ .516. This re�ected a trend
for a greater number of unmarked forms for the irregular verbs than the
regular verbs over all subject groups (see Table 3). No other main effects
were signi�cant nor were any interactions signi�cant.

In summary, the G-SLI children produced signi�cantly more unmarked
forms than each group of control children but the pattern of unmarked
forms for the regular and irregular verbs was similar to that of the LA
controls. Verb frequency did not signi�cantly affect any of the groups’
production of unmarked forms. Whilst the results suggest that more
unmarked responses may be produced for irregular than regular verbs, this
�nding was not robust. Finally, the results suggest that in normally
developing children there is some developmental change between 5 years
and 6–8 years, with the older children producing fewer unmarked forms
when using this elicitation paradigm.

Correct responses (rob-robbed, give-gave)

A 4 (Group) £ 2 (Verb type: regular, irregular) £ 2 (Frequency: High,
Low) ANOVA was used to analyse the correct responses of the G-SLI and
control groups. The triple interaction was signi�cant, F1(3, 43) ˆ 5.42, p ˆ
.003; F2(3, 81) ˆ 3.79, p ˆ .013, indicating that frequency and verb type are
differentially affecting the groups’ correct responses. To investigate this
further, we carried out two additional ANOVAs on the correct responses –
�rst on the irregular verbs, and second on the regular verbs.

For the irregular verbs a 4 (Group) £ 2 (Frequency) ANOVA revealed
signi�cant main effects for group, F1(3, 43) ˆ 7.01, p < .001; F2(3, 39) ˆ
28.49, p < .001, and frequency, F1(1, 43) ˆ 26.08, p < .001; F2(1, 13) ˆ

4 We analysed the LA2 and LA3 control groups together in the planned comparisons
when comparing their performance with the G-SLI children because both of these groups
were matched on vocabulary scores to the G-SLI children.
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6.64. p ˆ .023. However, the interaction was not signi�cant by subject or by
item, F1(3, 43) ˆ 1.80, p ˆ .162; F2(3, 39) ˆ 1.55, p ˆ .216. This indicates
that frequency played a similar role in the production of irregular verbs for
all four groups of children.

Planned comparisons revealed that the G-SLI children’s percentage of
correct irregular verb responses was not signi�cantly different from that of
the LA1 controls for either the high frequency irregular verbs, F1(1, 43) ˆ
1.50, p ˆ .227; F2(1, 6) ˆ 3.84, p ˆ .098, or low frequency irregular verbs,
F1(1, 43) ˆ 0.26, p ˆ .616; F2(1, 7) ˆ 1.26, p ˆ .29. However, their
percentage of correct responses was signi�cantly lower than the LA2 and
LA3 controls for both the high frequency irregular verbs, F1(1, 43) ˆ 17.99,
p < .001; F2(1, 6) ˆ 48.45, p < .001, and the low frequency irregular verbs,
F1(1, 43) ˆ 10.48, p ˆ .002, F2(1, 7) ˆ 11.33, p ˆ .012. The LA1 controls’
correct responses were also signi�cantly lower than the LA2 and LA3
controls responses on the high frequency, F1(1, 43) ˆ 8.53, p ˆ .006; F2

(1, 6) ˆ 38.83, p < .001, and low frequency irregular verbs, F1(1, 43) ˆ
7.49, p ˆ .009; F2(1, 7) ˆ 14.31, p ˆ .007. Thus, the percentage of correct
irregular responses for the G-SLI children was not signi�cantly different
from that of the morphology-matched controls but was signi�cantly lower
than the older vocabulary-matched control children. Verb frequency had a
similar and signi�cant effect on both the G-SLI children and the control
children’s performance, with high frequency verbs produced signi�cantly
better than low frequency irregular verbs.

For the regular verbs, the 4 (Group) £ 2 (Frequency) ANOVA
revealed a signi�cant main effect of group, F1(3, 43) ˆ 14.35, p < .001;
F2(3, 42) ˆ 54.51, p < .001. Planned comparisons revealed that, for both
high frequency and low frequency verbs, the G-SLI children performed
signi�cantly worse than the younger, LA1 control subjects, F1(1, 43) ˆ
12.10, p < .001; F2(1, 7) ˆ 19.79, p ˆ .003 high frequency; F1(1, 43) ˆ
13.26, p < .001; F2(1, 7) ˆ 13.51, p ˆ .008 low frequency, and the older,
LA2 and LA3, control groups, F1(1, 43) ˆ 25.97, p < .001; F2(1, 7) ˆ 73.15,
p < .0001 high frequency; F1(1, 43) ˆ 49.10, p < .001, low frequency. The
LA1 control children’s correct regular responses were also signi�cantly
lower than the LA2 and LA3 controls on the low frequency verbs, F1(1, 43)
ˆ 8.51, p ˆ .006; F2(1, 7) ˆ 10.36, p ˆ .015, but was signi�cant by items but
not by subject on the high frequency verbs, F1(1, 43) ˆ 1.30, p ˆ .260; F2

(1, 7) ˆ 7.99, p ˆ .026.
For the regular verbs, the Group £ Frequency interaction was

signi�cant by subject, F1(3, 43) ˆ 4.39, p ˆ .009, and a trend in the same
direction was found by item, F2(3, 42) ˆ 2.50, p ˆ .072, suggesting that
frequency differentially affected the groups’ performance. This was
con�rmed by t-tests, which were used to investigate each group’s correct
responses for the high and low frequency regular verbs. The G-SLI
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children produced signi�cantly more correct responses to the high
frequency regular verbs (robbed) than the low frequency verbs (�apped),
t1(10) ˆ 4.2, p ˆ .002; t2(10) ˆ 2.2, p ˆ .042. Whilst the LA1 controls
showed some frequency effect for the regular verbs, this was signi�cant by
subject, t1(11) ˆ 2.8, p ˆ .018, but not by item, t2(14) ˆ 1.4, p ˆ .17. The
older control groups showed no frequency effects for the regular verbs (see
Table 3). Finally to investigate whether the children’s familiarity with the
verb stem, rather than the frequency of the past tense form, caused the
different effects of frequency on regular verbs for the G-SLI children and
the control groups, we carried out a correlation between the children’s
production rate of correct past tense forms and the past tense frequency,
partialling out the children’s own stem ratings. A high and signi�cant
correlation was obtained for the G-SLI children, r(13) ˆ 0.66, p ˆ .008. In
contrast, the correlations for all three control groups accounted for only
between 1.9% to 14.4% of the variance and were non-signi�cant (LA1:
r(13) ˆ 0.30, p ˆ .284; LA2: r(13) ˆ 0.38, p ˆ .162; LA3: r(13) ˆ 0.14, p ˆ
.625). Thus, frequency had a stronger effect on the production of correct
regular past tense forms for the G-SLI children and accounted for 43.6%
of the variance – that is, at least three times as much as that of the control
children.

In order to assess fully the groups’ relative performance on the regular
and irregular verbs, for each group we compared the percentage of correct
past tense responses for the two verb types for both high frequency (robbed
vs. gave) and low frequency (�apped vs. dug) verbs. The G-SLI children’s
correct regular and irregular responses were not signi�cantly different for
either high frequency verbs, t1(10) ˆ 1.74, p ˆ .112; t2(13) ˆ 1.18, p ˆ .26, or
low frequency verbs, t1(10) ˆ 0.31, p ˆ .762; t2(14) ˆ ¡0.42, p ˆ .678. In
contrast, the LA1 controls produced signi�cantly more correct regular than
irregular responses for both the high frequency verbs, t1(11) ˆ 2.68, p ˆ
.021; t2(13) ˆ 3.24, p ˆ .006, and low frequency verbs, t1(11) ˆ 4.14, p ˆ .002;
t2(14) ˆ 3.06, p ˆ .008. The LA2 controls’ correct regular and irregular
responses did not differ for the high frequency verbs, t1(11) 0.20, p ˆ .844;
t2(13) ˆ 0.18, p ˆ .857, but regular responses were signi�cantly better than
irregular responses for low frequency verbs, t1(11) ˆ 3.39, p ˆ .006; t2(14) ˆ
2.58, p ˆ .022. Analysis also revealed that the LA3 controls performed
consistently better on regular than irregular verbs for both the high
frequency verbs, t1(11) ˆ 2.41, p ˆ .035; t2(13) ˆ 2.43, p ˆ .030, and low
frequency verbs, t1(11) 4.65, p < .001, t2(13) ˆ 14.02, p < .001.

Over-regularisations (give-gived)

Normal children sometimes produce ‘over-regularisations’ – forms like
gived, which are inappropriate regularisations of irregular verbs. On the
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dual system, view, over-regularisations occur when children fail to retrieve
the correct irregular past tense form (gave), and therefore resort to rule-
based -ed-suf�xation (Marcus et al., 1992; Pinker, 1991, 1999). On this
view, if G-SLI children have a dysfunctional rule, they should over-
regularise less than their controls. Note that the G-SLI children had more
chances than the control children to over-regularise, because they made
more errors on the irregular verbs. Nevertheless, analysis revealed the
G-SLI children produced signi�cantly fewer over-regularisations than the
younger LA1 control children, t1(21) ˆ 2.5, p ˆ .021; t2(29) ˆ 4.6, p < .001,
and than the vocabulary matched LA2 and LA3 control children,5 t1(29.35)
ˆ 2.63, p ˆ .013; t2(14) ˆ 5.90, p < .001.

Summary

The results revealed that frequency of regular and irregular verbs had
qualitatively different effects on the G-SLI children’s and the vocabulary-
matched control groups’ performance. Furthermore, differences were
evident between the pattern of performance of the G-SLI children and
children matched on expressive morphology and sentence comprehension.
For the irregular verbs, frequency had a similar and signi�cant effect for
both the G-SLI children and all the LA control groups’ production, with
high frequency past tense forms being produced more successfully than
low frequency past tense forms. For the regular verbs, frequency
differentially affected the G-SLI and control groups’ performance, as
indicated by the signi�cant interaction. The G-SLI children showed a
strong and consistent effect of frequency. In contrast, frequency did not
signi�cantly affect the LA2 and LA3, vocabulary-matched control
childrens’ responses (see Table 3). For the morphology-matched, LA1
controls the difference between high and low frequency regular verbs was
signi�cant in the analyses by subject but not by item, indicating a weak or
inconsistent frequency effect. However, when the children’s own stem
familiarity ratings were taken into consideration, the correlation between
the children’s regular correct responses and past tense frequency was high
and signi�cant for the G-SLI children but was substantially lower and not
signi�cant for the LA1 controls as well as the vocabulary control groups.
Thus, the LA1 controls’ knowledge of the stem forms rather than the
frequency of the past tense forms can largely account for the weak
frequency effect found for them.

For the irregular verbs, the G-SLI children’s rate of correct past tense
responses did not differ from that of the LA1 controls for either high or
low frequency verbs. However, the G-SLI children’s rate of correct

5 The degrees of freedom are adjusted for unequal groups.
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responses was signi�cantly lower than those of the LA2 and LA3 controls.
In contrast, for the regular verbs and G-SLI children produced signi�cantly
fewer correct responses than all three LA control groups for both the high
and low frequency verbs. This difference was most marked for the low
frequency verbs.

The LA control children showed an advantage for regular over irregular
correct responses. This regular verb advantage was generally signi�cant for
high frequency verbs and was consistently signi�cant for low frequency
verbs. Thus, any explanation for these data must take into account that
although the overall frequency of the irregular verbs was higher than that
of the regular verbs, normally developing children perform worse on
irregular than regular verbs. In contrast, the G-SLI children did not show
this regularity advantage, and no signi�cant difference was found between
their correct regular and irregular responses for high or low frequency
verbs. It can be seen from Table 3, the G-SLI children’s responses for the
low frequency verbs do not even show a trend for regular past tenses to be
produced more successfully than irregular past tense forms. Finally, the G-
SLI children produced signi�cantly fewer over-regularisations than the LA
controls, despite the increased opportunity to produce overgeneralisation
because of their low number of correct irregular responses.

Novel verbs

The mean numbers of unmarked (crive, brop), regularised (crived,
bropped), and irregularised (crove, brap) responses to the novel irregular
and regular verbs can be found in Table 4.

Unmarked forms

As with the real verbs, the G-SLI children produced a large number of
unmarked forms for the novel verbs (see Table 4). A 4 (Group £ 2 (Novel
verb type: novel irregular, novel regular) ANOVA carried out on the
unmarked responses revealed a signi�cant main effect of group, F1(3, 43) ˆ
5.44, p ˆ .003; F2(3, 72) ˆ 38.08, p < .001. A signi�cant main effect for
novel verb type was found by subject but not by item, F1(1, 43) ˆ 10.55,
p ˆ .002; F2(1, 24) ˆ 3.22, p ˆ .085, indicating, as with the real verbs, a
tendency for more unmarked forms to be produced for irregular than
regular sounding verbs. The interaction was not signi�cant, F1(3, 43) ˆ
1.10, p ˆ .36; F2(3, 72) ˆ 0.70, p ˆ .55. Follow-up planned comparisons
revealed that the G-SLI children produced signi�cantly more unmarked
forms than the LA1 controls, F1(1, 43) ˆ 4.68, p ˆ .036; F2(1, 25) ˆ 23.41,
p < .0001, and the LA2 and LA3 controls, F1(1, 43) ˆ 16.21, p < .001;
F2(1, 25) ˆ 96.73, p < .0001. The production rate of unmarked forms for
the LA1 control was signi�cantly lower than that of the LA2 and LA3
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control groups by item but not by subject, F1(1, 43) ˆ 2.54, p ˆ .118;
F2(1, 25) ˆ 16.93, p < .0001.

Novel irregular verbs

The regularised (crived) and irregularised (crove) responses to the novel
irregular verbs were analysed in a 4 (Group) £ 2 (Response type;
regularised, irregularised) ANOVA. This revealed a signi�cant interac-
tion, F1(3, 43) ˆ 5.67, p < .002; F2(3, 39) ˆ 27.01, p < .001. To investigate
this interaction further, we compared past tense production rates of
regularised and irregularised responses (crived vs. crove) within each
group. The LA control groups produced more regularised than irregu-
larised past tense forms for the irregular novel verbs, even though these
were phonologically similar to real irregular verbs (see Table 4). This
difference was signi�cant for the older LA control groups (LA2: t1(11) ˆ
3.9, p < .002; t2(13) ˆ 8.7, p < .001; LA3: t1(11) ˆ 4.3, p < .001; t2(13) ˆ
5.9, p < .001. For the LA1 controls the difference was not signi�cant by
subject but approached signi�cance by item, t1(11) ˆ 1.7, p ˆ .117; t2(13) ˆ
2.1, p ˆ .057. In contrast, the G-SLI children’s production rates were not
signi�cantly different for the two types of past tense forms, t1(10) ˆ 1.50,
p ˆ .176; t2(13) ˆ 0.8, p ˆ .431.

In the production of regularisations (crived), the G-SLI children
produced signi�cantly fewer forms than each of the three control groups
(LA1: t1(21) ˆ 3.1, p ˆ .005; t2(13) ˆ 3.9, p ˆ .002; LA2: t1(21) ˆ 5.4, p <
.001; t2(13) ˆ 9.7, p < .001; LA3: t1(21) ˆ 5.34, p < .001; t2(13) ˆ 7.8, p <
.001). In contrast, in the production of irregularisations (crove), the G-SLI
children’s performance was signi�cantly different from that of the controls
only for the t-tests with items as the error term, and not for the t-tests with
subjects as the error term (LA1: t1(21) ˆ 1.0, p ˆ .349; t2(13) ˆ 4.0, p <
.001; LA2: t1(21) ˆ 1.1, p ˆ .300; t2(13) ˆ 3.6, p ˆ .003; LA3: t1(21) ˆ 1.4,
p ˆ .183; t2(13) ˆ 2.4, p ˆ .034).

Novel regular verbs

Analysis of the novel regular verb responses in a 4 (Group) £ 2 (Response
type: regularised [bropped], irregularised [brap]) ANOVA also revealed a
signi�cant interaction, F1(3, 43) ˆ 20.69, p < .001; F2(3, 33) ˆ 46.37, p <
.001). Follow-up t-tests revealed that each of the three control groups
produced signi�cantly more regularised (bropped) than irregularised
(brap) past tense forms (LA1: t1(11) ˆ 4.7, p < .001; t2(11) ˆ 2.7, p ˆ
.019; LA2: t1(11) ˆ 7.3, p < .001; t2(11) ˆ 21.6, p < .001; LA3: t1(11) ˆ 8.8,
p < .001; t2(11) ˆ 12.1, p < .001). In contrast, for the G-SLI children the
advantage of regularisations over irregularisations was inconsistent – no
signi�cant difference was found by subject but was by item, t1(11) ˆ 1.6,
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p ˆ .132; t2(11) ˆ 2.2, p ˆ .046. Note, that the lack of signi�cant by-subject
difference may be partially attributed to the G-SLI children’s overall low
response rate (see Table 4).

In between-group analyses, the G-SLI children were signi�cantly worse
than each of the three control groups at producing regularised forms
(brop-bropped) (LA1: t1(21) ˆ 4.2, p < .001; t2(11) ˆ 4.3, p < .001; LA2:
t1(21) ˆ 6.2, p < .001; t2(11) ˆ 28.0, p < .001; LA3: t1(21) ˆ 5.34, p < .001;
t2(13) ˆ 7.6, p < .001), but were not generally worse at producing
irregularised forms (brop-brap), LA1: t1(21) ˆ 2.6, p ˆ .018. For all other
analyses t < 0.9, p ˆ .398 and, therefore, these were not signi�cant.

Summary

For novel irregular verbs (crive), the control children generally produced
signi�cantly more regularisations (crived) than irregularisations (crove). In
contrast, the G-SLI children produced regularisations and irregularisations
at similar rates. For novel regular verbs all the groups produced fewer
irregularisations than regularisations. Therefore, it appears that the G-SLI
children and the control children are sensitive to the phonological
characteristics of the verb when producing novel irregularisations. The
G-SLI children’s production rate of regularisations was signi�cantly lower
than that of the control children’s production rate of regularisations. In
contrast the G-SLI children’s production rate of irregularisations did not
consistently differ from that of the LA controls.

GENERAL DISCUSSION

The results from this investigation into the production of regular and
irregular past tense formation in children developing normally and in
children with G-SLI reveal quantitative and qualitative differences in the
groups’ performance. The responses of the G-SLI children and the LA2
and LA3 controls were remarkably distinct in their pattern of regular and
irregular production, the effect of frequency on regular past tense marking,
and their level of production of past tense marking on verbs. While some
similarities are found between the G-SLI children and the LA1 controls –
not surprisingly as they were matched on morphological abilities –
differences in the pattern of performance and the effects of frequency
are also found between these groups.

We will now consider how well the input-processing de�cit hypothesis
and the grammar-speci�c de�cit hypothesis can account for the �ndings
from this study and, more generally, how well the single mechanism and
dual mechanism frameworks can account for impaired and normal
performance.
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The input-processing de® cit/single mechanism
account

Lexical effects were clearly in�uencing all the children’s production of
irregular forms, as predicted by single mechanism accounts, with signi�cant
frequency effects being found for irregular verbs and the phonological
characteristics of the novel verbs determining irregular past tense use.
Thus, the control groups, generally produced irregularisations for irregular
rhyming novel verbs. In addition, performance on irregular verbs increased
with age and vocabulary development. Conversely, for normally develop-
ing children, few lexical effects were evident for regular past tense
marking. While no frequency effects were found for the older vocabulary-
matched LA2 and LA3 control children for regular verbs, a weak
frequency effect was found for the younger LA1 controls. One explanation
for this weak frequency effect among the LA1 controls is that their stem-
past mappings have not yet been suf�ciently learnt to eliminate frequency
effects. This suggestion is consistent with the predictions put forward by
Daugherty and Seidenberg (1992). However, when access to the stem was
controlled for by partialling out stem frequency, past tense frequency did
not signi�cantly predict performance. Furthermore, if the LA1 controls
had not yet learnt general regular stem-past mappings, it is unclear why
they showed the same advantage for regulars over irregulars for both high
and low frequency verbs and novel verbs as the older children. One
possibility for the general lack of regular frequency effects among the
control children is that such effects were harder to �nd for regular than
irregular verbs because the difference between high and low frequency was
smaller for regular (1.7) than irregular (3.0) verbs. However, this seems
unlikely, as the G-SLI children showed a clear and signi�cant frequency
effect for regular verbs, suggesting that the difference between high and
low frequency verbs was suf�cient to reveal an effect, if it was there to be
found.

The advantage for regular over irregular past tense marking found for
the LA controls is dif�cult to accommodate within a single mechanism
view of in�ectional morphology. The irregular verbs in this study were of
an overall higher frequency than the regular forms, yet regular verbs were
produced signi�cantly better than irregular verbs and regular past tense
marking was strongly favoured for even irregular rhyming novel verbs, as
well as regular sounding novel verbs. One possibility is that the high type
frequency for regular verbs could account for the regularity advantage
found in this experiment. However, while frequency and regularity are
con�ated in the English in�ectional system this is not so in other languages.
In German, for example, a suf�x added to a stem can form both irregular
and regular in�ectional forms for past participle and plural forms of words.
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However, the less frequent plural -s, and the participle -t, which has a
similar frequency as the irregular -n are preferentially produced as the
default (regular) forms (Clahsen et al., 1992; Clahsen, 1999; Marcus et al.,
1995). Thus, type frequency does not appear to be the crucial factor
determining the selection and use of default forms, and therefore for
reasons of parsimony we will not pursue this line of reasoning.

Finally, analysis of unmarked forms did not reveal that signi�cantly
more unmarked forms were produced for low frequency verbs than high
frequency verbs, in contrast to Marchman et al.’s (1999) previous �ndings.
However, a tendency to produce more unmarked forms for the real and
novel irregular verbs than for the real and novel regular verbs was found.
This suggests that the phonological characteristics of the verb stem-past
mappings were affecting the children’s productions to a limited extent, as
unmarked forms may be acceptable as past tense forms for some irregular
verbs (e.g., hit). However, it should be noted that we excluded no-change
verbs such as split, ret and scrit from the analyses. Furthermore, although
the irregular and regular novel verbs were carefully selected to control for
irregular and regular neighbourhood size (Ullman, 1993) only a weak
effect of the phonological characteristics was found. Thus, this is
inconsistent with the strong claim that regular as well as irregular past
tense patterns are primarily determined by a phonologically based
constraint satisfaction system (Marchman, 1997).

We will now turn to the �ndings from the G-SLI children and evaluate
the ability of the input-processing de�cit within a single mechanism
framework to account for impaired and normal performance. The G-SLI
children’s use of unmarked forms in past tense contexts, their particularly
impaired production of regular past tense marking in comparison to the
control children, and their limited ability to generalise the regular past
tense marker to novel forms can be taken to support the single mechanism
framework. First, the large number of unmarked forms found in this study
for G-SLI children is consistent with the predictions of impaired input-
processing in a single system model (Hoeffner & McClelland, 1993;
Leonard, 1998; Marchman & Weismer, 1994; Marchman, 1997). Further-
more, the G-SLI children showed a tendency to produce more unmarked
forms for the irregular real and novel verbs than for the regular real and
novel verbs. This suggests that the G-SLI children, like their LA-matched
peers, are sensitive to the phonological characteristics of the stem-past
mappings when producing unmarked forms. However, the more detailed
analysis reveals some inconsistencies with the input-processing de�cit
account. The input-processing de�cit account predicts that more unmarked
forms should be found for low frequency verbs (Marchman & Weismer,
1994). In the event, frequency did not have a signi�cant effect on
unmarked forms for either the G-SLI, or the LA control children. In
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addition, one might expect the G-SLI children to produce more
unin�ected forms for the regular known and novel verbs if they have
problems perceiving or processing the -ed morpheme, but they did not.
The production pattern of unmarked forms across known and novel
regular and irregular verbs was similar for the G-SLI children and LA
controls. Moreover, the very large number of unmarked forms found in
this study of 9–13-year-old G-SLI children in contrast to the production of
plural in�ections (van der Lely & Christian, 2000) is dif�cult to account for
by an input-processing de�cit alone and suggests that other factors are
signi�cantly contributing to these errors.

The G-SLI children’s signi�cant de�cit in regular past tense formation,
and poor generalisation of the regular in�ection to novel verbs is also
consistent with the input-processing de�cit account, whereby SLI children
are thought to have particular problems perceiving and producing the
regular past tense morphemes (Joanisse & Seidenberg, 1998b; Leonard,
1998). Conversely, the G-SLI and control children’s qualitatively different
patterns of performance re�ected by the relative productivity of regular
and irregular forms, and the effects of frequency on correct regular and
irregular past tense forms of verbs, particularly in relation to the
vocabulary control children, is inconsistent with the input-processing/
single mechanism framework. Single mechanism accounts predict that the
same factors affect regular and irregular forms for all children (Marchman
& Weismer, 1994; Marchman et al., 1999). Therefore, it is unclear why an
input-processing de�cit should cause a frequency effect for regular past-
tense verbs as well as irregular verbs for the G-SLI children, whereas this
effect was only found for irregular verbs for the control children.
Moreover, our �ndings do not support Marchman et al.’s (1999) prediction
that children with SLI would perform in qualitatively and quantitatively
similar ways to children matched on language abilities. The G-SLI children
were matched on two tests tapping morphological expression and sentence
understanding to a younger group of control children and on tests of
vocabulary comprehension and expression to two older groups of control
children. However, the G-SLI children’s overall pattern of use of irregular
and regular morphology does not appear to match that of children at any
stage of normal language development. Therefore although, according to
some accounts of the past tense morphology, vocabulary development
predicts the use and pattern of past tense marking found in acquisition
(Plunkett & Marchman, 1993), the results from this study indicate that
vocabulary development is insuf�cient to predict the pattern of past tense
formation found in normally developing and SLI children.

In conclusion, an input-processing de�cit may account for some of the
�ndings for the G-SLI children, such as their poor performance on regular
verbs, their use of unmarked forms in past tense contexts, and their
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sensitivity to phonological characteristics when producing irregularisa-
tions. However, the contrasting patterns of performance in the use of
regular and irregular forms and the contrasting effects of frequency for the
G-SLI children and the control groups of children matched on different
aspects of language are inconsistent with the input-processing de�cit
account and the theoretical framework underlying this account.

The grammar-speci® c de® cit/dual mechanism
account

The dual-mechanism explanation for the lexical effects of frequency and
phonological properties affecting the LA control groups’ use of irregular
past tense forms for real and novel verbs, and the development with age
for correct irregular production is similar to the single-mechanism account.
That is, irregular verbs are retrieved from a pattern associator memory,
which can yield some productivity. Although this productivity is relatively
limited, it can account for the production of irregular past tense novel
forms (Prasada & Pinker, 1993; Xu & Pinker, 1995). Furthermore, the data
indicate that this memory system for irregular verbs improves with age as
predicted by both single and dual system accounts. However, in contrast to
the single mechanism account, the dual mechanism account can provide a
parsimonious explanation for the general regularity advantage and the lack
of frequency effects for regular verbs found for the LA control children.
The data indicate that for normally developing children regular past tense
forms are rule products and so are not signi�cantly affected by the
properties of lexical memory (frequency and their sound patterns).
Therefore, the regular rule applied as the default whenever memory
access fails, can account for the greater number of regularisations than
irregularisations produced for novel verbs – which was found even for
those novel verbs that do not sound like existing regular verbs (i.e., for a
subset of the irregular novel verbs). However, if all regular forms are rule
produced it is unclear why a weak frequency effect was found for the
youngest LA1 controls, although they still showed a clear regularity
advantage. One possible explanation is that memorised forms are causing
this weak effect by facilitating access to and keeping in memory the stem
form during the process of adding the af�x. This explanation is supported
by the �nding that, when stem frequency was partialled out of the analysis,
the correlation between past-tense frequency and correct production of
regular forms was no longer signi�cant for the LA1 controls. Past-tense
frequency accounted on average for 8.4% of the variance of the LA
control groups’ productions (range 1.9%–14.4%), whereas on average it
accounted for �ve times as much for the G-SLI children (43.6%). The
apparent support of a long-term memory system to facilitate recalling stem
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forms in the LA1 control group but not the older control groups is
consistent with the view that phonological short-term memory develops
with age and vocabulary ability (Gathercole, Service, Hitch, Adams &
Martin, 1999). Thus, the older children’s more advanced vocabulary
abilities and we presume short-term memory abilities, may have made
relying on long-term memory to recall low frequency stem forms
redundant. In sum, the different pattern of regular and irregular past-
tense marking for regular and irregular verbs and the differential effects of
frequency found for the LA control children are consistent with the
predictions of the dual mechanism account of past tense formation.

The lexical effects of frequency and phonological characteristics for
irregular forms found for the G-SLI children, like the LA controls, is
consistent with the predictions of the grammar-speci�c account of SLI in
which the primary de�cit is thought to be located in the grammatical
system. However, it may have been expected that the G-SLI children
would have performed as well as the vocabulary control children on
irregular past tense formation if their associative-memory system is not
impaired. There are several factors which could individually or collectively
account for why this was not so. First, according to grammar-speci�c
accounts of SLI, morphological de�cits may be only one manifestation of
their grammatical impairment. Therefore, problems with the syntactic
representation of tense may cause in�nitival or unmarked stem forms to be
produced in a past tense context (Rice, Wexler, & Cleave, 1995; van der
Lely, 1998). Thus, this can account for the general impairment in
performance of the G-SLI children due to the large number of unmarked
forms produced in past-tense contexts. Secondly, G-SLI children’s verb
development, particularly learning to structure lexical links between
morphological variants of the same form—e.g., linking verb stem and past-
tense forms—may be signi�cantly impaired by their de�cit in using
syntactic cues (syntactic bootstrapping) to learn words (O’Hara &
Johnston, 1997; van der Lely, 1994). This explanation is supported by
the �nding that the same G-SLI child, like many SLI children (Leonard,
1998), can produce and accept both the correct form (e.g., fell) and
incorrect forms (fall, falled) in similar syntactic contexts (van der Lely,
1997a, b, 1998; van der Lely & Ullman, 1996). These errors suggest that
G-SLI children store the past tense forms of irregular verbs but that the
blocking mechanism, which normally prevents a regular in�ection being
af�xed to a stem (Marcus et al., 1992) is not functioning appropriately.
Further investigation of this possibility is warranted.

The differences in the production of regular forms found between the
G-SLI children and the control children provide further support for the
grammar-speci�c de�cit account, whereby G-SLI children are impaired in
the grammatical computations underlying the -ed suf�xation rule, so that
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they tend to memorise regular as well as irregular past tense forms.
Therefore, according to this view, lexical-associative properties should
affect the G-SLI children’s performance for regular and irregular
formation. Consistent with this prediction was the signi�cant effect of
frequency on regular verbs, even when stem frequency was controlled for,
found for the G-SLI children but not the control children. In addition, the
absence of a regularity advantage for the G-SLI children, in contrast to the
LA controls provides further support for the grammar-speci�c de�cit
account. However, although the difference between the G-SLI children’s
production of regular and irregular forms was not signi�cant, there was a
trend for more regular than irregular forms to be produced for high
frequency (but not low frequency) known verbs and the regular and
irregular novel verbs (see Tables 3 and 4). Furthermore, the question arises
as to why the G-SLI children make any over-regularisations, if they are
impaired in regular rule formation.

There are several factors that may contribute to an explanation of these
�ndings. First, if G-SLI children are primarily memorising regular forms as
indicated by the results, then the high token frequency of regular verbs
could be contributing to the G-SLI children’s performance, whereas it does
not appear to be doing so to any great extent in normally developing
children. The effect of frequency on regularly in�ected verbs and nouns for
children with SLI but not for normally developing children is a consistent
�nding in the literature (Leonard, 1998; Marchman et al., 1999; Oetting &
Horohov, 1997; Oetting & Rice, 1993; Ullman & Gopnik, 1994, 1999).
Moreover, if frequency is the cause of G-SLI children’s pattern of use of
regular forms and this is independent of the ‘‘normal’’ factors determining
the default form, then we would expect that in languages where the default
form is not the most frequent form, G-SLI children should incorrectly
select the most frequent form, regardless of its morpho-syntactic proper-
ties. The atypical selection of the most frequent plural -en as the default
form by German children with SLI but not by normally developing
children (Bartke, 1998; Clahsen et al., 1992; Marcus et al., 1995), lends
further support for the view that SLI children and normally developing
children are using a different basis on which to form regular in�ections.
Thus, there is cross-linguistic evidence to suggest that, in contrast to
normally developing children, frequency is largely determining the default
in�ectional form for children with SLI.

Second, productivity within the associative memory system (Xu &
Pinker, 1995), although relatively limited, can account for the over-
regularisations of irregular verbs. The poor ability of our children with
G-SLI to overgeneralise to novel words is consistent with the resistance of
associative models to overgeneralise to novel inputs, particularly when
they do not sound like known forms (Prasada & Pinker, 1993).
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A third possible explanation for the G-SLI children’s performance is that
the grammatical mechanism thought to underlie the regular rule formation
is ‘‘impaired’’ rather than missing (cf. Ullman & Gopnik, 1994, 1999). In
other words, the rule per se is not missing, but the implementation of the
rule is impaired. This view concurs with van der Lely’s ‘‘Representational
De�cit in Dependent Relations’’ (RDDR) hypothesis which contends that
G-SLI children’s syntactic de�cits are caused by a de�cit in the
computational grammatical system such that grammatical-structural rules,
by de�nition obligatory in normal grammar, are optional in G-SLI grammar
(see van der Lely, 1998). Thus, grammatical rules may function to a limited
extent and facilitate to some minor degree the formation of regular past
tense forms. Furthermore, it is evident that G-SLI children have
considerable knowledge of the in�ectional rule system generally, as they
rarely produce in�ected forms in appropriate contexts (Bishop, 1994;
Leonard, 1998; Rice & Wexler, 1996). However, impaired rule functioning
may cause G-SLI children to store regular forms like irregular forms and
primarily rely on their associative memory system for producing known
regular forms and even overgeneralising regular forms. This position may
be contrasted with the missing rule hypothesis put forward by Gopnik and
Crago (1991) to account for the regular and irregular production of real and
novel verbs from the KE family of whom half suffer from SLI.

Finally, the effect of therapy, in which the regular rule is explicitly
taught, may also contribute to the G-SLI children’s tendency to produce
more regularisations than irregularisations, especially in older children
with SLI who have undergone years of intensive remedial training. A
meta-linguistic rule, learned years after it is generally acquired in normally
developing children may not re�ect the same underlying mechanisms and
representations as when it is learned ‘‘on-time’’. Further investigations
which encompass derivational as well as in�ectional morphology are
required to distinguish whether G-SLI children’s rule system is impaired or
missing. In either case, it appears from these data that in functional terms
their regular morphological system is qualitatively different from that of
normally developing children.

In conclusion the predictions of the grammar-speci�c account are largely
con�rmed in this experiment. The grammar-speci�c de�cit along with the
underlying framework to this account provides a parsimonious and
comprehensive explanation of the contrasting patterns of performance
found for G-SLI children and younger normally developing children.

Conclusion

The hypothesised grammar-speci�c de�cit/dual mechanism model was
found to explain the regular and irregular past tense production of
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normally developing and G-SLI children. In contrast to normally
developing children, G-SLI children showed a consistent effect of past
tense frequency for regular verbs, independent of stem frequency and
produced regular and irregular forms at a similar rate. All of the groups
showed effects of frequency and phonological characteristics in irregular
past tense production. Moreover, the G-SLI children’s performance on
regular verbs was qualitatively different from that of the LA control
groups, in particular the vocabulary control groups. The LA controls
showed a consistent regularity advantage for real and novel verbs. The
input-processing de�cit account cannot account for this qualitative
difference between the G-SLI children and the vocabulary control children
in overall performance on regular and irregular past tense forms. The
�ndings con�ict with the predictions of the input-processing account, and
the theoretical framework underlying this account which posits that the
development of in�ectional morphology is determined by vocabulary
development and processing (Elman et al., 1996; Leonard, 1998; March-
man et al., 1999; Tallal et al., 1996). Conversely, the grammar-speci�c
de�cit/dual system account of past tense morphology provides a
parsimonious explanation for both �ndings from G-SLI children and
normally developing children. In addition, the �ndings from this study for
G-SLI children, such as the frequency effects, the large number of
unmarked forms, and similar performance on regular and irregular past
tense verbs, generally concur with the �ndings from many studies of
younger and older children with SLI (Bishop, 1994; Oetting & Horohov,
1997; Oetting & Rice, 1993; Leonard, 1998; Marchman & Weismer, 1994;
Ullman & Gopnik, 1994, 1999; Vargha-Khadem et al., 1995). The fact that
such similarities are found between these different studies, although some
of the other children with SLI have co-occurring speech or more general
auditory or cognitive de�cits, questions whether such co-occurring de�cits
explain their language impairments, such as those found in in�ectional
morphology. Thus, contrary to some views of SLI (Elman et al., 1996,
Joanisse & Seidenberg, 1998b) it appears that more general de�cits do not
have a signi�cant effect on the nature of grammatical de�cits as the same
grammatical de�cits are found in children without co-occurring impair-
ments.

This study along with previous �ndings for G-SLI (van der Lely &
Christian, 2000) indicates that their de�cit affects mechanisms and/or
representations underlying regularly in�ected words as well as syntactic
structures (van der Lely, 1994, 1996a, b, 1998; van der Lely & Stollwerck,
1997). The data provide further support for the view that G-SLI children
are defective in forming and/or computing a grammatical rule for regular
in�ection that requires an abstract representation of the verb stem and past
tense af�x (cf. Gopnik & Crago, 1991; Ullman & Gopnik, 1994, 1999).
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However, in this paper we advocate an impaired, rather than a missing,
rule system. Moreover, while this impairment may account for the �ndings,
there is likely to be more than one source for this de�cit. One may involve
the morphological ability to identify a verb stem and apply the -ed
suf�xation rule. (Gopnik & Crago, 1991; Ullman & Gopnik, 1994, 1999). In
addition, grammatical knowledge may facilitate lexical links between
morphological variants of the same word and facilitate vocabulary
development through the use of syntactic cues (van der Lely, 1994; van
der Lely & Christian, 2000). Such lexical morpho-grammatical links may
be particularly important in facilitating the decrease in over-regularisations
of irregular words in development. Another source for the impairment
may be in the phonological representations of words. Phonological
‘‘knowledge’’ and the ability to form a detailed phonological representa-
tion of a word’s structure may provide the distinction between a stem and
its af�x. For example, the novel word [pri:kt] (like streaked) could only be
an in�ected form of the word [pri:k] because there are no comparable
mono-morphemic forms which end in [–i:kt] (Harris, 1994). Thirdly, the
ability to form appropriate syntactic relationships between constituents in
the sentence is needed to determine when a tense marker must be
obligatorily used. Thus, a grammatical de�cit may impinge on all of these
levels of grammar and may contribute to the G-SLI children’s pattern of
performance in different ways.

Finally, the �ndings from this study of children developing normally and
children with grammatical de�cits provide a valuable source of data that
need to be accounted for in further developments of models of the past
tense in�ectional system.
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APPENDIX A cont’d.

Language tests Non-language

Bus story Action picture test BAS: IQ

Sentence Sub- Visual
G-SLI Info. length clause Info Grammar performance
subject (age) (age) (age) (age) (age) score

JW 28(6:1) 14(8:2) 2(4:8) 34(6:9) 23(5:3) 105
WL 23(5:1) 10(6:4) 1(4:2) 26.5(4:2) 20(4:3) 115
JS 29(6:4) 11(6:10) 1(4:2) 33.5(6:6) 26(6:3) 90
AZ 42(5:3) 13(7:10) 2(4:8) 28(4:8) 20(4:3) 119
RJ 27(5:10) 8(4:7) 1(4:2) 34.5(7:0) 22(5:0) 110
AZ 22(4:11) 11(6:10) 1(4:2) 34.5(7:0) 25(6:0) 105
CT 33(7:4) 12(7:4) 2(4:8) 38(8:5) 24(5:9) 86
SB 20(4:7) 12(7:4) 3(5:10) 35.5(7:6) 23(5:3) 92
AT 29(6:4) 11(6:10) 1(4:2) 34.5(7:0) 26(6:3) 90
BS 30(6:7) 11(6:10) 2(4:8) 35(7:3) 26(6:3) 99
AW 25(5:5) 9(5:7) 2(4:8) 35(7:3) 25(6:0) 92
MP 32(7:1) 9(5:7) 1(4:2) 35(7:3) 28(6:9) 86

Action Picture Test/Bus Story (Renfrew, 1988, 1991): Info, information score; sub-clause,
number of subordinate clauses; age, equivalent age score; BAS, British Ability Scales.
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APPENDIX B1

Individual verb stems and past tense forms for regular and irregular verbs, together with their
past tense frequencies (raw frequencies augmented by 1 and then ln-transformed), and the
complement/adjuncts used in sentences for their presentation.

Verb
Past tense
form

Past
tense freq
COBUILD

Verb
complement/
Adjunct

Regular verbs
High frequency slam slammed 3.6 my door

cross crossed 5.1 Oxford Street
rush rushed 4.4 over there
rob robbed 3.1 a bank
drop dropped 5.6 my brush
look looked 7.5 at Susan
stir stirred 4.0 my soup
soar soared 2.5 over this

Mean 4.5
SD 1.6

Range 2.5–7.5

Low frequency scowl scowled 2.3 at Joe
tug tugged 2.9 at it
�ush �ushed 3.9 the toilet
mar marred 2.1 its beauty
chop chopped 3.7 some garlic
�ap �apped 2.6 my wings
stalk stalked 2.7 a rabbit
scour scoured 2.1 my pan

Mean 2.8
SD .7

Range 2.1–3.9

Irregular verbs
High frequency make made 8.2 my lunch

give gave 7.2 away money
think thought 7.2 about you
stand stood 6.7 over here
keep kept 6.6 my food
drive drove 5.0 a car
send sent 6.3 a letter

Mean 6.7
SD 1.0

Range 5.0–8.2

Low frequency swim swam 5.0 a mile
dig dug 4.7 a hole
swing swung 4.4 my bat
wring wrung 0.0 my towel
grind ground 2.9 the corn
bend bent 4.0 a spoon
bite bit 4.2 my tongue
feed fed 4.5 her cat

Mean 3.7
SD 1.9

Range 0–5.0
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APPENDIX B2

Individual novel verb stems and expected regularised and plausible irregularised past tense
forms, together with the complements/adjuncts used in sentences for their presentation.

Verb stem

Expected
regularised
past tense form

Plausible
irregularised
past tense form

Verb
complement/
adjunct

Novel regulars
spuff spuffed spaff for TV
dotch dotched doach your car
stoff stoffed stoaf my room
cug cugged cogue more furniture
trab trabbed trub a paper
crog crogged crug with John
vask vasked vosk a ring
brop bropped brap his jacket
satch satched sotch around water
grush grushed grash near Eric
plam plammed plome my leg
scur scurred skeer a bean

Novel irregulars
strink strinked strunk a horse
frink frinked frunk over dinner
strise strised strose for them
crive crived crove a lot
shrell shrelled shrelt with Chris
vurn vurned vurnt about London
steeze steezed stoze my watch
shrim shrimmed shram at home
cleed cleeded cled very well
scrit scritted scrat for Steve
ret retted rit around here
sheel sheeled shelt among them
blide blided blid with her
prend prended prent a mouse
shreep shreeped shrept my friend
drite drited drit a �eld
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APPENDIX C

Stem Familiarity Rating Task

Procedure: The subjects were tested individually in a quiet room, and were seated opposite
the examiner. A card with �ve bars of increasing size was placed on the table in front of the
child. A card with codes (0–4) corresponding to the bars was placed parallel to the bars in
front of the examiner. The experimenter spoke the following instructions: ‘‘I am going to read
you some words and ask you to tell me how many people you think might say each word. The
word is going to be in a sentence. I will read each sentence out loud, and then ask you to show
me on this picture how many people you think might say the word.’’ The experimenter then
pointed to the appropriate bar while saying ‘‘This one means almost nobody says the word;
this one means very few people; this one means some people here is quite a lot of people; and
this one means lots and lots of people.’’ Three demonstrations were given: ‘‘So, for example,
‘Every day I go to school.’ The verb was stressed and repeated after the �rst one or two
practice sentences was repeated in isolation to ensure that the child judged the verb and not
the whole sentence. ‘‘Go, I think lots and lots of people might say that word. I’ve heard it a lot
of times before. Have you?’’ The experimenter then pointed to bar 4, the tallest bar. ‘‘What
about ‘Every day I weep over her’? Weep, I think quite a lot of people might say that word.’’
The experimenter then pointed to tower 3. ‘‘What about ‘Every day I prame quite well’? Oh, I
haven’t heard that word much at all. I’d say only very few people might say that one.’’ The
experimenter then pointed to bar 1, the shortest bar. Two practice items were then
administered: The experimenter said ‘‘ ‘Every day I scrig over there.’ How many people might
say that word? ‘Every day I play in the park.’ How many people might say that word?’’ When
the experimenter was reasonably con�dent that the child understood the task indicated by
him/her pointing to appropriate bars for two practice items, the test sentences were
administered. The set of 60 verbs was pseudo-randomised using the same criteria as were used
in the production task. All subjects received the same item presentation order.


