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Abstract

Children with Developmental Language Disorder (DLD) have been shown to struggle
with the acquisition of complex structures requiring structural embedding and
movement of a sentential element from its original position. This study examines the
production of subject and object relative clauses (RCs) by Italian children,
investigating whether: 1) seven-year-old children with DLD are impaired in embedding
or movement operations; ii) specific factors, such as animacy of the arguments, affect
the production of sentences with movement and embedding, iii) the linguistic profile
of children with DLD is qualitatively different from that of typically developing (TD)
children. We elicited the production of RCs with animate and inanimate arguments in
12 Italian-speaking children with DLD (mean age = 7;2) and in two TD control groups:
age matched (AM) and language matched (LM). Children with DLD produced fewer
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RCs than either control group and made different errors, showing a slightly different
developmental path. Animacy mismatch did not improve RC production in any group.
Results suggest that seven-year-old children with DLD are in a transitional stage: they
can use embedding but still have difficulties with movement operations, especially in
object RCs. This indicates that the language competence of children with DLD
improves with age, but long-distance dependencies continue to be challenging.

Keywords: Developmental Language Disorder, movement, embedding, relative
clause, language development

1. Introduction

It has been reported that children with Developmental Language Disorder (DLD) face
severe challenges in the production of complex syntactic structures requiring structural
embedding and movement of a sentential element from its original position. This has
been widely demonstrated in the case of A movement operations, e.g. passive
structures (Leonard et al. 2003; Leonard et al. 2006; Riches 2013, a.0.), and A’
movement operations, e.g. wh-questions (Stavrakaki 2006; Hamann 2006; Jakubowicz
2011; Arosio & Guasti 2019; Abu Bakar et al. 2022; a.o), as well as relative clauses
(Hékansson & Hansson 2000; Stavrakaki 2002; Novogrodsky & Friedmann 2006;
Contemori & Garaffa 2010; De Lopez et al. 2014; Rakhlin et al. 2016; Wada et al.
2020; Wang & Yu 2021; 2022; a.o.)

In the literature, we find different models accounting for the grammatical
deficit of children with DLD and for their pattern of development of complex syntactic
structures. Although several accounts are available in the literature (Linearly-driven
parsing by Cromer, 1978; Relativized-minimality by Friedmann, Belletti & Rizzi,
2009; Working memory by Archibald, 2017; a.0.), in this paper we will concentrate
only on two explanatory models: the hierarchical complex structures model and the
deficit of thematic role assignment model. The former considers the deficit as a
structural problem due to an inability to construct hierarchical complex structures; the
latter considers the deficit as a difficulty in handling long-distance dependencies
involved in syntactic movement and assigning thematic roles to moved constituents in
long-distance configurations. The hierarchical complex structure model (advocated by
Hakansson & Hansson 2000; Schuele & Tolbert 2001; Contemori & Garaffa 2010)
claims that hierarchical structural complexity represents a challenge for children with
DLD, who appear to be unable to build a syntactic tree to its highest node, the CP
node. The deficit of thematic role assignment approach (van der Lely 1998; Stavrakaki
2002; Novodrosky & Friedmann 2006) holds that the deficit is due to the optionality
of the principle forcing movement or to the inability to transfer the thematic role to the
moved element.

In this respect, an ideal construction to test the validity of the two models
outlined above — in terms of developmental phases in acquisition — is the relative
clause (RC) construction. An RC is a subordinate structure obtained by syntactic
movement. If the hypothesis in hierarchical structure building is right, children with
DLD should be unable to produce embedded structures, resorting to declarative
clauses or structures in which subordination is avoided (e.g. coordination,
juxtaposition of clauses). Conversely, if the proposal focusing exclusively on syntactic
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movement is on the right track, children with DLD should adopt strategies to avoid
movement operations, displaying errors in thematic role assignment.

The analysis of RC production in children with DLD must be conducted in
parallel with the analysis of RC production in the unimpaired population, and consider
the different developmental stages involved in its acquisition. This consideration
brings us to a second theoretical issue closely related to the first one, namely what
developmental pattern children with DLD exhibit. The data presented and discussed
in the literature seem to fall into two main approaches. Some researchers (e.g.,
Hakansson & Hansson 2000; Stavrakaki 2002; van der Lely & Battell 2003;
Contemori & Garaffa 2010; Rakhlin et al. 2016) present evidence for a qualitatively
deviant pattern of linguistic development not assimilated to any of the stages
characterizing the linguistic development of Typically Developing (TD) children,
Other studies, however, (e.g., Rice, Wexler & Cleave 1995; Novogrodsky &
Friedmann 2006; De Lopez et al. 2014; Wada et al. 2020; Wang & Yu 2021) go in a
different direction by offering evidence of a quantitative diversity in developmental
pattern, arguing that children with DLD progress through the same developmental
stages as their TD peers, albeit with some delay.

Before getting to our experimental study and taking a stand on such crucial
issues, we will briefly review some research on the production of relative clauses in
children with DLD and in TD children.

2. Previous Findings in TD children and children with DLD

We will first review the literature on the acquisition of relative clauses in TD
children. A uniform result reported by all investigations is the marked asymmetry
observed crosslinguistically at all ages in the comprehension and production of subject
and object RCs (Adams 1990; Guasti & Cardinaletti 2003; Arosio, Adani & Guasti
2009; Adani 2010; Belletti & Contemori 2010; Contemori & Garaffa 2010; Costa,
Lobo & Silva 2011; Courtney 2006; Guasti, Stavrakaki & Arosio 2012; Belletti et al.
2012; Gavarro et al. 2012; Gutierrez-Mangado & Ezeizabarrena 2012; Kwon et al.
2013; Bentea, Durrleman & Rizzi 2016; Lau & Tanaka 2021; a.m.0.). Focusing on
Italian, while children understand and produce subject RCs by the age of 3, they still
experience difficulties in the comprehension and production of object RCs at the age
of 9. Belletti & Contemori (2010) showed that 3- to 5-year-old children resort to
various simplification strategies while trying to cope with the difficulties posed by
object RCs. They turn them into subject RCs, as in (1), either by reversing the thematic
roles of the arguments, as in (2a), or by changing the relative head of the construction
as in (2b). Occasionally, as shown by Guasti & Cardinaletti (2003), young TD children
produce object RCs with a resumptive pronoun, as in (2c), or resumptive full DPs as
in (2d).

(1) Il bambin-o che l-a signor-a pettin-a.
the.M.SG child-M.sG  that the-F.SG lady-F.SG = comb-PRS.3SG
‘The child that the woman combs.’

(2)a. 1l bambin-o che pettin-a l-a signor-a.
the.M.SG  child-M.sSG that comb-PRS.3SG  the-F.SG lady-F.SG
‘The child that combs the woman.’
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b. L-a signor-a che pettin-a il bambin-o.
the-F.sG lady-F.SG who comb-PRS.3SG the.M.SG child-M.SG
‘The woman that combs the child.’

c. 1l bambino che la signor-a l-o0 pettina.
the-M.SG kid-M.SG that the-F.SG lady-F.SG it-MSG comb-PRS.3SG
lit. “The child that the woman combs him.’

d 1 bambin-o che la signor-a pettin-a
the.M.SG kid-M.SG that the.F.SG lady-F.SG comb-PRS.3SG
il bambino.
the.M.SG kid-M.SG

lit.‘The child that the woman combs the child.’

From the age of 5 / 6 years, children resort to a different strategy, namely
passive RCs (Belletti & Contemori 2010), again turning an object RC into a subject
RC by means of passivization, as in (3).

3) Il bambin-o che ¢ pettin-ato da=lla  signor-a.
the.M.SG kid-M.SG  that be.PRS.3SG comb-PTCP.M.SG by=the lady-F.SG
“The child that is combed by the woman.’

Various studies have shown that the difficulty children display with object relatives
may be alleviated by the manipulation of phi-features with a semantic role associated
with the +N (lexical N feature) shared between the head of the chain (object) and the
intervener (subject) (see Relativized Minimality account in Friedmann, Belletti &
Rizzi, 2009; Rizzi 1990, 2004, a.0.). In this regard, Guasti et al. (2012) found that
object relative clauses with an inanimate head (‘I’aereo che il bambino lava’, the plane
that the child is washing) are easier than those with an animate head (‘il bambino che
la mamma lava’, the child that the mother is washing) at the age of 5, but not at the
age of 9. Similar results have also been found in Arosio et al. (2011) for 9-year-old
Italian-speaking children, and in Bentea et al. (2016) for French-speaking children
over 6 years of age. The facilitatory effect can be attributed to the fact that object RCs
with an inanimate head are more frequent in the input, as pointed out in Adani,
Stegenwallner-Schutz & Nielsen (2017) (see also reference cited there). These authors
also showed that animacy facilitates comprehension of object RCs in 3-year-old
German-speaking children, but it is not relevant for older children (from 5 years old
onwards). In line with this last result, some authors detect no effect for a mismatch in
animacy in French-speaking children aged 4;8 to 6;3 (Durrleman & Bentea 2021) and
in French-speaking children from 3 to 8 years old (Martini 2019). More needs to be
understood about the impact of the animacy feature. In summary, the development of
RCs in TD children displays a marked subject-object asymmetry. RC extraction from
the object position is especially challenging and gives rise to various types of errors.
Several studies have been carried out on the comprehension and production of
relative constructions in the DLD population. Since our work concentrates on
production, we shall briefly review some of the cross-linguistic literature on the
production of RCs in children with DLD. Among the studies whose results confirm
the hypothesis of a structural deficit in the building of embedded sentences by children
with DLD, we find the work by Hékansson & Hansson (2000). In their longitudinal
study on the production and comprehension of RCs in pre-school 5-year-old language
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impaired children and unimpaired 3;5-year-old Swedish children, they found that
children with DLD had severe difficulties with relativization. This was shown by an
apparent omission of the relative complementizer and by the insertion of a dummy
place holder or filler in place of the complementizer; in this study children occasionally
produced coordinated structures rather than RCs. Children participating in his study
were tested twice on RC production; at time II, six months after the first interview,
Hékansson & Hansson observed the appearance of the complementizer in the
production of RCs. They accounted for this change in terms of a reorganization process
in the children’s grammar leading to the generation of a hierarchical relationship
between clauses. A similar result was obtained in a study by Contemori & Garaffa
(2010) on the comprehension and production of RCs by four Italian-speaking children
with DLD aged 5;1 and two groups of four TD children (TD-1 mean age=4;9 and TD-
2 mean age=3;8). Unimpaired children avoided producing the more complex object
RCs by resorting to different rescue strategies, mentioned above. By contrast, the DLD
group either produced no responses or produced declaratives in place of either subject
or object RCs, thus featuring omission of the complementizer and avoidance of
subordination. The results were taken as evidence of the children's inability to
construct any kind of RC and as an indication of the absence of the CP layer in the
DLD children’s grammar.

According to the alternative proposal presented above, the deficit in producing
RCs is rather connected with movement operations and thematic role assignment to
moved constituents in children with DLD. This proposal is supported, among others,
by Stavrakaki (2002), Novodrosky & Friedmann (2006) and De Lopez et al. (2014).
Stavrakaki (2002) tested the production of RCs in a group of 8-year-old Greek-
speaking children with DLD and a group of TD Greek-speaking children. The children
with DLD performed significantly lower than TD children; they produced significantly
more declaratives and made a variety of errors. All the strategies children with DLD
resorted to in their attempt to produce RC constructions have been interpreted as a
specific impairment in the syntactic procedures involving movement and in the
verification of formal features, such as morphological case. Novodrosky & Friedmann
(2006) compared the production of RCs in 12-year-old Hebrew-speaking children with
DLD (aged 9;3 to 14;6) and controls (aged 7;6 to 11). The children with DLD
displayed difficulties in RC production, especially in that of object RCs. In the attempt
to produce these structures DLD children resorted to a variety of strategies: they made
thematic role reversal errors, transforming an object RC into a subject RC; they tried
to reduce the number of arguments in the sentence by using reflexives, by producing
object RCs with impersonal subjects or passive subject RCs; they produced relative
head doubling and simple sentences. Crucially, children participating in this study
never omitted the complementizer nor produced structural errors. The deficit exhibited
by the group with DLD was, therefore, accounted for as an inability to transfer
thematic roles to moved constituents in non-canonical sentences obtained through
movement, rather than to a deficit in accessing the high nodes of the syntactic tree. In
this line of thinking, it is often claimed that children with DLD compensate for their
difficulties with syntactic operations via lexical-semantic knowledge (van Der Lely &
Battell 2003). De Lopez et al. (2014) investigated the comprehension and production
of subject and object relative clauses in three groups of Danish-speaking children:
those with DLD (mean age = 6;3 y.o.), language matched (LM) TD children (mean
age = 6;4 y.o.) and age matched (AM) TD children (mean age = 6;3 y.o.). All children
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performed better on RC comprehension than on RC production, and better on subject
RCs than object RCs. Children with DLD produced fewer target relative clauses than
the TD groups and various alternative strategies, such as passive object relatives.
Moreover, they produced different types of errors with respect to their TD peers, such
as more thematic role-reversal errors. According to the authors these results suggest
that children with DLD are in a previous developmental stage than their TD peers and
that their grammatical knowledge is delayed, but these differences are not attributable
to problems in reorganizing the structure of subordinate clauses, since the children
with DLD did not differ from the TD children in the type or number of
complementizers they produced.

The two theories outlined above suggest different sources of syntactic
impairment in children with DLD: structural versus movement-dependent. However,
they are supported by studies that share a common, potentially misleading, feature: the
studies supporting the view of a structural building deficit tested a young population
of children with DLD (mean age=5;0 years), whereas the studies supporting the view
of a movement-connected impairment concentrated on older children (ranging from 6
to 12 years). Since children with DLD develop, it is possible that the deficit is
expressed differently at different ages. If this is correct, we should find a transition
period in which we can observe difficulties with both structure building and
movement.

3. Rationale of the study

In the light of the results obtained by previous studies, the present work aims at
filling the gap in the literature by comparing the production of RCs in children with
DLD to that of two control groups matched for chronological age and for language
age. The present study focuses on children with DLD who are older than the children
tested in studies supporting the structural deficit theory, but younger than those tested
in some studies supporting the movement deficit theory. In addition, the study is
carried out with Italian children and thus can be compared to Contemori & Garaffa
(2010), who examined the production of younger children with DLD. In doing so, it
adds new evidence that can contribute to the understanding of language impairments
across languages.

Given previous literature and considering the age of the children with DLD
interviewed, we expect children with DLD participating in our study to be able to cope
with syntactic structure building up to its CP node, although they may still resort to
structures without embedding. We also expect them to fall behind in the production of
relative clauses with respect to chronological age matched children. They may also
respond less accurately than language matched children. In addition, if children with
DLD compensate with lexical-semantic knowledge, they should be better with relative
clauses with inanimate objects (for a review on feature dissimilarities between the head
and the intervener and on their nature — morphosyntactic, semantic, phonological — see
Bentea, Durrleman & Rizzi 2016).!

1 From Bentea, Durrleman & Rizzi (2016:34) “A less selective perspective to the
identification of features favoring the resolution of A’-dependencies is adopted by the so-
called “similarity-based” approach to interference[...], according to which any featural
dissimilarity between the target and the intervener is of help (i.e. dissimilarity not just in
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4. The study
4.1. Participants

We recruited 36 monolingual Italian-speaking children as participants. One group of
twelve children (2 females) met the criteria for DLD (mean age=7;2 years, SD=8
months; range=>5;8-8;3). One group of 12 TD children were the same chronological
age, and served as age controls while one group of 12 younger TD children were the
same linguistic age and served as language controls. All the children were
administered an RC elicitation task, the standardized receptive grammar test TCGB
(Chilosi, Cipriani, Giorgi, Fazzi & Pfanner 1995), the standardized receptive
vocabulary test PPVT (Dunn, L.M. & Dunn L.M. Italian version by Stella, Pizzioli &
Tressoldi 2000) and the standardized Raven’s Coloured Progressive Matrices test
(Raven, Court, & Raven 1998; Belacchi, Scalisi, Cannoni & Cornoldi 2008). The
TCGB is a standardized test evaluating grammatical comprehension using a picture
selection task. It evaluates the comprehension of simple sentences including transitive
active constructions, locative prepositional phrases, negation, and some complex
sentences such as those containing a few relative clauses and passive constructions.
The children with DLD had been referred to speech centers because of
difficulty with oral language and had been diagnosed based on standard inclusion and
exclusion criteria by an expert clinician (ICD-10; World Health Organization 1992).
All the children scored within the normal range on the standardized intelligence test
(nonverbal 1Q > 85; Colored progressive Matrices; Raven 1998). To be included in
the study, each child with DLD had to score 1.5 SD below the mean for his/her age on
two linguistic tests (TCGB: receptive syntax or PPVT: receptive vocabulary) or 2 SD
below the mean on one of the two tests. A group of 12 TD monolingual Italian-
speaking children matched for chronological age and gender (mean age = 7;2 years,
SD =9 months; range = 5;9-8;2) participated in the study as age matched controls and
a group of 12 TD children matched for gender and language ability based on their
TCGB score (mean age = 5;5, SD = 7 months; range = 3;9-6;2) participated in the
study as language matched controls. The age matched (AM) children were within 3
months of age of a child in the DLD group; language matched (LM) controls were
each within +4 point scores on the TCGB of a child in the DLD group. All children in
the control groups were developing language in a typical fashion, based on teacher and
parent reports. T-tests revealed no significant differences between children with DLD
and AM control children in age (t (20) = -0.20, p = 0.83). Moreover, children with
DLD and LM children did not differ in the scores on the TCGB (t (29)-0.19, p =
0.85)).2 Table 1 summarizes these pieces of information about the populations.

morphosyntactically relevant features, but also in purely semantic, or purely phonological
features; see Belletti et al. (2012) for discussion). In that approach, animacy impacts
performance because it acts as a semantic cue and therefore facilitates theta-role assignment,
quite irrespective of the structural realization and role of the feature.”

2 The two groups did not differ in their scores on PPVT either (t(20)=0.11, p=0.91).
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Table 1. Mean age (SDs) in months, means of raw scores (SDs) and Z scores (SDs) on the
PPVT and TCGB. Means of raw scores (SDs) on the Raven’s test of children with DLD and
their TD controls.

AGE PPVT PPVT TCGB TCGB Raven
in months raw score Z score raw score Z score raw score
mean mean mean mean Mean mean
(SD) (SD) (SD) (SD) (SD) (SD)
DLD 85.83 75.50 -1.28 13.38 -3.70 21.75
(8.78) (25.04) (1.00) (5.85) (2.10) (4.53)
AM 86.58 109.92 0.27 3.92 -0.21 25.67
(9.59) (19.99) (0.85) (4.26) (0.89) (7.93)
LM 65.83 73.25 -0.23 14.04 0.03 17.91
(7.29) (18.20) (0.66) (6.57) (0.49) (3.98)

The testing of children with DLD took place at the speech rehabilitation centers
where they were under treatment, while control participants were tested at their
school.® Testing was performed by a trained researcher. Informed consent prior to
testing was obtained from the children’s parents. Parents, teachers, educators and
speech and language therapists have been informed of the results of the study during
dedicated meetings. The study was approved by the Ethics committee of the University
of Milano-Bicocca according to the standards of the Helsinki Declaration (1964).

4.2. Materials and methods

Data were gathered by using an elicitation task modelled after Hamburger and Crain
(1982) with the exception that the story was video recorded, told by a female voice
and presented through a portable computer. The task was administered by an
experimenter who manipulated a blindfolded puppet. In each story in the videos, one
assistant manipulated two identical characters or objects that differed by an action they
carried out or in which they were involved as patients. After each child watched the
story, the assistant in the video pointed to one of the two characters or objects and
asked the child what s/he would say to the blindfolded puppet if s/he wanted him to
touch one of the two characters or objects. We elicited 12 subject and 12 object RCs.
In each set, 6 RCs included two animate NPs and 6 included an animate NP subject
and an inanimate NP object. For RCs with two animate NPs, we had one NP singular
and one plural so that only one agreed with the verb and the sentence was not
ambiguous in Italian. Number on the NPs was counterbalanced. For object RCs with
inanimate objects, this manipulation was not necessary, as disambiguation was
ensured by the pragmatic context (the only exception being items 8 and 20, where the
sentences contained a plural object “flowers”, which is more natural in the context of
watering, see Appendix). The complete list of elicited RCs is in the Appendix. The

3 Children with DLD were additionally tested in Arosio’s et al. (2014) on a clitic
production task; 11/12 children had a score on target productions <75% which identifies DLD
children with 94% sensitivity and 87% specificity. This additional measure suggests severe
morphosyntactic production problems in the DLD participants.
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children’s responses were transcribed on site on a sheet by one experimenter and tape
recorded for a further check by another experimenter.

4.3. Scoring, reliability, and error coding

All the material was scored by one experimenter and checked by a second one. Any
disagreement was resolved by discussion. Children’s responses were first scored for
correctness. There were two types of correct RCs. One type consisted in the production
of an RC respecting the target thematic structure and featuring embedding. A second
type was a reduced RC, which we considered a simplified structure. In the first type,
different simplifications or manipulations were observed, however. Starting from the
target subject RC in (4a) and target object RC in (4b), we classified the correct
responses as in (5).

4) al delfin-i che tir-ano ’anatra. (Target Subject RC)
The.m.pL dolphin-m.pL that pull-PRs.3PL  the=duck.sSG
“The dolphins that pull the duck.’
b. L’asin-0 che i cani lav-ano. (Target Object RC)
the=donkey-Mm.sG that the-mpL dog-PL wash- PRS.3PL
‘The donkey that the dogs wash.’

(5) Classification of children’s correct responses:
a. Target responses: the expected responses, as in (4).*

b. Reduced head responses: the relative head was reduced and expressed by a
demonstrative pronoun (e.g., quelli che tirano [’anatra (the ones that pull the
duck)).

c. Passive RC responses: the verb in the RC was passivized and the object RC
was turned into a subject RC. The auxiliary “be” was used most of the time,
but also “venire” (to get) was used, and in some cases a passive causative, were
employed (e.g., NP si fa lavare da NP (NP gets himself washed by NP)). The
passive RC featured the presence of the by-phrase, most of the time (e.g.,

4 Target responses included sentences as in (4), as well as a few object RCs in which
the object was also expressed by a resumptive pronoun in the embedded clause, as in (i), or
the object relative head was doubled, as in (ii).

(i) L’asin-0 che i can-i  lo lav-ano
The=donkey-sG that the.M.PL dog-PL it-M.SG wash- PRS.3PL

(i1) L’asin-0 che i cani  lav-ano I’asino
the.donkey-sG that the.Mm.PL dog.PL wash- PRS.3PL the=donkey-SG

Sentence (i) is found in sub-standard varieties and in colloquial Italian. We decided to include
sentences (i) and (ii) in the target category, as they feature the formation of an RC and the
target structure is correctly expressed. In addition, there were very few instances of these
sentences and even by removing them from the target category the results of the analyses did
not change (one instance of sentence (i) in the DLD group, five in the LM group; two instances
of (ii) in the DLD group, one in the LM group).
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[’asino che é/viene lavato dai cani (the donkey that is/gets washed by the
dogs)). Passive RCs were only used when an object RC was elicited.

Object RCs with a null subject: the RC is correct and the subject is null, an
option available in Italian, as it is a null subject language (e.g., /’asino che
lavano (the donkey that (they) wash)).

Reduced object RC: this structure included a “passive” past participle verb. It
is limited to object RCs and included the by-phrase, most of the time (e.g.,
I’asino lavato dai cani (the donkey washed by the dogs)).>

In addition to the correct responses classified in (5a-e), erroneous constructions

were produced. Errors mostly occurred when object RCs were elicited. Given our goal,
we distinguished two types of errors: embedding errors and no-embedding errors, as
in (6a-b).

(6) Classification of the children’s errors:®

a.

Embedding errors: RCs with different embedding errors. Thematic role errors,
reverse head errors, intransitive RCs or ambiguous RCs. In thematic role errors,
the thematic structure was not respected, and the roles were reversed. In reverse
head errors, the thematic structure was respected, but the head of the RC was
not the target one; with this structure, the restrictive function of the RC was
disregarded. In intransitive RC errors, the children produced RCs with only one
argument where the transitive verb was replaced by an intransitive one. In

5

We decided to classify reduced object RCs as correct responses, because their

syntactic structure involves a covert relative clause (in other words embedding). Especially
when the reduced object RC expresses the by-phrase, it must contain a relative construction
and not an adjectival one (/’asino lavato dai cani/the donkey washed by the dog vs. [ ’asino

lavato/the donkey washed).

6

Here are some examples of the children’s errors reported in (6):

(iii) L’asin-0 che i can-i lav-ano (target sentence)

the.donkey-sG that the-m.pL dog-PL wash-PRS.3PL

a. L’asino che lava i cani (thematic-role)
the=donkey-sG that wash- PRS.3SG the-mMPL dog-PL

b. | can-i  che lav-ano ’asin-0 (reverse-head)
the-M.PL dog-PL that wash-PRS.3PL the=donkey-sG

c. L’asin-0 che lav-a (intransitive)
the.donkey-sG that wash- PRS.3sG

d. Gliasin-i che lav-ano i can-i (ambiguous)
the.donkey-pL that wash-PRS.3PL the.M.PL dog-PL

e. L’asin-0 (head-alone)
the=donkey-sG

f. Lav-ano i can-i (fragments)
wash-PRS.3PL  the.MPL dog-PL

g. L’asin-0 lav-a i can-i (declaratives)

the.donkey-sG wash- PRS.3sG the.M.PL dog-PL
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ambiguous RCs, the number on the arguments was changed and it was not
possible to decide whether the children produced a subject or an object RC.

b. No-embedding errors: sentences without embedding: production of the RC
head alone, sentence fragments, declarative sentences.

Given this classification, the statistical analysis of the errors was based on 2
categories: RC with embedding errors and sentences with no-embedding.

5. Results

We obtained 288 responses from each group for a total of 864 responses. Of these, 23
had to be excluded, as later inspections of the recordings showed that the experimenter
helped the child during item production. Thus, the analyses were conducted on 841
responses. Means and SDs of correct RCs with embedding (including target RCs, RCs
with a reduced head, passive subject RCs and object RCs with a null subject), means
and SDs of reduced object RCs and means and SDs of errors, as a function of sentence
type and animacy are reported in Table 2.

Table 2. Percentages and SDs of correct RCs with embedding, reduced object RCs and total
errors as a function of sentence type (subject/object) and animacy (A=animate, I=Inanimate)
in children with DLD, language matched controls (LM) and chronological age controls (AM).

CORRECT RC WITH REDUCED EMBEDDING ERRORS &

EMBEDDING OBJECT NO-EMBEDDING
RC
SUBJECT OBJECT OBJECT SUBJECT OBJECT
A | A I A I A | A I

DLD | 66 70 29 36 9 12 34 30 62 52
(48) | (46) | (46) | (48) | (29) | (33) | (48) | (46) (48) (50)

LM 90 92 62 49 6 6 10 | 8(28) 32 45
B0 | 28) | 49 | (50) | 23) | (23) | (30) @47 (50)

AM 95 97 73 80 9 6 4 3(17) 18 14
Q) | A7 | 45 | 40) | 29 | 249 | 21D 39 (34)

As shown in Table 2, both LM and AM controls produced more RCs with
embedding than children with DLD; in addition, subject RCs were more frequently
produced than object RCs and this was so regardless of whether the head was animate
or inanimate. In other words, the animacy feature did not seem to impact on children’s
production. All groups produced a small and equal number of reduced object RCs.
Notably this structure was used only when an object RC was elicited and both when
the object was animate or inanimate.

These findings are supported by statistical analyses. As the data are categorical
(accuracy), we used a mixed logit model with proportion of produced structure as
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dependent variable, Group, Sentence type and Animacy as fixed factors, and subject
and item as random factors. We ran several analyses for each of the response categories
identified in (5) and (6) and for each of them we made a preliminary analysis to
establish which fixed and/or random factor should be added to fit the model and
needed to be included (Baayen 2011). We carried out the analyses in R (R Core Team
2022). In all models we chose DLD, object RC and Animate as reference categories,
I.e., categories against which all others are compared). In all the models, the sign of
the coefficient for the fixed factors assumes a positive value when the odd probability
for the dependent variable increases relative to the reference category (DLD or object
RC). We first run an analysis on the total of correct RC responses (5a-d) with fixed
factors, Group [¥%(2) = 11.97, p<0.01] and Sentence type [¢*(1) =41.51, p<0.001],
since they contributed to the model’s fit. Animacy did not contribute to the model’s fit
and was not included (p = 0.84); likewise, the interaction between the factors was not
significant. Table 3 (Correct RC analysis) summarizes the results of the analysis of
correct RC response production (5a-d). As can be seen in Table 3, the positive
coefficients indicate that the accuracy in the production of correct RCs increases in the
two control groups relative to children with DLD. It also increases when subject RCs
are elicited relative to when object RCs are prompted. As for reduced object RC
responses (as classified in 5e), no significant effect was found.

Table 3. Summary of the analyses of correct RC, Target RC and reduced head structure
production.

Correct RC analysis (log-likelihood = - 361.3).

Predictor Coefficient SE t-test p

(Intercept) -1.58 0.60 -2.61 <0.001

Group (ref. Cat.=DLD)

Group = AM 3.04 0.86 3.51 <0.001

Group = LM 2.08 0.84 247 <0.05

Sentence type (ref. Cat.=OBJ)

Sentence= SUB 2.33 0.24 9.35 <0.001

Note. Random effects for subject and item had an SD of 1.94 and 0.25, respectively.

Target RC analysis (log-likelihood = - 372.3).

Predictor Coefficient SE t-test p

(Intercept) -2.81 0.70 -4.0 <0.001

Group (ref. Cat.=DLD)

Group = AM 1.79 0.94 1.91 =0.056

Sentence type (ref. Cat.=0OBJ)

Sentence= SUB 2.86 0.32 7.87 <0.001

Note. Random effects for subject and item had an SD of 2.19 and 0.55, respectively.
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Reduced head analysis (log-likelihood = - 222.6).

Predictor Coefficient SE t-test p
(Intercept) -6.16 0.0009 -6644.0 <0.001
Group (ref. Cat.=DLD)

Group = AM -0.14 0.0009 -161.5 <0.001
Group = LM 4.23 0.0009 4571.3 <0.001
Sentence type (ref. Cat.=0BJ)

Sentence=SUB 1.43 0.0009 1551.6 <0.001

Note. Random effects for subject and item had an SD of 3.09 and 0.85, respectively.

As we described in (5), correct RC structures included four types: target
structures, reduced head structures, passive subject RCs and object RCs with null
subjects. These last two structures were only used when an object RC was elicited.
The Means and SDs of each structure as a function of extraction site are reported in
Table 4 (percentages do not add up to 100% as reduced RCs and errors are not included
in this table). RCs with animate and inanimate objects are conflated, as Animacy did
not contribute to the fit of the models in the statistical analysis. In general, although
children with DLD produce embedded RCs, they struggle more than the other two
groups of children.

Table 4. Means and SDs of relative clauses with embedding as a function of the type of
structure and sentence type (subject/object) in children with DLD, as well as language matched
(LM) and chronological age matched (AM) control children

TARGET REDUCED HEAD | PASSIVE | NULL
SUBJECT | OBJECT | SUBJECT | OBJECT | OBJECT | OBJECT
DLD | 53 (50) 16 (37) 12 (21) 4(21) 5 (22) 6 (24)
LM | 80(40) 39(49) 43 (46) 29 (46) 15 (35) 3 (16)
AM | 48 (50) 9 (29) 16 (29) 9 (29) 27 (44) 2 (12)

As we can see from Table 4, LM children produced more target structures than
those with DLD. In addition, subject RCs frequently took the target form in all three
groups, while object RCs rarely did. Subject RCs took the reduced head form more
frequently than object RCs and were produced more frequently by LM children than
by those with DLD; DLD children produced this structure less frequently than AM
children. When an object RC was elicited, a passive RC or a relative with a null subject
was produced in a small number of cases. These findings are confirmed by statistical
analysis. In the analysis of production of target RCs, a preliminary analysis showed
that Group [¢?(2) = 6.45, p=0.03] and Sentence type [x?(1) =37.55, p<0.001]
contributed to the model’s fit, whereas Animacy did not [p=0.37]. The fixed effects of
the final model including Group and Sentence type as factors are summarized in Table
3 (Target analysis). As the Table shows, only AM children produced more target RCs
than DLD and there were more target subjects than target object RCs.

As for the analysis of the production of RCs with reduced heads, since Group
[¥*(2)=12.04, p<0,01] and Sentence type [¢?(1)=8.73.4, p<0.01] added significant
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information to the fit of the model they were added as fixed factors. The analysis of
the production of RCs with a reduced head suggests that children with DLD reduced
the head of the RC less than LM children, but more than AM children. In addition,
there was more head reduction in subject than in object RCs. These findings are
summarized in Table 3 (Reduced head analysis).

Both passive subject RCs (5¢), RCs with a null subject (5d) and reduced RCs
(with no embedding) (5e) were employed in the case of object RCs. However, no
significant effect was observed for these structures.

Successively, we analyzed which types of errors were produced. There was a
total of 256 errors distributed into two categories: errors in relative clauses with
embedding, featuring various errors (6a) and structures without embedding (6b). Table
5 reports the percentages of errors calculated on the total number of scorable
responses. Errors in RCs with embedded structures (6a) were produced mostly when
object RCs were elicited and, more frequently by DLD children than AM children.
When making these errors, children turned an object RC into a subject RC, produced
an ambiguous structure or a relative clause with an intransitive verb. Errors resulting
in structures not featuring embedding (6b) were more frequent among children with
DLD than those in either control group and were more frequent in the case of object
RCs.

Table 5. Percentages and SDs of the various types of errors produced as a function of the type
of structure and of sentence type (subject/object) in DLD, LM and AM children.

EMBEDDING NO EMBEDDING OTHER
ERRORS ERRORS RESPONSES
SUBJECT | OBJECT | SUBJECT | OBJECT | SUBJECT | OBJECT
DLD 3(5) 16(18) 8(11) 19(18) 8(11) 17(19)
LM 1(4) 27(20) 7(5) 6(12) 1(4) 6(3)
AM 1(3) 5(10) 3(5) 9(11) 0 4(6)

In the analysis of error production in embedded structures, the data was fit to a
model including Group [¥*(2) =8.7, p=0.01] and Sentence type [x?(1) =40.45,
p<0.0001] as factors. As shown by the coefficients in Table 6 (Embedding error
analysis), the probability of producing this type of error decreases only from children
with DLD to AM children; it also decreases from object to subject relatives. In the
analysis of error production in non-embedded structures, Group [¢*(2) =15.9, p<0.01]
and Sentence type [x%(1) =10.33, p<0.01] significantly contributed to the model’s fit
and were added as factors. As shown by the coefficients in Table 6 (No embedding
error analysis), the probability of producing this type of error decreases from DLD
children to AM and LM children. It also decreases from object to subject RCs. In
summary, children with DLD tend to err more and to produce structures in which
embedding is avoided. In this respect, they adopt this strategy more often than younger
controls.
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Table 6. Summary of the analyses of error production.

Embedding error analysis (log-likelihood = - 192.7).

Predictor Coefficient SE t-test p
(Intercept) -1.98 0.44 -4.51 <0.001
Group (ref. Cat.=DLD)

Group = AM -1.38 0.67 -2.04 <0.05
Sentence type (ref. Cat.=0BJ)

Sentence=SUB -2.92 0.45 -6.43 <0.001

Note. Random effects for subject and item had an SD of 1.151 and 8.815e-05, respectively.

No-embedding error analysis (log-likelihood = - 155.7).

Predictor Coefficient SE t-test p

(Intercept) -1.83 0.47 -3.84 <0.001
Group (ref. Cat.=DLD)

Group= AM -3.24 0.94 -3.43 <0.01
Group = LM -1.64 0.69 -2.37 <
0.05

Sentence type (ref. Cat.=OBJ)

Sentence=SUB -1.41 0.42 -3.3 <0.001

Note. Random effects for subject and item had an SD of 1.53 and 0.52, respectively.

Summarizing, children with DLD produced fewer correct RCs with embedding
than AM children, as expected, but also fewer than LM children, that is, they produced
fewer structures with embedding than younger typically developing children. Like the
other two groups, they were weaker on object than on subject RCs. AM children
attempted to produce RCs by reducing the head and they did so to a greater extent than
children with DLD. This may indicate that even simplified RCs are difficult for
children with DLD. Children with DLD produced more errors resulting in RCs
featuring embedding than did AM children and produced more errors resulting in non-
embedded structures than did both control groups. Taken together, these findings
suggest that children with DLD can produce relatives, but they remain challenging for
them. Various pieces of evidence indicate that embedding, which is used by children
with DLD, is still challenging for them and, unlike AM matched children, they have
not developed any simplification strategy.

6. Discussion

The theoretical issues identified in the introduction as relevant research questions to
investigate are the following:

1) whether the deficit in children with DLD lies in syntactic structure building or
in movement;
i) whether children with DLD are sensitive to animacy as a simplification cue to

RC production;
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1i1) whether children with DLD display a similar, albeit delayed, developmental
pattern as that of unimpaired children or whether they exhibit different stages
of acquisition reflected in their (qualitative) error pattern.

We aimed at providing an answer to these issues by carrying out an investigation of
the production of relative clauses, which involves embedding and thus structure
building and movement.

Our findings show that children with DLD performed worse than the control
groups, although they produce a fair number of relative clauses with embedding.
Reframed into theoretical terms, the results suggest that the impairment in the
production of RCs is only partly linked to their structure building capacity. Children
with DLD can produce embedded structures, but fewer and less well than LM children.
They have difficulty with the movement operation, as well. Witness the fact that, like
the control groups, they are more challenged with object than with subject RCs. Putting
these facts in a broader perspective and considering the two opposite views stemming
from previous literature, we suggest the 7-year-old children with DLD participating in
our study are in an intermediate developmental stage between pre-school children with
DLD interviewed in studies supporting the structure building approach (aged 5 years)
(Hékansson & Hansson 2000; Schuele & Tolbert 2001; Contemori & Garaffa 2010)
and older school-aged children with DLD interviewed in studies supporting the
movement deficit approach (van der Lely 1998; Stavrakaki 2002; Novodrosky &
Friedmann 2006). Therefore, knowledge of embedding is not yet fully developed in
pre-school children with DLD and they opt for strategies where subordination can be
avoided, such as through the production of declarative, conjoined, and coordinated
structures. At a later stage, at least starting from age 7 years, our results show that
children with DLD develop a better understanding and competence of embedded
constructions. Although still far behind their matched peers, they are able to produce
RCs, but display difficulties with movement-driven operations and sometimes fall
back on structures used in a previous stage. Under this view, the results obtained by
previous studies can be reconciled by assuming that they stem from the different ages
of the children interviewed and from the different developmental stages investigated.
Thus, we can conclude that, with respect to our first question, our data support the idea
of a deficit in embedding that is on its way to being resolved and a deficit in syntactic
movement that is evident, at least at the age of 7 years. Animacy did not influence the
production of RCs in any group. This is in agreement with most of the studies that
tested the effect of animacy in TD children (Guasti et al. 2012; Arosio et al. 2011;
Bentea et al. 2016; Adani, Stegenwallner-Schutz & Nielsen 2017; Durrleman &
Bentea 2021; Martini 2019). While this aspect may deserve further exploration, we
may note that the complexity of RCs obscures the role of this feature.

Considering the third question, concerning the developmental pattern of
acquisition of RCs displayed by children with DLD as compared to TD children,
children with DLD were not only weaker than control children, but they displayed a
moderately different profile with respect to LM children. In this respect, they seem to
have more difficulties than younger children, as even producing reduced head RCs
was less frequent in the DLD group than in the LM one. When it comes to errors,
children with DLD differed from control children in producing a higher number of
structures that did not feature embedding. All these facts seem to suggest that there is
a delay, but also that this delay is not uniform and that children with DLD advance in
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their language development in a somewhat different manner than control children,
suggesting some deviance from the typical path of acquisition. In this respect, our
results suggest that the developmental pattern in DLD and in TD children differ from
both a quantitative and a qualitative point of view (cf. Rice, Wexler & Cleave 1995;
Novogrodsky & Friedmann 2006; De Lopez et al. 2014; Wada et al. 2020; Wang &
Yu 2021; 2022). Children with DLD produce fewer target RCs and show a delay in
the production of these structures with respect to their TD peers (quantitative
difference). They also display a (qualitative) deviance that emerges in the avoidance
of RCs with reduced heads (even at 7 years of age) and the production of alternative
structures that are not employed by TD children (AM and LM).

Our findings raise a further issue for the clinical practice. Children with DLD
were matched with 5-year-old TD children for receptive syntax, based on a
standardized test used in the clinical practice in Italy. Interestingly, this test includes
RCs. However, the 7-year-old children with DLD participating in our study were
weaker than chronologically aged and language matched children in the production of
RCs. Thus, since the production modality is an important facet in the diagnosis of
DLD, this gap will need to be filled by future investigation.
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