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Purpose: With Aim 1, we compared the comprehension of
and sensitivity to canonical and noncanonical word order
structures in school-age children with specific language
impairment (SLI) and same-age typically developing (TD)
children. Aim 2 centered on the developmental improvement
of sentence comprehension in the groups. With Aim 3, we
compared the comprehension error patterns of the groups.
Method: Using a “Whatdunit” agent selection task, 117 children
with SLI and 117 TD children (ages 7:0–11:11, years:months)
propensity matched on age, gender, mother’s education, and
family income pointed to the picture that best represented
the agent in semantically implausible canonical structures
(subject–verb–object, subject relative) and noncanonical
structures (passive, object relative).
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Results: The SLI group performed worse than the TD
group across sentence types. TD children demonstrated
developmental improvement across each sentence type,
but children with SLI showed improvement only for
canonical sentences. Both groups chose the object noun
as agent significantly more often than the noun appearing
in a prepositional phrase.
Conclusions: In the absence of semantic–pragmatic cues,
comprehension of canonical and noncanonical sentences
by children with SLI is limited, with noncanonical sentence
comprehension being disproportionately limited. The children’s
ability to make proper semantic role assignments to the
noun arguments in sentences, especially noncanonical, is
significantly hindered.
Children with specific language impairment (SLI)
exhibit normal-range nonverbal intelligence, hear-
ing sensitivity, articulation, and no neurological

impairment or developmental disability. Yet they demon-
strate significant language problems for their age. One
hallmark deficit is in sentence comprehension (Leonard,
Deevy, Fey, & Bredin-Oja, 2013; Montgomery & Evans,
2009; Montgomery, Evans, & Gillam, 2009; Robertson &
Joanisse, 2010). Children with SLI are likely to miscompre-
hend a sentence such as The cat was chased by the mouse
around the barn as the cat being the chaser (agent) and the
mouse as the one being chased (patient). Such comprehen-
sion difficulties in school-age children are likely to interfere
with oral communication and understanding written texts
(Stothard & Hulme, 1992), which often contain a high
proportion of complex canonical and noncanonical word
order sentences (Scott, 2009; Westby, 1994).

Spoken sentence comprehension involves the ability
to rapidly build phrase and clause structures in the con-
struction of a syntactic–semantic representation of sentence
meaning. Psycholinguistic studies suggest that individuals
initiate comprehension from sentence onset (Marslen-Wilson
& Tyler, 1980; Marslen-Wilson & Welsh, 1978; Marslen-
Wilson & Zwitserlood, 1989; Zwitserlood, 1989), building a
mental representation of structure and meaning on a word-
by-word basis (Borovsky, Elman, & Fernald, 2012; Elman,
1990; Traxler & Tooley, 2007) from the available linguis-
tic and nonlinguistic cues. Word order and noun animacy
are robust cues to structure and meaning in English (Bates
& MacWhinney, 1987, 1989). In this study, we focused on
children’s use of word order cues to comprehend the pro-
positionality of canonical and noncanonical structures to
Disclosure: The authors have declared that no competing interests existed at the time
of publication.
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determine who did what to whom in sentences in which ani-
macy cues were controlled.

In English, canonical word order is subject–verb–
object (SVO: The monkey bit the lion). SVOs pose little dif-
ficulty for either school-age TD children or children with
SLI (Montgomery & Evans, 2009; van der Lely, 1996) be-
cause children are able to process them in a linear manner
to determine who did what to whom. As the verb phrase
is processed, it directly assigns Noun Phrase 1 (NP1), which
grammatically functions as the subject, the thematic role of
agent and NP2, which functions as the object, the role of
patient. Subject-relative (SR) sentences, those that contain
an embedded SR clause (The monkey [that bit the lion] was
brown), are also canonical in nature. Even though SRs
include a relative clause (that bit the lion), they also tend
to pose little trouble for school-age TD children and chil-
dren with SLI (Friedmann & Novogrodsky, 2004) because
the structure conforms to SVO word order with the head
NP (the monkey) functioning as both the subject of the main
clause (The monkey ran into the jungle) and subject of the
relative clause (The monkey bit the lion).

Reversible verbal be passives (The lion [i] was bitten
[ti] by the monkey) and embedded object-relative (OR) sen-
tences (The lion [i] that the monkey bit [ti] was brown) are
noncanonical in nature, which make them more syntacti-
cally complex and difficult to comprehend than canonical
structures. Although the surface forms of passives (noun–
verb–noun, NVN) and ORs (noun–noun–verb, NNV) are
different, in both cases, children must come to realize that
(a) NP1 appears in the subject position but it functions as
a patient and (b) NP2 occupies the object position but it
functions as an agent. What ties these structures together
syntactically is that both presumably entail movement and
the building of a long-distance syntactic (filler–gap) depen-
dency (for a detailed description of syntactic structure and
complexity from a minimalist program perspective, for ex-
ample, see Chomsky, 1995, and Haegeman, 1994). In both
structures, there is movement of the logical object NP (the
lion) of the verb (bitten, bit) to the subject position. The ca-
nonical relationship of the verb to its object is maintained
by the moved element leaving a trace ([ti]) behind in its orig-
inal object position, and the trace shares a coreferential rela-
tionship with the moved element ([i]). Both structures also
presumably entail reactivation of the moved element to es-
tablish the filler–gap dependency in that NP1 (filler, marked
as [i]) is reactivated after processing the verb (trace/gap site).
In passives, the agent role gets transmitted to NP2 from
the passive morpheme (bitten), and NP1 receives the pa-
tient role. In the case of ORs, once the embedded verb
is processed, it assigns the role of agent to NP2 and patient
to NP1.

Children with SLI, relative to TD children, have sig-
nificantly greater trouble understanding reversible be pas-
sives (Montgomery & Evans, 2009; van der Lely, 1996; van
der Lely & Harris, 1990; van der Lely & Stollwerck, 1997)
and ORs (Friedmann & Novogrodsky, 2004, 2007; Hestvik,
Schwartz, & Tornyova, 2010). But like TD children, chil-
dren with SLI show better comprehension of passives than
2604 Journal of Speech, Language, and Hearing Research • Vol. 60 •
ORs (Dick, Wulfeck, Krupa-Kwiatkowski, & Bates, 2004).
A prominent linguistic explanation of the sentence compre-
hension deficits of children with SLI has been offered by
van Lely and colleagues (e.g., Marinis & van der Lely, 2007;
Marshall, Marinis, & van der Lely, 2007). These investiga-
tors proposed a syntax-specific deficit account that describes
these children as having trouble computing long-distance
syntactic dependencies. The account assumes that the repre-
sentation and/or mechanisms responsible for building such
dependencies are not obligatorily used by children with SLI.
In the case of movement-derived structures (passives, ORs),
these children treat the movement operation as optional.
Doing so results in their inconsistently building the depen-
dency and/or making the proper thematic role assignments
to each NP, which, in turn, leads to compromised compre-
hension. The hypothesis, however, has trouble explaining
the finding that children with SLI and TD children show
comparable comprehension of nonreversible be passives in
which the agent noun is animate and the patient noun is
inanimate—for example, The milk was spilled by the girl
(van der Lely, 1996). Such findings provide compelling evi-
dence of the importance of semantic–pragmatic cues facili-
tating the comprehension of noncanonical structures in
children with SLI.

Research focusing on the importance of individual
linguistic cues to the sentence comprehension of children
with SLI independent of other cues (e.g., noun animacy) is
nonexistent. Results from focused research efforts on this
issue would lead to substantively new theoretical insights
into cue-based driving forces behind these children’s com-
prehension abilities. To this end, this study had three aims.
The first was to compare school-age children with SLI
and same-age TD peers in their ability to use word order
to guide the comprehension of two kinds of canonical
structures (SVO, SR) and two kinds of noncanonical struc-
tures (passive, OR). The sentences, it is important to note,
were absent meaningful semantic–pragmatic cues, thus
forcing the children to use only word order cues for com-
prehension. Children were asked to identify the agent/actor
in each sentence, indexing understanding of who did what
to whom. The second aim was to determine if children
with SLI and TD children show developmental improve-
ment in the comprehension of canonical and noncanonical
word order structures. The third was to determine if chil-
dren with SLI and TD children exhibit different patterns
of comprehension errors.

Word Order Use by Children With SLI
Dick et al. (2004) were some of the first investigators

to compare word order usage by children with SLI with
those of TD peers to guide sentence comprehension. The
authors studied children between 5 and 18 years old. An
agent selection task (e.g., “whodunit”) was used to assess
children’s understanding of canonical sentences (SVO: The
pig is bumping the goat, SR: It’s the pig that is bumping the
goat) and noncanonical structures (passive: The goat is
bumped by the pig, OR: It’s the goat that the pig is bumping).
2603–2618 • September 2017



Children listened to a sentence and saw two images, one
of the agent and the other of the patient. They were
instructed to select the agent as quickly as possible. All
of the sentences contained animate nouns and were se-
mantically reversible.

Results showed that TD children were sensitive to
both the canonical and noncanonical word orders and that
sensitivity improved with age. They performed near ceil-
ing on SVOs (approximately 98%) and SRs (approximately
97%). On passives, they achieved 94% accuracy and 86%
accuracy on the ORs. Regarding age effects, 5- to 6-year-olds
comprehended SVOs and SRs with 90% accuracy with at-
ceiling performance achieved by age 9–10 years. Passive
comprehension approached asymptote by age 11–12 years.
ORs were most difficult. The greatest improvement occurred
between ages 9 and 12 years; however, adult-like perfor-
mance was not reached until age 15–17 years.

The SLI group yielded poorer accuracy of each
sentence type than the TD group, especially for the non-
canonical structures (SVO: approximately 92%, SR:
approximately 91%, Passive: approximately 69%, OR: ap-
proximately 57%). Most interestingly, comparing the entire
SLI group with the youngest TD children (5- to 7-year-olds),
the SLI group showed significantly poorer accuracy for
both passives and ORs. Even when comparing the oldest
children with SLI (10- to 17-year-olds) with the youngest
TD children, the children with SLI were still significantly
poorer at OR comprehension. By contrast, these same age
groups did not differ on the canonical word order struc-
tures. These findings, however, must be interpreted cautiously
given the very small sample size of each SLI age group
(younger = 16, older = 8).

Noun Animacy Use by Children With SLI
Evans (2002) and Evans and MacWhinney (1999) ex-

amined the role of noun animacy (along with word order)
in the sentence interpretation abilities of children with SLI
and TD children. In the Evans study, children were 6–8 years
of age. The children with SLI were divided into those who
appeared to be in a transition period in which they moved
between using either animacy or word order to interpret
a sentence and those who exhibited an emergent use of
word order over animacy. The children in the Evans and
MacWhinney study were 6–7 years old. The children with
SLI were divided into those with an expressive deficit (ex-
pressive SLI) and those with mixed expressive–receptive
deficits (mixed SLI). In both studies, children heard three
different word order structures with either an animate or
inanimate agent, such as NVN: The cat touches the mouse,
The tree touches the cat; NNV: The goat the horse kisses, The
fence the horse kisses; VNN: Kisses the bird the dog, Hugs
the chair the dog). Children saw two images (agent image,
patient image) and were asked to select the one that was
“doing the action.” Although the NNV and VNN items
were unusual, they permitted the authors to examine the
children’s reliance on animacy or word order as a cue to
agency. The idea was that if word order strategies were
beginning to emerge, one would predict NP1 choice to be
high regardless of the animacy cues for highly probable
sentences, such as NVN, but not for unfamiliar NNV or
VNN constructions. If NP1 choice was high only when NP1
was animate in NNV or VNN items, it would suggest the
children reverted to an animate-noun-as-agent strategy. If
children were primarily relying on a strategy of animate
noun as agent, one would predict high NP1 choice when
NP1 was animate and low NP1 choice when NP2 was ani-
mate regardless of word order.

Evans and MacWhinney (1999) found that the ex-
pressive SLI group relied heavily on an NP1 agent compre-
hension strategy irrespective of animacy whereas the mixed
SLI group primarily used animacy to determine agency
with performance near chance when animacy cues were
absent. The TD children used word order to assign agency
regardless of the availability of animacy. In Evans (2002),
the children with SLI in transition (nonanimacy cue users)
showed sensitivity to word order by selecting NP1 as agent
in the NVN and NNV constructions and NP2 as agent
for the VNN forms. Those children not in transition (the
animacy cue users) always picked the animate noun regard-
less of the presence of word order cues. The TD children,
in contrast, used word order to determine agency, with
NP1 selection most often in NVN structures and least often
in the NNV structures regardless of animacy cues. Such find-
ings suggest that children with SLI (especially with mixed
SLI) are less sensitive to word order cues than same-age TD
peers.

Aims of the Present Study
Children with SLI have difficulty using word order to

guide sentence comprehension especially for noncanonical
structures. These children primarily rely on animacy to de-
termine who did what to whom even through age 8 years
(Evans, 2002). Previous studies, however, have not been
designed to directly examine these children’s word order us-
age independent of semantic–pragmatic cues. The present
study was designed to do just this.

There were three aims. The first was to determine
if children with SLI and same-age TD peers differ in their
ability to comprehend canonical (SVO, SR) and non-
canonical (passive, OR) structures when only word order
cues were available. The second was to determine if both
children with SLI and TD children demonstrate develop-
mental improvement in comprehending such structures. The
third aim was to determine if the groups differed in their
comprehension error patterns. To address these aims, 7- to
11-year-old children with and without SLI listened to se-
mantically implausible sentences and selected the agent of
the sentence from an array of three images (image of agent,
image of patient, image of noun appearing in a sentence-
final prepositional phrase) presented at sentence offset.
Implausibility was created by controlling the availability of
semantic and pragmatic cues (noun animacy, natural affor-
dance between nouns), forcing children to rely on word
order cues for comprehension.
Montgomery et al.: Sentence Comprehension in SLI 2605



We first predicted that the children with SLI would
yield poorer comprehension than TD children on both
canonical and both noncanonical sentence types (Dick et al.,
2004). Second, we expected that, like TD children, children
with SLI should show developmental improvement in the
comprehension of each sentence type given our relatively
large sample sizes. Third, we anticipated that both groups
would make predominately syntactically based comprehen-
sion errors—that is, assign agency to the object noun as
opposed to the noun in the prepositional phrase.
Method
Participants

Participants included children with SLI and TD chil-
dren who took part in a larger ongoing, multisite project
investigating the relationship of cognitive processing and
sentence comprehension. The current study centers on the
sentence comprehension of children with SLI and same-age
TD children. Subsequent reports will detail the cognitive
underpinnings of sentence comprehension in these groups.
Participants in this study were 234 children, ages 7 through
11 years, 117 with SLI (ageM = 9:5, years:months) and
117 TD children (ageM = 9:5). This age band was chosen
because children with SLI demonstrate significantly poorer
sentence comprehension than TD peers across these ages,
especially for noncanonical structures. Children were
recruited from four regions of the United States: Athens,
Ohio; Logan, Utah; San Diego, California; and Dallas,
Texas. Children were recruited through various school sys-
tems, community centers, and university-sponsored sum-
mer camps for children.

The degree of exposure to a second language was
strictly controlled with English being the primary language
spoken by all the children. Similar to procedures used by
Bedore et al. (2012), parents were asked to provide a de-
tailed account about their children’s language use at home
and at school. Bedore et al. found that measures of English
semantics and morphosyntax in a large sample of bilingual
kindergartners were not affected until children spoke a sec-
ond language approximately 80 min (20%) each day. Tak-
ing a conservative approach, we excluded any child who
spoke more than an average of 30 min of another language
in the home or at school each day.

All of the children had normal medical history and
no neurological impairment or psychological/emotional
disturbance on the basis of parent report. They also showed
(a) normal-range nonverbal intelligence as indexed by their
average score on four nonverbal subtests from the visual-
ization and reasoning battery of the Leiter International
Performance Scale–Revised (Roid & Miller, 1997), (b) normal-
range hearing sensitivity bilaterally for the frequencies
500 Hz through 4 kHz (American National Standards Insti-
tute, 1997), (c) normal-range articulation on the word articu-
lation subtest of the Test of Language Development–Primary:
Fourth Edition (Newcomer & Hammill, 2008), and (d) nor-
mal or corrected vision.
2606 Journal of Speech, Language, and Hearing Research • Vol. 60 •
SLI Group
Consistent with multidimensional systems for defin-

ing SLI (e.g., Leonard, 2014; Tager-Flusberg & Cooper,
1999), children were deemed to have significant difficulties
in language comprehension or production if they attained
a composite language score falling at or below −1 SD from
the mean on measures of receptive and expressive abilities
in the lexical and sentential domains. The four language
measures included in the composite were the receptive and
expressive portions of the Comprehensive Receptive and
Expressive Vocabulary Test—Second Edition (CREVT-2,
Wallace & Hammill, 2000) and the concepts and following
directions and recalling sentences subtests of the Clinical
Evaluation of Language Fundamentals—Fourth Edition
(CELF-4, Semel, Wiig, & Secord, 2003). The CREVT-2
is a measure of children’s receptive and expressive lexical
knowledge, and the two CELF-4 subtests are indices of
sentence-level receptive and expressive knowledge and
abilities. Because some subtests were standardized with
deviation quotients (M = 100, SD = 15) and others were
standardized with scaled scores (M = 10, SD = 3), we
converted the children’s norm-referenced scores to a z score
scale (M = 0, SD =1) representing the number of stan-
dard deviations from the mean on each subtest. A mean
composite z score was then calculated for the three low-
est scores.

The composite z score for all the children in the
SLI group was −1.48 with a SD of 0.39 (range = −2.73
to −1.00). The overwhelming majority of the children in
the SLI group (84.6%) had mixed receptive–expressive
disorders as evidenced by performance at or below the cri-
terion value of −1 SD on the expressive and receptive
subtests. Some children (14.5%) exhibited expressive-
only disorders, and a very small minority (1%) exhibited
receptive-only disorders. With respect to the language
domain, 74.4% of the children performed at or below the
criterion value on subtests in both the lexical and sentential
domains; 18.8% had difficulties on the grammatical sub-
tests only, and 6.8% had difficulties on the lexical subtests
only. Regarding nonverbal IQ, the children attained a
mean score of 97.98 (SD = 13.80) on the four Leiter sub-
tests (Roid & Miller, 1997).

TD Group
Children were defined as TD if their composite z score

on the lowest three language measures was above −1 SD
from the mean. The average composite z score for the qual-
ifying measures for the children in the TD group was 0.08
with a SD of 0.60 (range = −0.96 to 1.89), which was sig-
nificantly larger than that for the SLI group, F(1, 233) =
556.74, p < .0001, η2 = .71. Although the children in both
the TD and SLI groups exhibited normal-range nonverbal
IQ, the children in the TD group obtained a significantly
higher score than the children in the SLI group, F(1, 233) =
46.22, p < .0001, η2 = .17, a finding that is consistent across
the SLI literature (Gallinat & Spaulding, 2014). Johnston
(1982) and Swisher, Plante, and Lowell (1994) suggested that
nonverbal IQ scores may not serve as measures of general
2603–2618 • September 2017



intelligence in children with language impairment. How-
ever, performance on these measures may represent the
degree of multiple nonlinguistic deficits. Following the rec-
ommendations of Swisher et al., we did not use nonverbal
IQ as a matching variable. Instead, it was used as a covari-
ate in all between-groups analyses to control for any po-
tential influence that nonlinguistic deficits might have on
the children’s language. Separate analyses of covariance
(ANCOVAs, with nonverbal IQ as the covariate) were
performed to verify that, relative to the SLI group, the TD
group obtained significantly higher standard scores on
each entrance language test. With respect to the language
scores, results indicated that the TD group attained a signif-
icantly higher score on each measure: CREVT-2 receptive,
F(1, 233) = 61.85, p < .0001, η2 = .21; CREVT-2 expressive,
F(1, 233) = 37.31, p < .0001, η2 = .14; CELF-4 concepts
and following directions, F(1, 233) = 50.29, p < .0001, η2 =
.18; and CELF-4 recalling sentences, F(1, 233) = 63.30,
p < .0001, η2 = .21. Table 1 presents summary language and
IQ scores for the two groups, and Table 2 provides a break-
down of scores by age group by subject group.

To avoid selection bias and distortion of the results
due to differences in participant enrollment, propensity
score matching was used to create the SLI and TD groups
from a larger pool of 383 children (127 SLI, 256 TD) who
completed the project.1 Using multivariate logistic regres-
sion, a propensity score was calculated for each of the
383 children in the complete participant pool on the basis
of the moderating variables of age (continuous variable),
gender (dichotomous variable: M or F), mother’s education
level (dichotomous variable: no college degree [high school,
some college but no degree] vs. college degree [associate,
bachelor’s, master’s, or doctorate]), and family income (di-
chotomous variable: annual income less than $30,000 vs.
annual income greater than $30,000). Mother’s education
and family income were used as proxy measures of socio-
economic status (Shavers, 2007). Individual children with
SLI and TD children were then matched on their propen-
sity scores, yielding samples of 117 children in each group.
Demographic data for the two groups are presented in
Table 3. Subsequent nonparametric analyses revealed that
the groups were not significantly different with respect to
age, gender, mother’s education, or family income.

To examine developmental changes in children’s sen-
tence comprehension, children in each group were divided
into two age bands (Montgomery, Evans, Gillam, Sergeev,
& Finney, 2016). The younger band had a mean age of
8:1 years (7:0–9:3), and the older had a mean age of
10:8 years (9:4–11:11). These age bands were motivated on
1A propensity score is the conditional probability of a child being
enrolled in the SLI or control (TD) group given his or her key
baseline characteristics (in our case, age, gender, mother’s education,
family income). Due to its ability to match groups on a high-
dimensional set of characteristics—that is, simultaneous matching on
several categorical and continuous variables—propensity score
technique has become a critical statistical method in modern clinical
research (D’Agostino, 1998; Rosenbaum & Rubin, 1983).
the findings of Montgomery et al. (2016), who observed
age-related improvement in a large sample of TD children
(N = 256) for the same sentences used here.

To better understand the comprehension of both the
children with SLI and the TD children, 40 healthy English-
speaking undergraduate and graduate students (ageM =
23 years) completed the comprehension task. Each partici-
pant reported typical speech, language, and academic de-
velopment and no history of psychiatric difficulties. Each
participant also passed a hearing screening.
Sentence Comprehension Task
Children’s comprehension of canonical (SVO, SR)

and noncanonical (passive, OR) structures was assessed
using our “Whatdunit” agent selection task (Montgomery
et al., 2016).2 Children were told that they would hear a
man saying some funny sounding sentences about one
thing doing an action on another thing. They were told
that after each sentence three pictures would appear at the
bottom of the computer screen and to touch the picture
of the “thing that did the action” as quickly as they could,
thereby indexing their identification of the agent.
Sentence Stimuli
The canonical structures included 33 SVOs (The

square had changed the bed under the very new dry key) and
33 center-embedded SRs in which the head/first NP (NP1)
functioned as the subject in the relative clause (The watch
that had hugged the truck behind the kite was bright). The
noncanonical structures included 33 verbal be passives
(The watch was bumped by the wheel near the very bright
clock) and 33 ORs in which NP1 functioned as object/patient
in the relative clause (The chair that the bread had splashed
under the square was new). The Appendix displays example
sentences.

Each sentence was reversible and contained 12 words.
Each sentence also included a prepositional phrase follow-
ing the second NP in which a third noun appeared. Includ-
ing a prepositional phrase permitted controlling sentence
length across sentence types without altering fundamental
syntactic form. For the SRs and ORs, the only action verb
appeared in the embedded relative clause. The intent of this
control was to circumvent potentially increasing difficulty
associated with processing two action verbs, one in the em-
bedded clause and one in the main clause. Verb tense in all
of the sentences was past tense, with SVOs, SRs, and ORs
being past perfect tense (Love, 2007). For the ORs, the
relative pronoun that always appeared as its presence appears
to enhance comprehension relative to when it is absent
(Hakes, Evans, & Brannon, 1976). The 132 sentences were
2Note. From Whatdunit? Developmental changes in children’s
syntactically based sentence interpretation abilities and sensitivity to
word order by J. Montgomery, J. Evans, R. Gillam, A. Sergeev, and
M. Finney, 2016, Applied Psycholinguistics, 37, p. 1281. Copyright
2016 by Cambridge University Press. Reprinted with permission.

Montgomery et al.: Sentence Comprehension in SLI 2607



Table 1. Mean (M) standard scores and standard deviations (SD) on the norm-referenced test
measures administered to the children with specific language impairment (SLI) and typically
developing (TD) children.

Measure SLI (N = 117) TD (N = 117) Cohen’s d

Nonverbal IQ
Leitera

M 98 110 −0.77
SD 13 14
Range 76–139 76–141

Lexical
CREVT-2, Receptiveb

M 87 105 −1.22
SD 9 11
Range 62–112 81–146

CREVT-2, Expressivec

M 81 101 −1.32
SD 10 12
Range 54–101 69–134

Sentential
CELF-4, Concepts & Directd

M 6 11 −1.33
SD 3 2
Range 1–13 6–15

CELF-4, Recalling Sente

M 5 10 −1.51
SD 2 2
Range 1–11 4–18

Qualifying z scoref

M −1.49 0.08 −3.10
SD 0.39 0.60
Range −2.73 to −1.00 −0.96 to 1.89

Note. CREVT-2 = Comprehensive Expressive-Receptive Vocabulary Test–Second Edition;
CELF-4 = Clinical Evaluation of Language Fundamentals–Fourth Edition.
aAverage score on four nonverbal subtests (figure ground, form completion, sequential order,
and repeated patterns) from the visualization and reasoning battery of the Leiter International
Performance Scale–Revised: M = 100, SD = 15. bM = 100, SD = 15. cM = 100, SD = 15. dCELF-4
Concepts & Directions: M = 10, SD = 3. eCELF-4 Recalling Sentences: M = 10, SD = 3. fAverage
z score on the three lowest lexical and sentential measures.
arranged into three blocks of 44 items. One block was pre-
sented during each of the three testing sessions.

The sentences were created using a pool of 33 nouns,
22 verbs, and three prepositions. Sentences were constructed
to be semantically implausible and to express highly im-
probable events, ensuring the children would rely just on
word order cues to guide comprehension. Semantic implau-
sibility was created in two related ways. First, noun ani-
macy was controlled by selecting inanimate/object nouns as
the agent and patient of the sentences. Second, we violated
typical predicate argument structure—that is, verb selection
restriction rules. Verb selection restriction rules are con-
straints on verbs that determine what semantically appro-
priate noun arguments a verb can take (Altmann & Kamide,
1999; Ferretti, McRae, & Hatherell, 2001). For example, in
the sentence The girl is eating the cookie the verb eating spec-
ifies that the subject/agent noun must be animate and the
object/patient noun be an edible. In the case of a verb selec-
tion violation, one or more nouns are semantically inappro-
priate (The girl is riding the cookie). At the same time, a
verb selection violation gives rise to a violation of the nat-
ural affordance between the nouns in a sentence. In most
2608 Journal of Speech, Language, and Hearing Research • Vol. 60 •
sentences, an affordance between the nouns and their associ-
ated semantic roles is expressed. Affordance refers to the
ways in which people interact with objects in the world with
the interaction reflecting intrinsic constraints that occur be-
tween the entities (Gibson, 1979; Glenberg et al., 2009). In
The girl is eating the cookie, the affordance between the two
nouns (girl, cookie) is a natural one as encoded/expressed
through the verb eating. Sentences involving natural affor-
dance also typically express probable events. Such event
or pragmatic knowledge is used by adults (Matsuki et al.,
2011), TD children (Chapman & Kohn, 1978; Friedrich &
Friederici, 2005; Pereyra, Klarman, Lin, & Kuhl, 2005), and
children with SLI (Evans, 2002; Evans & MacWhinney,
1999) to guide sentence comprehension.

Two other findings in the psycholinguistic literature
motivated our construction decisions. First, it has been
shown that agent nouns and patient nouns can prime the
activation of verbs (McRae, Hare, Elman, & Ferretti, 2005).
Second, there is some evidence (Kamide, Altmann, &
Haywood, 2003) that already activated arguments can prime
the activation of other arguments appearing later in a sen-
tence. By using inanimate nouns and violating predicate
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Table 2. Mean (M) and standard deviations (SD) on the standardized tests administered to the younger and older
children with specific language impairment (SLI) and typically developing (TD) children.

Measures

Younger groups Older groups

SLI TD Cohen’s d SLI TD Cohen’s d

Nonverbal IQ
Leitera

M 99 110 −0.76 96 110 −0.99
SD 14 14 13 13
Range 76–139 76–141 76–127 76–133

Lexical
CREVT-2, Receptiveb

M 86 104 −1.83 88 106 −1.73
SD 7 12 9 11
Range 76–109 81–146 62–112 84–124

CREVT-2, Expressivec

M 81 102 −1.86 80 100 −1.74
SD 9 13 11 11
Range 60–101 69–134 54–99 72–126

Sentential
CELF-4, Concepts & Directd

M 6 11 −1.85 5.4 11 −2.14
SD 2 2 3.2 2
Range 1–13 6–15 1–13 6–14

CELF-4, Recalling Sente

M 5 11 −2.41 5.7 10 −2.31
SD 2 2 2.0 2
Range 1–11 4–18 1–11 6–17

Qualifying z scoref

M −1.5 0.1 −3.92 −1.5 0.1 −3.13
SD 0.4 0.4 0.43 0.6
Range −2.29 to −1.0 −0.95 to 1.89 −2.73 to −1.0 −0.95 to 1.09

Note. CREVT-2 = Comprehensive Expressive-Receptive Vocabulary Test–Second Edition; CELF-4 = Clinical
Evaluation of Language Fundamentals–Fourth Edition.
aAverage score on four nonverbal subtests (figure ground, form completion, sequential order, and repeated patterns)
from the visualization and reasoning battery of the Leiter International Performance Scale–Revised: M = 100, SD = 15.
bM = 100, SD = 15. cM = 100, SD = 15. dCELF-4 Concepts & Directions: M = 10, SD = 3. eCELF-4 Recalling Sentences:
M = 10, SD = 3. fAverage z score on the three lowest lexical and sentential measures.
argument expectancies, we greatly reduced possible priming
effects in the sentences. Together, such manipulations ren-
dered all of the sentences implausible, expressing highly im-
probable events, thereby severely limiting the availability
of semantic–pragmatic cues to help the children determine
which noun functioned as agent and which as patient.

To minimize the influence that lexical knowledge may
play in children’s comprehension (Borovsky et al., 2012), we
carefully controlled the properties of the nouns, verbs, and
prepositions appearing in the sentences. This control was
essential given the documented lexical deficits of children
with SLI (e.g., Mainela-Arnold, Evans, & Coady, 2008,
2010; McGregor, Newman, Reilly, & Capone, 2002). All of
the main lexical items had spoken word frequency ratings
of 6:0 years or less (Moe, Hopkins, & Rush, 1982) and age
of acquisition ratings of 3.6 years or younger (Cortese &
Khanna, 2008). The nouns also had high imageability
(> 500), concreteness (> 500), and familiarity (> 500) rat-
ings (Coltheart, 1981; Kuperman, Stadthagen-Gonzalez, &
Brysbaert, 2012; Vitevitch & Luce, 2004). A final confir-
mation that the nouns in the sentences were well known by
the children comes from the fact that each subject group
performed at ceiling (SLI = 98% correct, TD = 99% cor-
rect) on a rapid automatic naming task comprising the
33 sentence nouns. Images of the nouns were presented in
random order on the computer, and the children were
instructed to name each picture as quickly as they could.
This task was administered as part of the larger ongoing
project.

Each of the nouns appeared with equal frequency
as NP1, NP2, and NP3 across the sentences, and the verbs
and prepositions occurred with equal frequency. The im-
ages corresponding to the nouns were color drawings of
simple objects (e.g., bed, coat, spoon) standardized for
name and image agreement, familiarity, and visual com-
plexity (Rossion & Pourtois, 2004). Last, the sentences
were recorded at a normal speaking rate (approximately
4.4 syllables/s; Ellis Weismer & Hesketh, 1993) and with
normal prosodic variation by an adult male speaker of
Midwestern American English. All audio files were digi-
tized (44 kHz), low-pass filtered (20 kHz), and normalized
for intensity.

The “Whatdunit” task has strong validity and reli-
ability (Montgomery et al., 2016). On the basis of a large
Montgomery et al.: Sentence Comprehension in SLI 2609



Table 3. Participant demographics for the children with specific
language impairment (SLI) and typically developing (TD) children.

Demographic SLI (N = 117) TD (N = 117)

AgeM (years:months) 9:5 9:5
Gender, %
Male 57 63
Female 43 36

Race and ethnicity, %
White (not Hispanic) 61 72
African American 10 0
Hispanic 12 12
Asian 4 4
American Indian, Native Hawaiian 3 3
More than one race 10 9

Mother’s education, %
No response 1 1
High school degree 20 16
Some college 30 27
Associate degree 17 11
Bachelor’s degree 24 23
Graduate degree 6 20

Family income, %
$0–$25,000 42 32
$26,000–$50,000 21 22
$51,000–$75,000 16 15
> $75,000 21 31

Table 4. Mean comprehension accuracy (percentage correct)
by subject group (specific language impairment [SLI], typically
developing [TD]), age group, and sentence type (subject–verb–
object [SVO], subject relative [SR], passive, object relative [OR]).

Group

Sentence Type

SVO SR Passive OR

SLI
Younger (n = 53)
M 55 56 29 30
SD 25 21 20 13
Range 6–94 15–94 0–79 9–69

Older (n = 64)
M 72 69 33 27
sample (N = 256) of 7- to 11-year-old TD children, inter-
nal construct validity of the canonical structures was .84
and .89 for the noncanonical structures. The correlations
between the individual canonical and noncanonical items
ranged between .31 and .35. Such results support the con-
struct of canonical/noncanonical differences. Concurrent
validity was likewise very good as evidenced by strong cor-
relations between overall score on the “Whatdunit” task
and lexical measures (CREVT-2, .62), sentence-level mea-
sures (CELF-4 subtests, .60), and overall language (Test
of Narrative Language Narrative Language Ability Index,
.64). Internal consistency for each sentence type was very
strong (SVO = .88, SR = .86, passive = .95, OR = .94)
and for the task as a whole (.97).
SD 21 22 23 17
Range 16–100 21–100 0–97 0–73

Grand (N = 117)
M 65 63 30 28
SD 24 22 22 15
Range 6–100 15–100 0–97 0–73

TD
Younger (n = 61)
M 77 74 49 39
SD 20 20 29 26
Range 6–100 27–100 0–100 0–100

Older (n = 56)
M 87 82 62 57
SD 13 14 31 30
Range 52–100 42–100 0–100 3–97

Grand (N =117)
M 83 78 55 48
SD 18 18 30 29
Range 6–100 27–100 0–100 0–100

Adults (N = 40)
M 98 97 88 86
SD 5 6 27 28
Range 82–100 82–100 0–100 0–100
Procedures
The children were seen individually in a quiet labora-

tory over three testing sessions, each lasting about 2 hr, in-
cluding rest breaks. To record the accuracy of the children’s
responses as well as ensure a fixed random order of presen-
tation of the items and position of the correct answer, deliv-
ery of the stimuli was controlled using E-Prime software
(Schneider, Eschman, & Zuccolotto, 2002) running on a
laboratory laptop connected to a 17-in. Elo Touch Screen
monitor (Elo Touch Solutions, model 1715L).

Children sat at a table in front of a touch screen.
Children placed their arm in a comfortable position on the
table so that the fingers of their dominant hand rested on a
red dot located in the center of the bottom edge of the mon-
itor, just below the touch screen. Children were instructed
to leave their fingers on the dot until they were ready to
touch the screen. Stimuli were presented binaurally under
2610 Journal of Speech, Language, and Hearing Research • Vol. 60 •
noise-canceling headphones at a comfortable listening level
determined by the child. Before receiving the experimental
items, all participants demonstrated that they understood the
task during training on sentences with and without event
probability cues.
Data Analysis
A three-way mixed ANCOVA was conducted with

subject group (SLI, TD) as the between-subjects variable
and age group (younger, older) and sentence type (SVO, SR,
passive, OR) as within-subject variables. Because the groups
significantly differed in nonverbal IQ, the children’s total
raw score on the four Leiter measures was used as the covar-
iate in all between-groups analyses. The percentage accuracy
scores were not normally distributed across groups and
sentence types, thus they were converted to z scores, which
yielded distributions more closely approximating normality
(skewness < ± 2.1; West, Finch, & Curran, 1996). The
converted scores were used in the parametric analyses. Pair-
wise comparisons were conducted to examine the nature
of any significant interactions with a least significant dif-
ference α level of .05. Percentage scores are reported in
the text and Table 4 for ease of interpretation.
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Results
Sentence Comprehension Accuracy

Results of the omnibus ANCOVA revealed a signifi-
cant subject group × age group × sentence type interaction,
F(1, 229) = 7.23, p < .0001, η2 = .03. To derive maximally
interpretable results, the interaction was broken down into
two separate subject group × age group × sentence type
ANCOVAs: one focusing on canonical sentences (SVO, SR)
and the other on noncanonical sentences (passive, OR).

Canonical Structures
Unlike the omnibus test, the subsequent three-way

subject group × age group × canonical sentence type inter-
action was not significant. However, the subject group ×
sentence type interaction was significant, F(1, 229) = 4.05,
p = .05, η2 = .02, as was the age group × sentence type
interaction, F(1, 229) = 4.64, p = .03, η2 = .02.

Subject group × sentence type interaction. Between
subject group pairwise comparisons revealed significantly
poorer comprehension in the SLI group than the TD group
on both the SVOs (TD = 83%, SLI = 65%, p < .05) and
SRs (TD = 78%, SLI = 63%, p < .05). A within-SLI group
comparison indicated no significant difference (p > .05)
between the SVOs (65%) and SRs (63%). By contrast, a
within-TD group comparison showed the TD children had
significantly better comprehension (p < .05) of SVOs (83%)
than SRs (78%). This two-way interaction appears in Figure 1.

Age group × sentence type interaction. Between age
group pairwise comparisons revealed that the older children
Figure 1. Comprehension of subject–verb–object (SVO) and
subject relative (SR) sentences by subject group (specific language
impairment [SLI], typically developing [TD]). CI = confidence
interval.
outperformed the younger children on both the SVOs
(older = 80%, younger = 67%, p < .05) and SRs (older =
75%, younger = 66%, p < .05). Within age group compari-
sons indicated that younger children were comparable in
comprehending SVOs (67%) and SRs (66%; p > .05) whereas
older children were significantly better at comprehending
SVOs (80%) than SRs (75%; p < .05). The two-way inter-
action appears in Figure 2.
Noncanonical Structures
The subject group × age group × noncanonical sen-

tence type ANCOVA yielded a significant three-way inter-
action, F(1, 229) = 9.77, p = .002, η2 = .04. Pairwise
comparisons were conducted to examine the nature of the
interaction, first on the passive sentences followed by the
OR sentences.

Passive sentences. Between subject group and age
group pairwise comparisons revealed that younger children
with SLI performed significantly worse than younger TD
children (SLI = 29%, TD = 49%, p < .05). Older children
with SLI also performed significantly worse than older TD
children (SLI = 33%, TD = 62%, p < .05). Within the SLI
group, older and younger children were not significantly
different (older SLI = 33%, younger SLI = 29%, p > .05).
However, among the TD children, older children performed
significantly better than younger children (older TD = 62%,
younger TD = 49%, p < .05).

OR sentences. Results of the between subject group
and age group analysis revealed no significant difference
(p > .05) between the younger children with SLI (30%) and
younger TD children (39%). But among older children, TD
children (57%) significantly outperformed (p < .05) the
Figure 2. Comprehension of subject–verb–object (SVO) and subject
relative (SR) sentences by age group. CI = confidence interval.
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Figure 4. Comprehension of object relative sentences by subject
group (specific language impairment [SLI], typically developing
[TD]) and age group. CI = confidence interval.
children with SLI (27%). Within the SLI group, older and
younger children did not differ in comprehension (older =
27%, younger = 30%, p > .05). However, among the TD
children, older children performed significantly better than
younger children (older = 57%, younger = 40%, p < .05).
Figures 3 and 4 illustrate the subject group × age group in-
teraction for passives and ORs, respectively. Table 4 pre-
sents summary statistics of the children’s comprehension
accuracy.

Comparison of Older SLI and Younger TD Groups
In keeping with Dick et al. (2004), we compared the

older SLI group with the younger TD group on each sen-
tence type. The differences between the older SLI group
and the younger TD group were not significant for the two
canonical structures: SVO (older SLI = 72%, younger
TD = 77%), F(1, 124) = 2.83, p = .09, η2 = .02, and SR
(older SLI = 69%, younger TD = 74%), F(1, 124) = 2.70,
p = .10, η2 = .02. For the noncanonical sentences, the older
SLI group performed significantly worse than the younger
TD group on both passives (older SLI = 33%, younger
TD = 49%), F(1, 124) = 13.71, p < .0001, η2 = .10, and
ORs (older SLI = 27%, younger TD = 39%), F(1, 124) =
11.34, p < .001, η2 = .09.

Adult Performance
Recall that a group of adults also completed the task

to provide an adult reference point against which to com-
pare the children’s performance. The adults performed
at ceiling on the SVOs (98%) and SRs (97%). They also
yielded very high levels of accuracy on the passives (88%)
and ORs (86%).
Figure 3. Comprehension of passive sentences by subject group
(specific language impairment [SLI], typically developing [TD]) and
age group. CI = confidence interval.
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Error Patterns
Children’s error patterns were also examined. Two

types of errors were possible. Object noun (object) errors
reflected children’s improper selection of the object noun
as the agent. Prepositional phrase noun (PPN) errors reflected
an improper selection of the noun in the prepositional
phrase near the end of the sentence as the agent. A subject
group (SLI, TD) × error type (object, PPN) ANCOVA
(using nonverbal IQ as the covariate) was conducted on
each of the sentence types separately (SVO, SR, passive,
OR). The analyses were performed on percentage error scores
as they were normally distributed (skewness < ± 2.1; West
et al., 1996).

For the SVOs, the error type main effect, F(1, 231) =
8.70, p = .004, η2 = .04, and the subject group main effect,
F(1, 231) = 16.17, p < .0001, η2 = 07, were both signifi-
cant. Children made significantly more object errors than
PPN errors, and the TD group performed significantly
better than the SLI group. For the SRs, only a significant
subject group main effect emerged, F(1, 231) = 10.57, p =
.0001, η2 = .04, which favored the TD group. For the
passives, the error type effect was significant, F(1, 231) =
6.87, p = .009, η2 = .03, with children making significantly
more object errors than PPN errors. The subject group
effect was also significant, F(1, 231) = 23.31, p < .0001,
η2 = .09, favoring the TD group. In a similar manner, for
the ORs, there were significant main effects for error type,
F(1, 231) = 7.17, p = .008, η2 = .03, with children making
significantly more object errors than PPN errors, and for
subject group, F(1, 231) = 19.55, p < .0001, η2 = .08, with
TD children making fewer errors than children with SLI.
Last, the adults also produced more object errors than PPN
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errors in both passives (10% vs. 2%) and ORs (11% vs. 3%).
Table 5 displays summary error data for the SLI and TD
groups.
Discussion
Comprehension Accuracy

The children with SLI evidenced significantly poorer
comprehension of all sentence types than their TD peers,
supporting our first prediction. On the SVOs, the SLI
group achieved just 65% accuracy whereas the TD group
performed with 83% accuracy. On the SRs, the SLI group
performed with 63% accuracy while the TD group per-
formed with 78% accuracy. These findings indicate that
the children with SLI had reduced sensitivity and ability to
use canonical word order compared with same-age peers.
However, despite the lower scores of the children with SLI,
it is important to point out that they performed well above
chance (chance = 33%), indicating that they had some
sensitivity and ability to use canonical word order to guide
comprehension.

Both the SLI and TD groups performed substan-
tially more poorly on the passives and ORs relative to the
canonical structures with the SLI group performing sig-
nificantly worse than the TD group. Although the groups
yielded roughly comparable decrements (SLI 35% less ac-
curacy, TD group 30% less accuracy), the groups’ absolute
scores were vastly different. It was striking that the SLI
group performed near or just below chance on both the
passives (30%) and ORs (28%) while the TD group per-
formed well above chance (passive = 55%, OR = 48%).
These findings indicate that children with SLI have
Table 5. Mean percentage comprehension errors (object error,
prepositional phrase noun [PPN] error) by subject group (specific
language impairment [SLI], typically developing [TD]) and sentence
type (subject–verb–object [SVO], subject relative [SR], passive,
object relative [OR]).

Group

Sentence Type

SVO SR Passive OR Grand

SLI
Object error
M 16 19 50 52 34
SD 9 10 25 22 17
Range 0–36 0–50 0–100 12–100 0–100

PPN error
M 19 18 19 19 19
SD 21 16 21 16 18
Range 0–88 0–73 0–85 0–58 0–88

TD
Object error
M 10 12 38 43 26
SD 9 10 29 27 19
Range 0–36 0–40 0–100 0–97 0–100

PPN error
M 6 10 7 10 8
SD 11 10 11 11 11
Range 0–82 0–40 0–79 0–67 0–82
substantially reduced sensitivity and ability to use non-
canonical word order to guide comprehension. Additional
evidence of this claim comes from the comparison between
the older children with SLI (9:4–11:11) and younger TD
children (7:0–9:3). Even compared with younger TD chil-
dren, older children with SLI show significantly poorer
comprehension of passives and ORs, findings that are con-
sistent with Dick et al. (2004). The converse is that the
older SLI and younger TD children showed comparable
comprehension of SVOs and SRs—also consistent with
Dick et al. (2004).

One might argue that the children with SLI sacrificed
accuracy for speed given that we instructed all of the chil-
dren to be as quick as possible in selecting the agent of the
sentence. A speed–accuracy trade-off is unlikely, however.
Both groups’ yielded comparable speed of comprehension
(p > .05) across each sentence type with the exception of
the passives; the TD group was faster.

We refer to the performance of the adults who com-
pleted the same task to further contextualize our findings.
Recall that the adults’ performance on the SVOs and SRs
was at ceiling (98%, 97%) and on the passives and ORs,
their performance was very good (88%, 86%, respectively).
Such strong performance by the adults is expected given
that English is a word order language, and adults know to
attend to word order cues over animacy cues (MacWhinney,
Bates, & Kliegl, 1984). Such results show, first, that even
school-age TD children have yet to acquire adult-like
sensitivity to and use of noncanonical or canonical word
order cues. Second, the results further accentuate the severe
limitations that children with SLI have attending to and
using word order cues, especially noncanonical cues. Third,
the developmental trajectory in learning and using both
canonical and noncanonical word orders by children with
SLI is extremely protracted.

The special difficulties posed by noncanonical struc-
tures for children with SLI is consistent with the syntax-
specific deficit hypothesis of van der Lely and colleagues
(Marinis & van der Lely, 2007; Marshall et al., 2007). How-
ever, it is important to point out that this study was not
designed to test the theoretical merits of the hypothesis. All
that can be said is that the children predictably had sub-
stantial difficulties with noncanonical structures. The poor
comprehension of the canonical structures by the children,
however, is not in keeping with the hypothesis.

Developmental Changes in Sentence Comprehension
and Sensitivity to Word Order

The children with SLI and TD peers revealed differ-
ent developmental trajectories in their use of word order cues.
Both groups exhibited age-related improvement in compre-
hension of SVOs and SRs, supporting our second predic-
tion. These findings indicate that, despite their overall poorer
performance, children with SLI, like their same-age peers,
continue to develop sensitivity to and facility for using high-
frequency canonical word orders (Dick et al., 2004).

The converse is that the picture was very different for
the noncanonical structures. As predicted, the TD children
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revealed developmental improvement in the comprehension
of passives and ORs (Dick et al., 2004). However, the chil-
dren with SLI exhibited no age-related improvement for
either passives or ORs, contrary to our prediction and the
findings of Dick et al. (2004). In fact, the absolute scores
of our older and younger children with SLI were essentially
identical. It is interesting to note that, regarding the ORs,
the younger children with SLI and younger TD children
yielded comparable comprehension. These findings were
unexpected and suggest that OR word order is difficult
even for TD children at a young age. But the TD children
exhibited developmental growth, and by 9:4–11:11 were
significantly outperforming their peers with SLI. The older
children with SLI, it is striking to note, continued to per-
form like their younger SLI counterparts, indicating that
through age 11 years these children show remarkable sta-
bility (i.e., lack of growth) in their appreciation and use of
OR word order. The absence of an age effect for passives
was somewhat surprising, though. Passives (The train was
watched by the bed behind the very cold cake), unlike ORs
(The train that the bed had watched near the boot was dry),
contain (morpho)syntactic cues, such as the past participle -ed
coupled with the auxiliary verb was (was watched ) and an
adjunct prepositional by phrase (by the bed ). That the chil-
dren with SLI revealed no developmental effect implies a
significant limitation in learning that such cues represent
markers of a passive. One might argue, however, that dif-
ficulty processing the brief-duration inflection -ed (e.g.,
Leonard, 2014; Montgomery & Leonard, 2006), which also
appeared in all of the sentences, may have led to the chil-
dren’s poor comprehension. Even if this were the case,
the presence of the by phrase lent the children a salient syn-
tactic cue. Overall, then, we would argue that the children
with SLI showed developmental stagnation in the learning
of both noncanonical word order structures.

Why Sentence Comprehension Is So Difficult
in the Absence of Semantic Cues

Understanding a sentence involves building syntactic
structure and assigning semantic meaning to structure. Find-
ings from the adult literature make it clear that sentence
comprehension is driven by the predictive relationship be-
tween verbs and their syntactic arguments as well as by prag-
matic knowledge (Altmann & Kamide, 1999; Kuperberg,
2007; Kuperberg, Caplan, Sitnikova, Eddy, & Holcomb,
2006; Paczynski & Kuperberg, 2012). Emerging evidence
in the developmental literature shows that young children
also use all available cues to engage in predictive process-
ing during comprehension (Borovsky et al., 2012). In the
present study, all of the sentences, by design, were absent
semantic–pragmatic cues as all of the nouns were inanimate
and the availability of usual predicate argument expectan-
cies and potential verb/noun priming effects were controlled.
The absence of these cues obviously made comprehension
more challenging for the children and disproportionately so
for those with SLI.

A recent and influential framework of sentence com-
prehension from the adult literature supplies additional
2614 Journal of Speech, Language, and Hearing Research • Vol. 60 •
evidence of the importance of linguistic cues and, more
critical, distinctive cues, supporting comprehension. The
framework centers on the role of item retrieval—to be spe-
cific, similarity-based retrieval interference—as a critical
determinant of complex sentence comprehension (Gordon,
Hendrick, & Johnson, 2001; Gordon, Hendrick, & Levine,
2002; Lewis, Vasishth, & Van Dyke, 2006; Van Dyke, 2007;
Van Dyke & Lewis, 2003; Van Dyke & McElree, 2006,
2011). Take the OR sentence The train that the bed had
watched near the boot was dry; the comprehender must
momentarily store both NP1 (the train) and NP2 (the bed)
until processing the embedded VP/syntactic gap (had watched).
At this point, the comprehender must selectively reactivate
NP1 over NP2 to establish a filler–gap dependency (…the
bed had watched the train…) and assign the role of agent to
NP2 and patient to NP1, enabling him or her to under-
stand who did what to whom. According to the framework,
if the cues available at retrieval are not sufficiently dis-
criminating to reactivate the target (NP1) over other com-
peting semantically and/or syntactically similar items in
memory (NP2 and any other NPs), then retrieval interfer-
ence arises. Under such circumstances, an inappropriate
NP may be retrieved, and comprehension is compromised.
It is important to note, though, that when distinctive cues
are available, retrieval interference is reduced or even elim-
inated (Van Dyke & McElree, 2011). On this view, we
would argue that the children with SLI were much more
vulnerable than the TD children to similarity-based retrieval
interference.

This framework also would appear to hold for the
children’s poor comprehension of the passives. In passives
(The train was watched by the bed behind the very cold cake),
the verb (watched ) cues the reactivation of NP1. It is im-
portant to note, though, that there is evidence in the adult
literature showing that NP1 is not immediately reactivated
after the verb but up to 1 s after the verb (Osterhout &
Swinney, 1993), which, in our case, would likely be sometime
after NP2 (The train was watched by the bed [NP1 reactivation]

behind the very cold cake). Assuming this is the case, the
children would need to hold both NP1 and NP2 in memory
until NP1 needs to be reactivated, which would lead to com-
petition between the NPs as to which should be selectively
reactivated. This possibility is bolstered on two grounds.
First, our own adult participants performed markedly lower
on the passives (and ORs) than on the SVOs and SRs. Sec-
ond, even adults are less accurate in assigning proper se-
mantic roles in passive sentences when both NP1 and NP2
are animate than when there is an animacy mismatch be-
tween NP1 and NP2—that is, NP1 is inanimate and NP2
is animate (Ferreira, 2003). In a similar manner, adults
show slower processing of passive sentences when the predi-
cate argument structure is less predictable than when it is
more predictable (Ambridge, Bidgood, Pine, Rowland, &
Freudenthal, 2015). Given the agent and patient NPs in
both noncanonical sentence types were inanimate and not
usual partners of the verbs, it is no surprise that the children
experienced such hardship making proper role assignments,
assuming NP1 reactivation occurred.
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Although we cannot make the case that the poor
SVO and SR comprehension of the children with SLI was
related to NP competition, it certainly is the case that the
children found it difficult to make correct semantic role
assignments in the absence of usual predicate argument
cues. Results from a recent eye-tracking study with adoles-
cents with SLI appear to be relevant to this interpretation
(Borovsky, Burn, Elman, & Evans, 2013). Children lis-
tened to simple SVOs (The dog hides the X) while looking
at four noun pictures, one that was the target noun argu-
ment (bone) of the verb, one that was a related noun argu-
ment to the agent noun (cat), one that was a related noun
argument to the verb (treasure), and one that was unre-
lated (ship). Although the SLI and TD groups did not dif-
fer in fixating on the target nouns, the SLI group exhibited
increased fixations to the verb-related noun images. Re-
sults were interpreted to suggest that the SLI group had
lexical integration deficits. However, the results may also
imply that the SLI group was not as facile as same-age
peers to build an “expected” predicate argument struc-
ture (e.g., Andreu, Sanz-Torrent, & Guardia-Olmos, 2012;
Pijnacker et al., 2017; Thordardottir & Ellis Weismer, 2002).
Even within the adult literature, it has been shown that
SVOs that violate predicate argument expectations are more
poorly comprehended than SVOs expressing usual expecta-
tions (Saffran, Schwartz, & Linebarger, 1998).

Comprehension Error Patterns
Children’s error patterns were examined to deter-

mine if they made more object errors than PPN errors
(i.e., selection of noun appearing in prepositional phrase
near the end of the sentence) for miscomprehended sentences.
We anticipated that both groups would make more object
errors than PPN errors in each sentence type because object
errors are linguistically based. Our expectation was con-
firmed with one exception. For the SRs, the children showed
no difference in error type. Overall, these findings suggest
that the children’s errors were linguistically motivated. They
selected the noun from within either the main clause or
the embedded clause as the agent of the sentence, not the
noun appearing in a prepositional phrase.

Clinical Implications
Two immediate clinical implications arise from the

present study to enhance SLI learning of noncanonical
word order sentences. First, clinicians should consider start-
ing complex sentence comprehension training with model
sentences that are heavily, semantically, pragmatically loaded,
marking agency with an animate noun and patient with an
inanimate noun. Enriching sentences with strong animacy–
inanimacy cues could provide the children with salient
predicate argument expectancies, providing them a poten-
tially reliable semantic–pragmatic bootstrap to word order
learning. Second, model sentences should incorporate
familiar lexical items to help keep the focus of learning on
word order.
Conclusions
This study revealed three major findings. First, school-

age children with SLI are significantly poorer than their TD
peers at comprehending canonical and noncanonical sen-
tences that require syntactic processing and use of only word
order cues. Second, like TD peers, children with SLI dem-
onstrate developmental improvement in the comprehension
of canonical sentences but lag behind their TD peers in the
acquisition of canonical word order forms. The converse
is that their comprehension of noncanonical word order
structures shows no improvement with age, indicating de-
velopmental stagnation and a severe limitation in their abil-
ity to glean and acquire such word order patterns relative
to same-age peers. Third, similar to their TD peers, when
children with SLI miscomprehend a sentence, their errors
are linguistically driven.

Future studies could begin to examine in a stepwise
fashion, similar to the approach used in the adult litera-
ture, the influence of semantic and pragmatic cues on the
sentence comprehension of children with SLI. Such efforts
could systematically introduce different cues and cue com-
binations with the intent of determining if there is a point at
which children with SLI approach the performance of same-
age peers. Also, future studies could investigate various
memory-related abilities to determine their influence on the
comprehension of these children. And last, future studies
could investigate how children with SLI approach the fun-
damentally different activities of offline and online sentence
comprehension, again with an eye toward understanding the
linguistic, nonlinguistic, and memory-related influences on
comprehension. In the aggregate, results from such efforts
could shed critically important and new insights into the
sentence comprehension abilities of these children, and these
could inform our assessment and intervention practices.
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Appendix

Sample experimental sentences
Subject–Verb–Object
The hat had hugged the belt behind the very bright new sock.
The ring had moved the square behind the very bright cold bed.
The square had changed the bed under the very new dry key.
Subject Focus Center Embedded Relatives
The watch that had hugged the truck behind the kite was bright.
The train that had helped the knife under the square was cold.
The boot that had fixed the shoe behind the drum was new.
Passive
The train was watched by the bed behind the very cold cake.
The watch was bumped by the wheel near the very bright clock.
The key was changed by the chair behind the very bright square.
Object Focus Center Embedded Relatives
The box that the kite had splashed behind the shoe was dry.
The truck that the clock had pressed near the door was bright.
The chair that the bread had splashed under the square was new.
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