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Verb Comprehension and Use in Children
and Adults With Down Syndrome

Sarah E. Michael,a Nan Bernstein Ratner,a and Rochelle Newmana

Purpose: Expressive syntax is a particular area of difficulty for
individuals with Down syndrome (DS). In order to better understand
the basis for sentence formulation deficits often observed in children
and adults with DS, the authors explored the use and comprehension
of verbs differing in argument structure.
Method: The authors examined verb and argument structure
retrieval in 18 individuals, 9 with DS, age 11;11 (years;months)
to 32;10 and 9 receptive vocabulary age-matched typically
developing (TD) children, age 3;2 to 13;6. Participants completed
verb and noun comprehension tasks, a workingmemory assessment,
verb and noun naming tasks, grammaticality judgments, and
narrative tasks.
Results:Neither single verb comprehension nor single verb naming
differentiated the DS and TD groups. Individuals with DS performed
significantly worse than individuals who are TD when asked to

judge sentence grammaticality. Individuals with DS omitted verbs
in elicited narratives significantly more often than individuals who
are TD, specifically when productions of 2-place and 3-place verbs
were attempted. Individuals with DS also omitted other necessary
elements of argument structure, such as subjects, in sentences
containing 2-place and 3-place verbs significantly more often
than individuals who are TD. Performance was not related to
working memory skills.
Conclusions: Results indicate that individuals with DS do display a
specific expressive deficit in verb and argument structure retrieval
(but not comprehension) that varies as a function of verb type
(1 place, 2 place, and 3 place).

Key Words: Down syndrome, language, verbs, comprehension,
production

D own syndrome (DS), or trisomy 21, is a condition
caused by an extra copy of chromosome 21 pres-
ent in the cell nuclei, that leads to numerous de-

velopmental abnormalities (Jarvik, Falek, & Pierson,
1964), including cognitive impairment. In particular, indi-
viduals with DS show deficits in verbal short-term or
working memory (Bower & Hayes, 1994; Chapman,
2006; Laws, 2004), evenwhen compared with other indi-
vidualswho are learning impaired. In contrast, they per-
form as well or better than individuals who are learning
disabled but do not have DS, on tasks that rely on stor-
ing, retaining, and retrieving visual information (Bower
&Hayes, 1994;Chapman, 2006;Rowe,Lavender,&Turk,
2006), suggesting that the deficits are language specific.

IndividualswithDShave difficulty in a variety of other
areas of language as well (Byrne, Buckley, MacDonald,
&Bird, 1995; Caselli, Monaco, Trasciani, & Vicari, 2008;
Chapman & Hesketh, 2000; Chapman, Schwartz, Kay-
Raining Bird, 1998; Eadie, Fey, Douglas, & Parsons,
2002; Fabretti, Pizzuto, Vicari, & Volterra, 1997; see
Chapman&Hesketh, 2000, 2001, for reviews). Although
individuals with DS perform similarly to children who
are typically developing (TD) with comparable cognitive
abilities (mental ages) on comprehension in a variety of
linguistic tasks (Chapman et al., 1998; Ypsilanti, Grouios,
Alevriadou, & Tsapkini, 2005), they perform less well
when asked to define words, suggesting that expressing
knowledge about stored vocabulary is an area of weakness.
However, their greatest deficits appear to be in the domain
of syntax.

Individuals with DS, compared with individuals who
arematched formental age, exhibit impaired expressive
syntax in narration, conversation, and in repetition tasks
(Chapman et al., 1998; Seung & Chapman, 2004), often
omitting sentence elements or making morphological
errors (such as tense and plural formation errors; Caselli
et al., 2008; Chapman & Hesketh, 2000; Eadie et al., 2002;
Vicari, Caselli, & Tonucci, 2000; Ypsilanti et al., 2005).
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These deficits appear to exceed those seen in vocabu-
lary comprehension in the same individuals (Chapman,
Schwartz,&Kay-RainingBird, 1991). Although syntactic
skills continue to develop in adolescents with DS, mas-
tery and use of syntax appears more impaired than lexi-
cal skills (Thordardottir, Chapman, & Wagner, 2002).
These profiles may be the result both of a lack of knowl-
edge and a lack of sufficient cognitive resources (memory,
attention) during performance tasks. Mean length of
utterance (MLU) is reduced in individuals with DS
(Chapman et al., 1998; Chapman&Hesketh, 2000; Vicari
et al., 2000), and their language has been described as
telegraphic, with many words missing (Vicari et al.,
2000). Verbs seem to be particularly omitted (Caselli
et al., 2008; Hesketh & Chapman, 1998). For example,
when asked what one does during free time, an individ-
ual with DS might respond “cookies,” whereas an indi-
vidual who is TD might say, “(I) bake cookies.”

Main verbs and auxiliary verbs are likely to be omit-
ted. However, individuals with DS do not produce signif-
icantly fewer different verbs, and in fact, they produce a
significantly greater variety of main verbs than do indi-
vidualswho areTDon some tasks (Hesketh&Chapman,
1998; Vicari et al., 2000). Thus, it appears that individ-
uals with DS possess an adequate number of verb
entries in the mental lexicon (as supported by their gen-
erally accurate comprehension skills), but these entries
are not accessed well during production tasks.

Verb entries contain syntactic as well as semantic
information. In English, this syntactic information
includes argument structure (Kim & Thompson, 2000).
Verb argument structure specifies the number of nouns
that either may or must accompany the verb in a clause.
Different English verbs require different numbers of
arguments. Verbs such as laugh require only one argu-
ment, a subject (e.g., She laughed); they are considered
one-place verbs, or intransitive constructions. In fact, in-
sertion of more than one argument results in an un-
grammatical sentence (e.g., She laughed the joke*.) In
contrast, a verb such as give requires three arguments:
a subject, direct object, and indirect object (e.g.,She gave
the letter to the boy.) Absence of any one of these three
leads to an incomplete sentence (thus, She gave the let-
ter* andShe gave to the boy* are both ungrammatical). It
is, therefore, considered a three-place verb. Lift is an ex-
ample of a two-place verb (e.g., She lifted the bag.). Of
course, someverbs also permit additional, optional argu-
ments (e.g., She lifted the bag on the street.).

Inability to access a verb’s full entry in the lexicon
could result in omission of either the verb or other nec-
essary syntactic elements in an utterance. This could be
one explanation of the reducedMLUcharacteristic of DS
language profiles. Alternatively, the representations of
verb entries may themselves be incomplete or poorly or-
ganized, in which case the storage of the verb entry may

be the point of breakdown, rather than the access of the
entry. Individuals with DS not only omit verbs but also
omit elements of their argument structure (Grela, 2003;
Layton & Sharifi, 1978). In addition, individuals with
DS omit more subject arguments as well as other noun
phrase constituents, such as articles and prepositions,
than do TD children matched for MLU (Caselli et al.,
2008; Chapman & Hesketh, 2001; Grela, 2003; Layton
& Sharifi, 1978).

A similar pattern has been observed in agrammatic
aphasia. Kim and Thompson (2000, 2004) found that
participants with agrammatic aphasia exhibited partic-
ular difficulty with verb production. Despite showing
high and comparable accuracy in the comprehension of
nouns and verbs, the patients performed significantly
worse when naming verbs compared with nouns. Fur-
thermore, three-place verbs were incorrectly named sig-
nificantly more often than were two-place verbs, which
were incorrectly named significantly more often than
one-place verbs. In a similar way, in a narrative task,
one-place verbs were produced with correct argument
structure significantly more often than the other two
types. These findings suggest that verb access in agram-
matic aphasia is influenced by the number of arguments
associated with the verb. This is true regardless of the
optionality of the arguments. That is, one-place verbs
were significantly easier to categorize, retrieve, and pro-
duce with correct argument structure than obligatory
and optional two-place and three-place verbs.

The similarity of verbal profiles in DS and agram-
matic aphasia suggests the possibility that the language
production of individuals with DS may also be affected
by argument structure. Grela (2003) analyzed tran-
scripts taken from a database of child–caregiver interac-
tions by coding main verbs for argument structure and
tallying absence of obligatory arguments and addition of
illegal arguments. No significant differences were found
between children with DS and TD children matched for
mean length of utterance as a function of verb category
or argument position for one- and two-place verbs. Chil-
dren did not produce any three-place verbs. However,
spontaneous language samples may not provide suffi-
cient analytical power because individuals with DS
may not spontaneously produce an adequate number
of each verb type to sufficiently analyze verb and argu-
ment structure production as a function of verb type. To
evaluate how argument structure affects verb compre-
hension and expression in individualswithDS, equal op-
portunities to access and produce each verb type and
their arguments should be provided, suggesting the
need to examine this issue in a more structured experi-
ment. In addition, it is important to evaluate verb com-
prehension and access separately, to identify where a
potential deficit may lie. In this study, we askedwhether
individuals with DS differ in their verb processing and
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production profiles from those seen in individuals who
were receptive vocabulary age matched and TD, and
whether these profiles differ as a function of verb type
(i.e., one-, two-, and three-place verbs). We also explored
whether any differences in verb-processing abilities
would be related to their known deficits in working
memory when compared with peers of similar mental
age (see Seung & Chapman, 2000; and Jarrold, Nadel,
& Vicari, 2009, for extended discussion). For example,
Mosse and Jarrold (2011) did not find impacts of working
memory capacity on novel word learning in individuals
withDS.We sought to assess its relationship to syntactic
ability.We hypothesized that individuals with DSwould
demonstrate a specific deficit in argument structure that
would be more evident as the number of verb arguments
in a sentence increased. Finally, given the literature that
specifically has revealed syntactic deficits in individuals
with DS that exceed those seen in other domains, we
hypothesized that these deficits would notmerely reflect
general deficits in working memory capacity.

Method
Participants and Matching Procedures

Nine individuals with DS and nine receptive vocabu-
lary age-matched controls participated. Individuals
with DS were recruited through local county groups
and organizations for parents with children who have
DS and for older individuals with DS by using flyers
and electronic postings to these groups; TD children
were recruited through the same organizations and
through a University of Maryland database of families
who are interested in participating in research. All par-
ticipants were given the Peabody Picture Vocabulary
Test—Fourth Edition (PPVT–4; Dunn & Dunn, 2007)

by the first author, to make pairwise matches for recep-
tive vocabulary age. Individuals who are TD were con-
sidered a match for an individual with DS if they were
the same gender and had a PPVT–4 raw score within 5
points of the score of the individual with DS. A total of 19
individuals with DS initially participated in the study.
Four were excluded from analysis due to substantial
(> 50%) exposure to a second language from a young
age; 2 participants failed a hearing screening at all fre-
quencies, at both 20 dB and 40 dB, in both ears. One par-
ticipant with DS was excluded from analysis because of
a notably low raw score on the PPVT–4 (58), for which a
typically developingmatchwould have been too young to
participate in this study (i.e., under 3 years old). Of the 12
remaining participants with DS, 9 were successfully
matched to typically developing children for gender and
PPVT–4 raw score and were included in the final analy-
sis. The individuals with DS had a mean PPVT–4 raw
score of 112.9 (range = 74–183), and the individuals
who are TD had a mean PPVT–4 raw score of 114.9
(range = 73–185), t(8) = –0.1201, p = .907,ns (see Table 1).

Participants with DS ranged in age from 11;11
(years;months) to 32;10, with a mean age of 18.9 years.
As might be expected, individuals in the control group
were considerably younger, ranging in age from 3;2 to
13;6 with a mean age of 6.1 years. Detailed information
about participants is recorded in Table 1.

Participants’hearingwas evaluated using a pure-tone
audiometric screening test at 500, 1000, and 2000 Hz at
20 dB and 40 dB to confirm adequate ability to hear all
experimental instructions and stimuli. All participants
passed the screening at all frequencies at 40 dB, and all
but 2 individuals withDS passed the screening at all fre-
quencies at 20 dB. One of the individuals with DS was
aided in the right ear and had a threshold at 25 dB. The
other individualwithDS failed at 1000and4000Hz inhis

Table 1. Participant characteristics. Participant (matched pairs) ages (years;months), Peabody Picture Vocab-
ulary Test—Fourth Edition (PPVT–4) raw scores, and genders (F = female, M = male). DS = Down syndrome;
TD = typically developing.

Pair no.

DS participants TD participants

Gender
Age

(years;months)
PPVT–4
raw score

Age
(years;months)

PPVT–4
raw score

1 16;0 183 13;6 185 F
2 17;0 96 5;2 101 F
3 19;4 113 6;6 114 M
4 15;1 83 4;5 88 F
5 32;10 147 7;10 152 M
6 11;11 74 3;2 73 F
7 24;0 82 3;4 84 F
8 17;4 114 5;0 109 M
9 16;8 124 5;7 128 M
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left ear, but he passed at all frequencies in the right ear.
Because both participants had normal hearing unilater-
ally, they were judged to have adequate hearing to par-
ticipate in this study.

Stimuli and Procedures
Testing was completed during two sessions for all

participants and took place in quiet locations in partici-
pants’ homes (one individual with DS was tested in his
day care placement). The first session consisted of the
PPVT–4 (Dunn & Dunn, 2007), a digit-span task, a
word-span task, a sentence-repetition task, a single-
word-naming task, and the hearing screening. The sec-
ond session consisted of a digit-span task that required
nonverbal response, a word-span task with nonverbal
response, a spatial-memory task, a single-word compre-
hension task, a grammaticality judgment task, and a
narrative task. Each session lasted approximately 1 hr.
Task order was fixed for all participants. Feedback on
the accuracy of participants’ responses was provided
during the practice trials for all tasks. Each task and
its corresponding stimuli are described below.

Memory Tasks
Nonverbal response tasks. Three memory tasks that

require nonverbal response were administered: a digit-
span task, aword-span task, and a spatial-memory task.
These tasks were developed for the assessment of verbal
and nonverbal short-term memory in patients who are
brain damaged (De Renzi & Nichelli, 1975). For the
digit-span task, participants were provided with digit
strings of increasing length, presented verbally. After
each string, all participants were provided with a piece
of paper with the stimulus digits 1–9 arranged in a ran-
dom 3 × 3 design and were asked to point to the digits in
order. Similarly, during the word-span task, participants
were providedwithword strings of increasing length (e.g.,
bread–cup–ladder), presented verbally and were asked
to point to the appropriate picture in a 3 × 3 array. The
spatial-memory task used the same material as the
digit span, but the experimenter pointed to the digits
rather than presenting them verbally.

All participants were provided with two practice
strings at the beginning of each task, which they were
required to pass to participate further in the task, and
then were presented with pairs of strings of increasing
length (i.e., 2 two-item strings, 2 three-item strings,
etc.). Participants were given 1 point for one correct
string in a pair and an additional .5 point if the second
string was also correct. Administration was discontinued
when a participant failed both items in a pair. Partici-
pants were required to pass admission criteria for each
nonverbal memory task to participate; all did so except

for 2 individuals with DS who failed admission criteria
for the digit-span task and, therefore, did not participate
in that task. Administration for the nonverbal memory
tasks lasted approximately 10–15 min.

Verbal response tasks. Three memory tasks that re-
quire verbal response were given: a digit-span, a word-
span, and a sentence-repetition task. All three are from
theTest ofAuditoryProcessingSkills—3 (TAPS–3;Martin
&Brownell, 2005) and are designed tomeasure auditory
working memory. For the digit-span task, participants
are provided verbally with digit strings of increasing
length and must repeat each string immediately after
presentation. The same protocol was repeated with
word strings and sentences of increasing length.

All participants were provided with two practice
strings at the beginning of each task. Consistent with the
TAPS–3 scoring guide, participants were given 2 points
for strings repeated correctly, 1 point for strings inwhich
all digits or words were recalled but out of order, and
0 points for strings with omissions, substitutions, or inser-
tions. For each task, admission was discontinued when
participants made three consecutive 0-point responses.
All participants completed all three tasks in approxi-
mately 10–15 min.

Naming and Comprehension Tasks
Stimuli. Lists of 36 verbs and 36 nouns, matched for

cumulative frequency (Francis & Kučera, 1982) and
number of syllables, were used for the naming and com-
prehension tasks; these were the same as those used by
Kim and Thompson (2000, 2004) and are listed in Appen-
dix A. A number of words can be used as both nouns and
verbs; all but three words are used in their intended form
at least 75% of the time (Francis&Kučera, 1982); see Ap-
pendix 1. Two verbs (bark, cry) and one noun (arm) were
included, despite having greater than 25% usage in the
other form class, because the meaning of the word differs
across forms.

The verbs were classified as one-place, two-place, or
three-place verbs, based on the number of arguments as-
sociatedwith that verb. Verbswere considered two-place
or three-place regardless of the optionality of the ar-
guments that may appear with those verbs, because op-
tionality of arguments did not affect the ability of
patients with agrammatic aphasia on naming and cate-
gorization patterns (Kim & Thompson, 2000).

Frequency and phonological properties of words can
potentially affect the accuracy and efficiency of word re-
trieval. To ensure that these factors could not play a role
in our results, we carefully matched our sets on the
following properties: (a) Log-based frequency counts
(based on both the Francis &Kučera, 1982, adult corpus
and the Carroll, Davies, & Richman, 1971, child corpus);
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(b) number of phonological neighbors (counting all
words in a 20,000-word dictionary with at least a 6.0 on
a 7-point familiarity rating scale; Nusbaum, Pisoni, &
Davis, 1984) that differed from the target by a single pho-
neme); (c) frequency-weighted neighborhood density;
and (d) the frequency with which the general sound pat-
tern of the target word is encountered (i.e., phonotactic
probability),whethermeasuredbyphonemes or biphones
(see Vitevitch & Luce, 2004). There were no significant
differences either between nouns and verbs or among
the three verb types on any of these factors.

Hand-drawn, black-and-white linedrawings servedas
stimuli for the tasks involving single words. All stimulus-
item drawings used in the comprehension and naming
tasks (including distractor pictures) had been piloted
in a naming task with 10 typically functioning adults.
All drawings elicited target responses in at least 90%
of piloted responses.

All participants completed both the naming and com-
prehension tasks. The same 36 verb and 36 noun targets
were used for both tasks. The naming task was adminis-
tered during the first session, and the comprehension
task was administered during the second session.

Single-word naming.During each trial, participants
were presented with a line drawing on a Macintosh lap-
top, and their response was recorded by using a portable
digital voice recorder. Noun and verb naming trials were
administered separately. Participants were told whether
the following pictures would illustrate things or actions,
and they were provided with two practice items before
eachportion of the task. For this, aswell as all subsequent
tasks, participants were required to pass the practice
items before moving to the main task. Five individuals
withDSand5 individuals from the control group received
the noun portion of the task first, and the others received
the verb portion of the task first. Participants were given
20 s to respond on each trial. Semantically appropriate
responses (e.g., cup for glass) were considered accurate;
for verbs, thesewere required to have the sameargument
structure as the targets (e.g., mix for stir, jog for run).

Single-word comprehension.During each trial of the
comprehension task, participants saw four drawings
representing the target word, a semantically related
foil, a phonologically related foil, and an unrelated
word. Examples of such sets are bark, meow, bake,
kneel; cry, laugh, fry, weigh; and hat, belt, bat, star.
The position of the target word was counterbalanced
across trials and was the same for all participants.
Trial order was randomized for each participant. Parti-
cipants were instructed to point to the appropriate
image; nouns and verbs were administered separately
as in the naming tasks. Participants were given a two-
item practice set at the beginning of both the noun and
verb comprehension portions of the task. If participants

providedmore than one response during the comprehen-
sion task, they were cued to provide their final answer.

Grammaticality Judgment Task
All sentences used in the grammaticality judgment

task were designed to evaluate the ability to detect gram-
matical errors in argument structure, modeled after the
grammaticality task used by Kim and Thompson (2000,
2004). The task consisted of 44 sentences that contained
verbs with one, two, or three obligatory arguments, all of
which were used in the naming and comprehension tasks
(except two additional verbs with three obligatory argu-
ments, lean and stick; these cannot appear in the other
constructions). All sentences were in the present tense,
with subject–verb–objectword order; halfwere grammat-
ical and half ungrammatical. Of the grammatical sen-
tences, half (11) included solely obligatory arguments
for each verb type, and half included obligatory argu-
ments plus an adjunct (optional) argument. Of the un-
grammatical sentences, 12 included omission of one or
two obligatory arguments and 10 included addition of
an illegal argument. There was no significant difference
between the grammatical and ungrammatical sentences
in sentence length (no. of words; mean grammatical: 7.5;
mean ungrammatical: 6.5; Mann–Whitney U converted
to Z = 1.198, ns). Example stimuli appear in Appendix B.
The examiner presented all sentences verbally while the
sentence was viewed in print on the laptop. Participants
were instructed to indicate whether “each sentence
sounds (good/OK/grammatical) or (bad/silly/ungrammat-
ical)” by pointing to either a happy face (good grammar)
or a frowning face (bad grammar). They were told to re-
spond on the basis of grammaticality, not content. Par-
ticipants were provided with a four-item practice set
consisting of two grammatical sentences (onewith solely
obligatory arguments and one with obligatory argu-
ments plus an adjunct argument) and two ungrammat-
ical sentences (one with omission of one obligatory
argument and one with the addition of an illegal argu-
ment). Corrective feedback was given during example
sentences. Target sentences were presented in random
order, and participants were given 20 s to respond on
each trial. All subjects completed the grammaticality
judgment task.

Narrative Task
Participantswereasked tonarrate simple scripts (e.g.,

a person getting ready for work) elicited by four se-
quenced, hand-drawn, black-and-white pictures, after
the story was modeled by the examiner. Example story
prompts are provided in Appendix C. Participants were
presented with the pictures, one at a time, and were
asked to follow along as the examiner narrated the
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story. The examiner provided a sentence for each picture.
Participants were then providedwith the same sequence,
and were asked to retell the story to the examiner. They
were encouraged to produce one utterance for each pic-
ture, and all participants did so. All four pictures were
presentduring the retell task.Participantswerepresented
with one practice story followed by nine test stories in
random order. Corrective feedback was given during the
practice story. Three of the test stories highlighted one-
place verbs, three highlighted two-place verbs, and
three highlighted three-place verbs. In each story of
four sentences, three sentences were considered target
sentences that contained the highlighted verb type (one-,
two-, or three-place). The mean number of words per
story was 23.6 for one-place stories and 24 for two-place
and three-place stories. For target sentences, the average
number of wordswas 5.9 for one-place stories, 6.2 for two-
place stories, and 6.7 for three-place stories. Narratives
were recorded and transcribed to identify (a) the percent-
age of target utterances that included verbs, both overall
and per verb type; (b) the proportions of target verbs pro-
duced overall and for each verb type; and (c) the propor-
tions of target verbs produced with correct argument
structure, both overall and for each verb type. Elements
of argument structure were considered present and accu-
rate if any word representing the element of argument
structure in question was present. For example, “Mary
give cookie her” was considered accurate because the
three obligatory elements of argument structure were
present (Mary, cookie, and her), even though additional
words (such as the determiner “a”) were absent. Optional
two-place verbs were considered to have accurate use of
argument structure if a subject element was present.
The optional three-place verbs bake, cut, knit, read, sew,
and write were considered to have accurate use of argu-
ment structure if a subject element was present; the
verb frywas considered to have accurate use of argument
structure if a subject and direct object were present. Un-
intelligible sentences were excluded from analysis; this
included one sentence from each of 4 participants with
DS (2 two-place sentences and 2 three-place sentences).
A second judge, blind to participant group as well as verb-
type classifications, scored the accuracy of argument
structure scores in each target sentence using the writ-
ten transcripts of the responses. Interrater reliabilitywas
greater than 90% for argument structure accuracy for all
target sentences as well as by verb type.

Analyses
In preliminary analyses, assumptions of homoge-

neity of variances were not met for most comparisons.
Therefore, all two-sample tests were performed by
using a nonparametric test (Mann–Whitney, corrected
for tied ranks and converted to yield a z score). Although

members of the two groups were matched on PPVT,
there are many other factors on which they were not
paired, and, thus, we are conservatively treating them
as unpaired groups. Cohen’s ds are used as measures
of effect size. Spearman rank order correlations were
used for all measures of correlation and reliability. Pro-
portioned accuracy scores converted into arcsine values
were used for analyses for all tasks except for thememory
tasks, for which raw scores were used, and the reaction
time measures, for which time in milliseconds was used.

Results
Memory Tasks
Tasks Requiring Nonverbal Responses

Consistent with our hypothesis that participants
withDSwould score similarly to typicalmatches on non-
verbal tasks, no statistically significant differences were
found between the DS and TD groups for any memory
tasks that require a nonverbal response: digit span
(DS, M = 2.9, SD = 1.7; TD, M = 4.6, SD = 2.2; Mann–
Whitney z =1.4875, ns); word span (DS, M = 3.1, SD =
1.3; TD, M = 3.5, SD = 2.3; Mann–Whitney z = 0.1776,
ns); or spatial memory (DS, M = 3.9, SD = 1.3; TD, M =
4.3, SD = 2.1; Mann–Whitney z = 0.1777, ns).

Tasks requiring verbal responses. It was predicted
that the individuals with DSwould performmore poorly
than the TD control group onmemory tasks that require
a verbal response. However, analyses revealed no sig-
nificant differences between groups on either the digit-
span task (DS,M = 9.9, SD = 4.5; TD,M = 12.3, SD = 4.5;
Mann–Whitney z = 1.2965, ns) or the word-span task
(DS, M = 10.7, SD = 4.5; TD, M = 13, SD = 4.9; Mann–
Whitney z = 0.9931, ns). However, a significant difference
was found on the sentencememory task (DS,M = 6, SD =
4.8; TD, M = 16.9, SD = 6.6; Mann–Whitney z = 3.0147,
p = .003; see Figure 1). Effect size was large (d = 2.01).

Summary, memory tasks. The DS group performed
significantly worse than the TD group on the sentence
memory task, while performing similarly to the TD
group on all other measures of memory skills. This sug-
gests that their memory deficits are not tied to linguistic
stimuli or verbal responses, per se, but may instead be
tied to language processing.

Verb Comprehension and Production
Single-word comprehension. It was hypothesized

that groups would perform similarly on both the noun
and verb portions of the single-word comprehension
task, and this was the case for nouns (DS, M = 0.97,
SD = 0.002; TD, M = 0.97, SD = 0.004; Mann–Whitney
z = 0.7516, ns) and verbs (DS, M = 0.88, SD = 0.008; TD,
M = 0.92, SD = 0.009; Mann–Whitney z = 1.2033, ns).
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Single-word naming. We predicted that the DS
group would perform worse on the verb portion of the
single word-naming task than the TD group and that
the groups would perform similarly on the noun portion
of the naming task. However, no significant difference
was found between the DS and TD groups for either ac-
curacy on the noun-naming task (DS, M = 0.86, SD =
0.007; TD, M = 0.85, SD = 0.105; Mann–Whitney z =
0.0890, ns) or the verb-naming task (DS, M = 0.51,
SD = 0.237; TD, M = 0.64, SD = 0.197; Mann–Whitney
z = 1.2369, ns). In addition, the groups were compared
for proportions of target noun and verb responses (not
including other semantically appropriate, accurate re-
sponses). No significant differences were found on either
the noun-naming task (DS,M = 0.78, SD = 0.11; TD,M =
0.79, SD = 0.11; Mann–Whitney z = 0.2233, ns) or the
verb-naming task (DS, M = 0.45, SD = 0.24; TD, M =
0.56, SD = 0.22, Mann–Whitney z = 0.9825, ns).

Narratives. It was hypothesized that the DS group
would produce fewer verbs in their narratives compared
with the TD group, indicating a specific deficit in verb
retrieval, and this prediction was upheld. There was
a significant difference between groups on the percent-
age of target sentences containing verbs (DS, M = 0.84,
SD = 0.18; TD, M = 0.99, SD = 0.02; Mann–Whitney z =
2.1866, p = .029). Effect size was large (d = 1.28).

We also performed ancillary analyses of the narra-
tives, to place the groups’ performance into a larger per-
spective in regard to overall language skills. Although
matched by receptive vocabulary, individuals with DS
produced fewer words than individuals who are TD dur-
ing this task (DS,M=138.2,SD=67.1;TD,M=191.4,SD=
4.2; Mann–Whitney z = –1.59, p = 11, ns). Their sen-
tences were also shorter in mean length (measured in
words; DS, M = 3.81, SD = 1.8; TD, M = 5.3, SD = 0.34;
Mann–Whitney z =–1.59,p= .112,ns).Type-token ratios

(TTR) were somewhat lower for participants with DS
(DS, M = 0.464, SD = 0.15; TD, M = 0.539, SD = 0.003;
Mann–Whitney z = 1.02, p= .31,ns), even though the fre-
quent omission of sentence elements by the individuals
with DSmay have elevated their TTR values somewhat.

Grammaticality judgments. It was hypothesized
that the DS group and the TD group would perform sim-
ilarly on the grammaticality judgment task. However,
analyses revealed a significant difference between the
DS group and the TD group on the grammaticality judg-
ment task (DS,M = 0.55, SD = 0.16; TD,M = 0.74, SD =
0.20;Mann–Whitney z = 2.0373, p = .042). Effect size was
large (d = 1.12). The DS group performed significantly
more poorly than the TD group on the grammaticality
judgment task. Their mean accuracy score (.55) indicates
that the DS group performed at near chance level.

Summary, verb comprehension, and production mea-
sures. In general, the DS and TD groups performed sim-
ilarly on single-word tasks, but the DS group omitted
verbs from target sentences in their narratives and
showed poor grammaticality judgment abilities.

Verb and Argument Structure Processing
and Production

Single-word verb naming. Although no significant
difference was found between the DS group and the
TD group on accuracy of single-word verb naming,
therewas a slight trend for both groups to havemore dif-
ficulty retrieving verbs as the number of arguments in-
creased (see Figure 2). The pattern was more consistent
in the DS group (more difficulty with verb retrieval as
the number of arguments increases) but only represents
an approximate one-item difference in performance
between one-place and three-place verbs. A Tukey–
Kramer multiple comparison test showed that no

Figure 1. Performance for tasks requiring non-verbal and verbal
responses. DS = Down syndrome; TD = typically developing. *p = .003.

Figure 2. Verb naming as a function of argument structure.
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significant differences were found between verb-naming
accuracy for one-place, two-place, and three-place verbs
within the DS group (p > .05).

Narratives. The number of verb arguments could
hypothetically affect both the production of the verbs
themselves and the production of their arguments; we
predicted that both would be the case. We found that
the DS group omitted significantly more verbs than
the TD group for both two-place (DS, M = 0.85, SD =
0.16; TD, M = 1, SD = 0; Mann–Whitney z = 2.7892,
p = .005; large effect size,d= 1.43) and three-place target
sentences (DS, M = 0.80, SD = 0.28; TD, M = 1, SD = 0;
Mann–Whitney z = 2.1259, p = .034; large effect size,
d = 1.08), although not for one-place sentences (DS,
M = 0.86, SD = 0.16; TD, M = 0.98, SD = 0.005; Mann–
Whitney z = 1.6178, ns; see Figure 3). The TD group per-
formed basically at ceiling and rarely omitted verbs.
Despite this difference across groups, a Tukey–Kramer
multiple comparison test showed no difference in verb
production accuracy for one-place, two-place, and three-
place verbs within the DS group (p > .05).

Similarly, individualswithDSproduced significantly
fewer elements of obligatory argument structure (DS,
M = 0.71, SD = 0.33; TD, M = 0.99, SD = 0.003; Mann–
Whitney z = 2.8113, p = .005; large effect size, d = 1.27).
This difference was present in both two-place (DS, M =
0.57,SD = 0.46; TD,M = 0.98,SD = 0.002;Mann–Whitney
z = 2.1051, p = .035; large effect size, d = 1.35) and three-
place verbs (DS, M = 0.71, SD = 0.32; TD,M = 0.98, SD =
0.006; Mann–Whitney z = 2.5126, p = .012, large effect
size, d = 1.26), although not in one-place verbs (DS, M =
0.85, SD = 0.33; TD, M = 1, SD = 0; Mann–Whitney Z =
1.7669, ns; see Figure 4). The DS group was more likely
to omit obligatory elements of argument structure than
the TD group in target sentences containing two-place
and three-place verbs, whereas omission was rarely seen

in responses from the TD group. However, as in the verb
production results, a Tukey–Kramer multiple comparison
test showed no difference in verb production accuracy for
one-place, two-place, and three-place verbs within the DS
group (p > .05).

The narrative task may be overestimating partic-
ipants’ performance somewhat because some of the
two-place and three-place verbs had optional argu-
ments; these items were marked as accurate with only
the required arguments present. On the other hand,
those verbs with more nonoptional arguments also pro-
vide more opportunities to omit necessary elements,
which could result in poorer accuracy for a relatively
trivial reason. To further explore whether this was the
case, production of subject arguments (which are re-
quired in all verb types, one-place, two-place, and three-
place verbs) was analyzed for all verbs and by verb type.
There was a significant difference between the DS and
TD groups on percentage of all target verbs with subject
arguments (DS, M = 0.74, SD = 0.34; TD, M = 1, SD = 0;
Mann–Whitney z = 2.7872, p = .005), with the DS group
significantly more likely to omit subject arguments, a be-
havior never observed in the TD group. Effect size was
large (d = 1.16). This was present in both two-place (DS,
M = 0.62, SD = 0.44; TD, M = 1, SD = 0; Mann–Whitney
z = 2.4606, p = .014, large effect size, d = 1.28) and three-
place verbs with subject arguments (DS, M = 0.76, SD =
0.33; TD, M = 1, SD = 0; Mann–Whitney z = 2.4585,
p = .014, large effect size, d = 1.10) but not in one-place
verbs (DS, M = 0.85, SD = 0.33; TD, M = 1, SD = 0,
Mann–Whitney z = 1.7669, ns; see Figure 5). This sug-
gests that the difference between groups in the verbs
requiring more argument structures was not simply
the result of there being more opportunities for errors
in these verbs. However, as before, no significant differ-
ences were found between subject-production accuracy

Figure 3. Obligatory verb use in narratives. *p = .03. **p = .005.

Figure 4. Proportion of correct verb use by verb type. *p = .035.
**p = .012.
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in narratives for one-place, two-place, and three-place
verbs within the DS group (p > .05).

Summary, verb, and argument structure. In gen-
eral, individuals with DS made more errors than their
vocabulary-matched peers on both two-place and three-
place verbs but not on one-place verbs. They were more
likely to omit verbs and verb arguments than the control
participants, particularly as the number of arguments
increased. They also occasionally omitted subject argu-
ments, a behavior not seen in the TD participants.

Predictors
The participants with DS represented a wide range

of ages (11;11–32;10), and they had awide range ofmem-
ory skills. To explore whether performance varied as a
function of these factors, we calculated correlations be-
tween language tasks and both age and memory skills.
Within the DS group, no significant correlations were
found between age and grammaticality judgment accu-
racy, verb-naming accuracy, or subject-production accu-
racy (age grammaticality, r = –.276, p = .47; age–verb
accuracy, r = –.235, p = .54; age–subject accuracy, r =
–.067, p = .86; all ns). Performance on the sentencemem-
ory task was highly correlated to verb production accu-
racy (r = .62, p = .006), argument structure accuracy (r =
.75, p = .0004), and subject-production accuracy (r = .74,
p = .0005) across participants. Thus, language-production
accuracy may be tied to working memory ability.

Discussion
This study investigated the ability to retrieve and

comprehend verbs and elements of argument structure
in individuals with DS compared with typically develop-
ing children of comparable receptive vocabulary abili-
ties. It also investigated memory skills in these two

populations. In both domains, individuals with DS
showed deficits that were specific to situations that in-
volve syntactic processing.

Participants were tested in six different memory
tasks, differing in the type of information to be retained
and the type of response to be given. Relatively success-
ful retrieval of visual information, namely the spatial-
memory task that requires a nonverbal response, was
consistent with previous findings that indicated that
individuals with DS are not impaired relative to individ-
uals who are learning disabled, but without DS on tasks
that rely on storage, retention, and retrieval of visual in-
formation (Bower&Hayes, 1994; Chapman, 2006; Rowe
et al., 2006), nor impaired relative to children who are
TD, as indicated by this study. However, contrary to pre-
vious findings (Bower & Hayes, 1994; Chapman, 2006;
Rowe et al., 2006), individuals with DS also performed
similarly to vocabulary-age matched individuals who
are TDwhen asked to repeat digits andwords.Matching
procedures (e.g., use of the Stanford–Binet, age, nonverbal
IQ, alternativemeasure of vocabulary skills, respectively)
may account for the differences that we observed. It was
onlywhen the element of grammarwas introduced, in the
sentence memory task, that the individuals with DS per-
formed significantly worse than the TD control group.
Thismay imply that individuals withDS do not necessar-
ily have impaired memory skills when compared with
individuals who are TD of comparable language age but
that grammatical processing affects the ability for individ-
uals with DS to store, retain, and retrieve verbal in-
formation. Sentence-repetition tasks are often used in
language assessment specifically because they appear
to require re-encoding of the stimuli through the speaker’s
internal grammatical rules. This finding reinforces the
theory of a specific deficit in expressive grammar (syntax)
in individuals with DS (Chapman et al., 1998; Chapman
& Hesketh, 2000; Vicari et al., 2000).

It was predicted that individuals with DS would ex-
hibit a deficit in retrieval of verbs and elements of argu-
ment structure, while remaining relatively unimpaired
in comprehension of verbs in isolation and grammatical
rules of argument structure in sentences. It was also pre-
dicted that this verb deficit would be more apparent as
the number of arguments associated with a verb in-
creased. Results indicate that individuals with DS do
display a specific deficit in verb and argument structure
retrieval that varies as a function of verb type (one place,
two place, and three place).

The individuals with DS did not differ significantly
from the individuals who are TD in comprehension of
isolated nouns or verbs, as predicted. However, contrary
to predicted results, the individuals with DS also did not
differ significantly from the individuals who are TD in
naming of single nouns or verbs. Both groups had diffi-
culty retrieving verbs to label stimulus pictures. The

Figure 5. Proportion of subject arguments included. *p = .014.
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wide difference in ages between the DS and TD groups
may explain the similarity in performance on this task.
Although the groupwithDSmay have a specific difficulty
retrieving verbs, the group who is TD may not have the
same level of exposure to verbs as the group with DS,
causing the gap between the verb retrieval skills of the
groups to remain relatively small and statistically insig-
nificant. Although statistically insignificant, there was a
trend for the group with DS to perform worse than the
group that is TD on verb-naming accuracy for one-place,
two-place, and three-place verbs, and this difference in-
creased as the number of arguments associated with
the verbs increased.

Itwas predicted that the individuals withDSand the
individuals who are TD would perform similarly on the
grammaticality judgment task, indicating that both
groups have similar understanding of the grammatical
rules that govern argument structure. However, the indi-
viduals with DS performed significantly worse than the
individuals who are TD on this task, and in fact they per-
formed at near-chance level. Observation suggests that
individuals with DS often appeared to guess on this task
and also often seemed to misinterpret task instructions,
despite passing practice items. Individuals with DS
often responded that the sentence had good grammar
if the content was good and bad grammar if the content
was bad. For example, an individual with DS responded
that the sentence, “The girl is spilling the milk in the
kitchen.” was a bad sentence because spilling is bad. Al-
though some individualswho areTDwere noted to inter-
pret the task in this way as well, it was much more
common in the individuals with DS. It is difficult to
know whether misinterpretation of task instructions or
impaired comprehension of argument structure contrib-
uted more to the poor performance on this task by indi-
viduals with DS.

A specific deficit in verb retrieval in individualswith
DSwas apparent in the narrative task. Individuals with
DS were significantly more likely to omit verbs in target
sentences than individuals who are TD. Furthermore,
when target sentences were broken down into target
one-place, two-place, and three-place verb sentences,
individuals with DS omitted verbs significantly more
often in target two-place and three-place verb sentences
but not in one-place verb sentences. This supports the
notion that individuals with DS not only have a specific
deficit in verb retrieval but also that it is affected by how
many arguments are associated with a verb. Specifically,
the more arguments that are associated with a verb, the
more difficult it is to retrieve. This is especially interest-
ing because verb retrieval in individuals with DS seems
to be affected by the number of arguments associatedwith
that verb despite the optionality of those arguments.

Accuracy of argument structure retrieval is also
impaired in individuals with DS. Individuals with DS

are significantlymore likely to produce verbs with incor-
rect argument structure, specifically two-place and
three-place verbs. Although there are more opportuni-
ties for omission of elements of argument structure
as the number of arguments associated with a verb
increases, there is evidence that the effect of verb type
(one-place, two-place, or three-place verbs) on ability to
retrieve verbs and their argument structure goes beyond
this probability effect. The TD participants did not have
difficulty retrieving elements of argument structure,
regardless of verb type, at near 100% accuracy, despite
their young age compared with the DS participants.
In addition, the probability effect is somewhat mini-
mized by the inclusion of optional two- and three-place
verbs, most of which only require a subject argument.
Effects of verb type on verb and argument structure
retrieval in individuals with DS compared with individ-
uals who are TD, despite the optionality of arguments,
strengthens the interpretation that individuals with DS
demonstrate a specific verb-retrieval deficit that is influ-
encedby thenumber of arguments associatedwith a verb.

Perhaps the most interesting and compelling evi-
dence of the effect of verb type on argument structure re-
trieval is the significant difference between DS and
individuals who are TD in subject-argument production.
Individuals with DS were significantly more likely to omit
subjects in sentences with two-place and three-place verbs
than individuals who are TD, but this difference was not
found in sentences with one-place verbs. Despite the
obligatory nature of the subject argument in all stimulus
sentences, and all English sentences with the exception
of imperatives, this difference was only found in those
sentences that require verbs associated with more argu-
ments (two-place and three-place verbs). One possible
theory is that as the number of arguments associated
with a verb increases, so does sentence processing diffi-
culty; to reduce demands on the language system, indi-
viduals with DS “opt” to eliminate the subject because it
is most easily recovered from the context that was pro-
vided in the elicitation task.

This study found that individuals with DS have a
specific deficit in verb retrieval compared with individ-
uals who are TD matched for receptive vocabulary age,
which was most apparent in omission of verbs in narra-
tive productions. This is consistent with prior work also
finding verb-production deficits in individuals with DS.
It was also found that verb and argument structure re-
trieval is affected by the number of arguments associated
with that verb, as indicated by omission of two-place and
three-place verbs and arguments (viz., subject argu-
ments) in narrative productions (as compared with one-
place verbs). Verb retrieval in isolation was not signifi-
cantly impaired in individuals with DS, but there was a
trend for individuals with DS to label verbs less accu-
rately than individuals who are TD, and this trend was
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more apparent as the number of arguments associated
with a verb increased. Individuals with DS had signifi-
cantly poorer comprehension of argument structure
than individuals who are TD as measured by a gram-
maticality judgment task; however, it is suspected that
comprehension of task instructions had an effect on the
performance of some individuals with DS. Single-word
comprehension for nouns and verbs did not differentiate
the DS and TD groups.

Sentencememorywas highly correlated with several
measures of performance on the narrative task (verb-
production accuracy, argument-structure accuracy, and
subject-production accuracy). A specific deficit in sen-
tence memory, which was apparent in the individuals
with DS, could have contributed to poor performance on
the narrative task. However, the mean number of words
per target sentence was similar across verb type (i.e.,
within one word from one another), suggesting that
verb type contributed to significant differences in perfor-
mance rather than sentence length alone.

Similarly, although it is possible that verb frequency
played a role in the performance profiles that we ob-
served, our stimulus sets were balanced for this factor,
aswell as phonological neighborhood density and phono-
tactic probability. That differences in performance were
detected as argument structure increased, with these
other factors held constant, suggests that our findings
were not primarily the result of word frequency charac-
teristics of our stimulus set.

We do recognize that our sample of participants was
relatively small and somewhat heterogeneous in profile
on some tasks. However, that we observed large effect
sizes for those statistical findings suggestive of a verb re-
trieval deficit in our sample of individuals with DS can
serve as support for the continued investigation of syn-
tactic abilities in this population, using larger samples
and additional tasks.

In addition, although we originally matched our par-
ticipants by receptive vocabulary ability, we knew that
their performance on our more general language pro-
duction tasks, such as the narrative, might differ quite
broadly.Asnoted earlier in our discussion of thenarrative
analyses, although the individualswithDSproducednar-
ratives with fewerwords andwith shortermean length of
utterance measured in words, these differences failed to
reach statistical significance, suggesting that our match-
ing process had identified groups of participants broadly
equivalent in expressive language skills.

Directions for Future Research
This study supplements previous studies, indicat-

ing that individuals with DS have a fairly specific deficit

in expressive syntax. It also strengthens the theory that
this deficitmay stem, at least in part, froma specific defi-
cit in verb and argument structure retrieval, which, in
turn, may be influenced by the number of arguments as-
sociated with a verb. It would be desirable to analyze
verb and argument structure retrieval in structured
and unstructured narrative and conversational lan-
guage samples within the same population of participants
that would more closely mirror everyday language use
by individuals with DS. In addition, it would be interest-
ing to further examine subject omission in individuals
with DS in structured and unstructured language sam-
ples and how this pattern might relate to verb and argu-
ment structure retrieval and processing and expressive
grammar deficits, as well as strategies that DS spea-
kers appear to use when demands for formulation ex-
ceed their production capacity. Many studies are either
naturalistic or experimental; we may profit from a combi-
nation of such tasks within the same samples. A lon-
gitudinal study following individuals with DS from
a young age would be worthwhile to investigate the
development of verb and argument structure production
in this population.

It is unclear whether an impairment in verb and
argument structure retrieval in individuals with DS
reflects a poorly organized lexicon, incomplete entries in
the lexicon, or difficulty accessing entries in the lexicon.
Replication of tasks within a group of individuals with
DS would allow examination of the consistency of verb
and argument structure retrieval. If individuals with
DS are consistent in their ability to retrieve verbs and
their arguments, it may indicate that there is a break-
down in the organization or quality of representations
of these entries. However, if verb and argument struc-
ture retrieval is inconsistent, it may reflect a breakdown
in access rather than storage of verb entries.

There is a need for more research in the language of
people with DS, particularly on adults, considering its
relatively wide prevalence. This study negates the no-
tion that there is a generalized depression in language
ability that is predicted by cognitive skills in persons
with DS. The discrepancy between language and cogni-
tive scores supports the view that individuals with DS
are able to continue to master language skills well into
their adult years. Understanding how language devel-
ops in individuals with DS should lead to more effective
methods of improving language and communication
skills in this population.

Acknowledgments
We thank Yasmeen Shah for help on this project, the

Language Development Lab (R. Newman, PI), and Jessica
Bauman, who helped with reliability.

1746 Journal of Speech, Language, and Hearing Research • Vol. 55 • 1736–1749 • December 2012



References
Bower, A., & Hayes, A. (1994). Short-term memory deficits
and Down’s syndrome: A comparative study. Down’s Syn-
drome, Research and Practice, 2, 47–50.

Byrne, A., Buckley, S., MacDonald, J., & Bird, G. (1995).
Investigating the literacy, language and memory skills of
children withDown’s syndrome.Down’s Syndrome, Research
and Practice, 3, 53–58.

Carroll, J. B., Davies, P., & Richman, B. (1971). Word fre-
quency book. Boston, MA: Houghton Mifflin.

Caselli,M. C.,Monaco, L., Trasciani,M.,&Vicari, S. (2008).
Language in Italian children with Down syndrome and with
specific language impairment. Neuropsychology, 22, 27–35.

Chapman, R. S. (2006). Language learning and Down syn-
drome: The speech and language profile compared to ado-
lescents with cognitive impairment of unknown origin.
Down’s Syndrome, Research and Practice, 10, 61–66.

Chapman, R. S., & Hesketh, L. J. (2000). Behavioral pheno-
type of individuals with Down syndrome.Mental Retardation
and Developmental Disabilities Research Reviews, 6, 84–95.

Chapman, R. S., & Hesketh, L. J. (2001). Language, cogni-
tion, and short-term memory in individuals with Down syn-
drome. Down’s Syndrome, Research and Practice, 7, 1–7.

Chapman, R. S., Schwartz, S. E., & Kay-Raining Bird, E.
(1991). Language skills of children and adolescents with
Down syndrome: I. Comprehension. Journal of Speech and
Hearing Research, 34, 1106–1120.

Chapman, R. S., Schwartz, S. E., & Kay-Raining Bird, E.
(1998). Language skills of children and adolescents with
Down syndrome: II. Production deficits. Journal of Speech,
Language, and Hearing Research, 41, 861–873.

De Renzi, E., & Nichelli, P. (1975). Verbal and non-verbal
short-term memory impairment following hemispheric
damage. Cortex, 11, 341–354.

Dunn, L. M., & Dunn, L. M. (2007). Peabody Picture Vocab-
ulary Test—Fourth Edition. Minneapolis, MN: Pearson
Assessments.

Eadie, P. A., Fey, M. E., Douglas, J. M., & Parsons, C. L.
(2002). Profiles of grammatical morphology and sentence
imitation in children with specific language impairment and
Down syndrome. Journal of Speech, Language, and Hearing
Research, 45, 720–732.

Fabretti, D., Pizzuto, E., Vicari, S., & Volterra, V. (1997). A
story description task in children with Down’s syndrome:
Lexical andmorphosyntactic abilities.Journal of Intellectual
Disability Research, 41, 165–179.

Francis, W. N., & Kučera, H. (1982). Frequency analysis of
English usage. Boston, MA: Houghton Mifflin.

Grela, B. G. (2003). Do children with Down syndrome have
difficulty with argument structure? Journal of Communica-
tion Disorders, 36, 263–270.

Hesketh, L. J., & Chapman, R. S. (1998). Verb use by indi-
viduals with Down syndrome. American Journal on Mental
Retardation, 103, 288–304.

Jarvik, L. F., Falek, A., & Pierson, W. P. (1964). Down’s
syndrome (Mongolism): The heritable aspects. Psychological
Bulletin, 61, 388–398.

Jarrold, C., Nadel, L., & Vicari, S. (2009). Memory and
neuropsychology in Down syndrome. Down’s Syndrome,
Research and Practice, 12, 68–73.

Kim, M., & Thompson, C. (2000). Patterns of comprehension
and production of nouns and verbs in agrammatism: Implica-
tions for lexical organization.Brain and Language, 74, 1–25.

Kim,M., & Thompson, C. (2004). Verb deficits in Alzheimer’s
disease and agrammatism: Implications for lexical organi-
zation. Brain and Language, 88, 1–20.

Laws, G. (2004). Contributions of phonological memory, lan-
guage comprehension and hearing to the expressive lan-
guage of adolescents and young adults with Down syndrome.
Journal of Child Psychology and Psychiatry and Allied Dis-
ciplines, 45, 1085–1095.

Layton, T. L., & Sharifi, H. (1978). Meaning and structure
of Down’s syndrome and nonretarded children’s spontaneous
speech. American Journal of Mental Deficiency, 83, 439–445.

Martin, N., & Brownell, R. (2005). Test of auditory process-
ing skills (3rd ed.). Novato, CA: Academic TherapyPublications.

Mosse, E., & Jarrold, C. (2011). Evidence for preserved novel
word learning inDown syndrome suggestsmultiple routes to
vocabulary acquisition. Journal of Speech, Language, and
Hearing Research, 54, 1137–1152.

Nusbaum, H. C., Pisoni, D. B., & Davis, C. K. (1984). Sizing
up the Hoosier Mental Lexicon: Measuring the familiarity of
20,000 words (Research on Speech Perception Progress
Report 10). Bloomington, IN: Indiana University.

Rowe, J., Lavender, A., & Turk, V. (2006). Cognitive execu-
tive function in Down’s syndrome.British Journal of Clinical
Psychology, 45, 5–17.

Seung, H., & Chapman, R. (2000). Digit span in individuals
with Down syndrome and in typically developing children:
Temporal aspects. Journal of Speech, Language, and Hear-
ing Research, 43, 609–620.

Seung, H., & Chapman, R. (2004). Sentence memory of
individuals with Down’s syndrome and typically developing
children. Journal of Intellectual Disability Research, 48,
160–171.

Thordardottir, E. T., Chapman, R. S., &Wagner, L. (2002).
Complex sentence production by adolescents with Down
syndrome. Applied Psycholinguistics, 23, 163–183.

Vicari, S., Caselli,M. C., &Tonucci, F. (2000). Asynchrony of
lexical and morphosyntactic development in children with
Down syndrome. Neuropsychologia, 38, 633–644.

Vitevitch, M. S., & Luce, P. A. (2004). Aweb-based interface
to calculate phonotactic probability for words and nonwords
in English. Behavior Research Methods, Instruments, and
Computers, 36, 481–487.

Ypsilanti, A., Grouios, G., Alevriadou, A., & Tsapkini, K.
(2005). Expressive and receptive vocabulary in children with
Williams and Down syndromes. Journal of Intellectual Dis-
ability Research, 49, 353–364.

Michael et al.: Verb Argument Structure in Down Syndrome 1747



Appendix A. Noun and verb list.

Verb Frequency % Noun Usage Noun Frequency % Verb Usage

Obligatory One-Place (Ob1)
bark 1 92.9 kite 1 0
crawl 37 9.8 belt 36 7.7
cry 64 35.4 hat 71 0
jump 58 14.7 moon 63 1.6
laugh 89 19.8 box 82 4.7
pray 30 0 shirt 29 0
run 431 17.9 church 451 0
sit 314 0 door 348 0
sneeze 3 0 pear 8 0
snore 4 0 vest 4 0
swim 55 1.8 shoe 58 3.3
wink 18 18.2 axe 19 0

Obligatory Two-Place (Ob2)
carry 304 0 foot 361 0.6
erase 5 0 carrot 5 0
pull 145 8.2 gun 142 1.4
spill 9 0 stool 8 0
stir 39 0 corn 38 0
weigh 33 0 boot 30 11.8
zip 2 0 goat 8 0

Optional Two-Place (Op2)
climb 65 3.0 nose 65 3.0
ride 126 14.3 window 172 0
shave 23 0 bell 23 0
sweep 54 12.9 star 58 6.5
watch 209 12.9 arm 217 21.9

Obligatory three place (Ob3)
give 1264 0.15 hand 717 6.8
put 513 0 house 662 7.4

Optional three place (Op3)
bake 15 0 rabbit 16 0
build 249 0.8 table 242 0.4
cut 245 14 heart 199 0
fry 143 3.4 glass 128 0
knit 18 11 grapes 10 0
pour 48 0 bus 42 0
read 274 0 book 292 2.3
sew 18 0 pie 19 0
throw 150 4.5 tree 160 0
write 561 0 eye 524 2.4
M (SD) 165.4 (264.5) 147.7 (181.1)

Note. This word list is reprinted from Kim and Thompson (2000, 2004).
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Appendix B. Examples of grammaticality judgment sentences.

A. Grammatical sentences with basic argument structure
· The dog is barking.
· The boy is carrying the box.
· The woman is giving the money to the girl.

B. Grammatical sentences with an additional adjunct
· The baby is crawling in the house. (+locative)
· The man is carrying the box to the car. (+locative)
· The woman is giving the money to the girl in the car. (+locative)

C. Ungrammatical sentences with omission of argument(s)
· The boy is carrying. (–NP)
· The woman is giving to the driver (–NP)
· The boy is carrying in the park (–NP) (+locative)
· The man is putting the book at night. (–PP) (+temporal)

D. Ungrammatical sentences with addition of an illegal argument
· The boy is sneezing the girl.
· The boy is erasing her the chalkboard.
· The girl is stirring the man the soup.

Note. Adapted from Kim and Thompson (2004). NP = noun phrase; PP = prepositional phrase.

Appendix C. Narrative examples.

1. The Pool (one place)
a. It is sunny at the pool.
b. A boy runs in the grass.
c. A girl jumps from the diving board.
d. A boy swims in the pool.

2. Joey (two place)
a. Joey is helping the teacher.
b. He carries the teacher’s books.
c. He erases the chalkboard.
d. He sweeps the floor.

3. Hungry (three place)
a. Mary is hungry.
b. She fries eggs on the stove.
c. She bakes cookies in the oven.
d. Mary gives a cookie to her friend.

Note. Target sentences appear in boldface. Target verbs appear in italics.
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