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Abstract

Purpose: Previous studies have raised the possibility of preserved language comprehension in
children with Developmental Language Disorder (DLD) in online tasks and within simple
sentence structures. Consequently, we evaluated the capacity of children with DLD to
comprehend verbal number agreement in simple sentence structures (i.e., Verb-Object-Subject
and Verb-Subject). Method: Using an eye-tracking methodology, we conducted two
psycholinguistic experiments with 96 Spanish- and Catalan-speaking participants. The sample
was distributed into four groups: 24 children with DLD (age range: 4;6-12;6, average age: 7;8),
24 children with the same chronological age (4;6-12;2, 7;8), 24 children with the same linguistic
level (4;6-9;4, 6;8), and 24 university students, as language-experts (18-30, 22;5). Results: The
experimental data indicate that children with DLD can comprehend verbal number agreement, at
least under the present experimental conditions. Conclusions: The empirical outcomes suggest
that number morphology comprehension by children with DLD might be more typical than what

it is generally considered to be.

Keywords: Developmental Language Disorder, language comprehension, verbal number

morphology, eye movements, Psycholinguistics.



Developmental Language Disorder (DLD) is a severe and persistent disorder in the
acquisition and development of oral language, both expressive and receptive, which is not
associated with a medical condition or social difficulty, and which may involve one or more
components of language to different degrees (Bishop et al., 2017). The term DLD is relatively
new. However, until recently, the term Specific Language Impairment (SLI) was the most
prominent. Today, it is generally accepted that children who meet these classic SLI criteria fall
under the umbrella of DLD (Bishop et al., 2017), so this last term will be used throughout the
paper. Many hypotheses regarding the nature of DLD have focused on the grammatical
component, because research findings have shown that morphosyntactic problems in children
with DLD across languages are significant (Leonard, 2014). These problems relate to a variety of
morphological morphemes, such as articles (e.g., Anderson & Souto, 2005; Auza & Morgan,
2013; Morgan et al., 2013), clitic pronouns (e.g., Jacobson & Schwartz, 2002; Morgan et al.,
2013; Restrepo & Gutiérrez-Clellen, 2001), prepositions (e.g., Auza & Morgan, 2013b; Grela et
al., 2004; Sanz-Torrent et al., 2008), derivational and verbal morphemes (e.g., Bedore &
Leonard, 2001; Bishop, 1997; Morgan et al., 2013). Recently, Castilla-Earls et al. (2020)
suggested that clitics and verbs present the best diagnostic accuracy as morphological markers of
DLD in monolingual Spanish-speaking children. Grammatical difficulties are evident in Spanish-
speaking children with DLD, in terms of both production and comprehension (Mendoza, 2016).
In language production, most of the problems that children with DLD face relate to aspects of
verbal morphology (Bedore & Leonard, 2001; Bishop, 1997; Leonard, 2014). However, only a
few studies have tried to clarify whether the problems found in these children’s production also
characterise their language comprehension (Bishop & Adams, 1992; Marinis & van der Lely,

2007; Montgomery, 2000a, b, 2002, 2004; Montgomery et al., 2017).



Production impairments in children with DLD

Studies in the production of morphology concur that the language of children with DLD
shows a higher incidence of incorrect morphemes than that of control groups (Bedore &
Leonard, 2001; Morgan et al., 2013). In English, difficulties in the use of the third-person
singular in the present tense and the past tense morphemes of regular verbs have been reported
(Norbury et al., 2002 Conti-Ramsden et al., 2001; Hoover et al., 2012; Leonard et al., 1997). In
Spanish, studies in the production of tense marking show that children with DLD tend to perform
more poorly than their age-matched peers in the use of past and present tenses in controlled tasks
and that they show a similar pattern to a control group matched by linguistic age. Specific
problems are found in the present third-person plural and the past third-person singular and
plural (Bedore & Leonard, 2001), as well as in the subjunctive mood (Morgan et al., 2013).
However, findings are not consistent with regard to the observation of verbal morphology in
spontaneous speech: Bedore and Leonard (2005) reported no differences among children with
DLD, age-matched peers, and linguistic controls, while other studies report that children with
DLD make more errors than their age-matched peers in tense marking (Grinstead et al., 2014)
and that they are also challenged by the use of inflections of mood, time, and person, particularly
when irregular verbs are involved in conversation (Buiza et al., 2016). Regarding the production
of Spanish verbal morphemes of number, children with DLD, in a longitudinal study (Sanz-
Torrent et al., 2008), were observed to produce singular forms when plural forms were required.
Overall, Spanish-speaking children with DLD seem to be less troubled by verbal inflections than
their English-speaking peers (Guasti, 2017), a conclusion which is in line with the view that
difficulties with morphology in children with DLD vary according to the characteristics of the

specific languages they speak (Auza, 2009). According to the morphological richness account,



built on evidence from crosslinguistic studies of children with DLD (Bedore & Leonard, 2001,
2005; Leonard, 2014; Lidner & Johnston, 1992; Thordardottir, 2008), children with DLD who
acquire a morphologically rich language, such as Spanish, for example, will use grammatical
morphemes more accurately than children with DLD who acquire a language with less
inflectional morphology. Consequently, Spanish-speaking children with DLD may display a
greater capacity to use morphemes compared to other children, who speak languages that are less

rich morphologically, such as English, for example (Mendoza, 2016).

Comprehension impairments in children with DLD

Research into linguistic comprehension abilities has been scarcer than into expressive
linguistic abilities in children with DLD (Mufioz et al., 2014). However, regarding grammatical
comprehension, there is a wide consensus that children with DLD have difficulties in this area
(Leonard, 2014). This might be explained by the Surface Hypothesis (Leonard 1989, 2014),
which proposes that children with DLD show a greater difficulty when processing grammatical
elements that are shorter in duration and less salient phonologically. On the other hand, such
difficulties could also be explained by limitations in the working memory and the processing
speed of incoming input which may affect morphology and syntax (Mainela-Arnold et al., 2008;
Mufioz et al., 2014; Weismer et al., 1999). In this respect, children who have a low memory
capacity might not present the ability to process and comprehend great amounts of linguistic
material (Magimairaj & Montgomery, 2012). Consequently, the grammatical comprehension
problems of children with DLD will vary according to the size of the information load they have
to hold in their working memory to process a sentence. Thus, the processing of longer sentences
leads to greater comprehension difficulties in children with DLD than for those in control groups

(Montgomery, 1995). Specifically, the grammatical comprehension of children with DLD may
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be affected by a reduced short-term phonological memory and also by difficulties in the
processing speed required to successfully manage the information load associated with specific
tasks, for example, additional visual processing of graphic stimuli (Montgomery, 2000a, b, 2002,
2004; Montgomery & Windsor, 2007). On the other hand, when both length of the sentences,
and sentence complexity are simultaneously controlled, it is the latter which seems to affect

processing in children with DLD (Mufioz et al., 2014).

Children with receptive problems have difficulties comprehending sentences when non-
canonical word order is used (Bishop, 1979; van der Lely & Dewart, 1986; van der Lely &
Harris, 1990; Mufoz et al., 2014; Montgomery et al., 2017). In fact, in sentence comprehension
tasks where children with DLD must pay attention to word order cues, they respond in a random
way (van der Lely & Dewart, 1986; van der Lely & Harris, 1990). Montgomery et al. (2017)
found that in the absence of semantic-pragmatic cues, their comprehension of canonical and
especially non-canonical sentences is limited. In sum, children with DLD seem to display a
higher usage of incorrect morphemes than control groups in linguistic production (Bedore &
Leonard, 2001, 2005; Buiza et al., 2016; Grinstead et al., 2014; Morgan et al., 2013; Norbury et
al., 2002). Nevertheless, results in comprehension vary depending on the methodology used in its
study. Thus, offline methodologies show a more affected comprehension, while online
methodologies indicate a more preserved comprehension. In more detail, most studies that
addressed language comprehension in children with DLD have been based on offline
methodologies. Trueswell (2008) suggested that the eye-tracking methodology, as an online
comprehension tool, could be more suitable in examining language comprehension, especially

during development. In addition, Andreu et al. (2013) proposed that the previously mentioned



offline studies might present limitations in capturing the real linguistic comprehension capacity

of children with DLD.

In the present study we aim to evaluate the processing of language comprehension of
verbal inflections of number in children with DLD. More specifically, we seek to evaluate the
capacity of children with DLD to differentiate between singular and plural verbal inflections in
simple sentence structures in the present tense, through the use of eye-tracking technology. By
"simple sentences", we refer to those which contain a single predication and no other subordinate
sentences, based on traditional syntactic dependency criterion (Real Academia Espafiola, 2010).
These simple sentences contain only two or three functional grammatical elements so that we can
assess two different basic difficulty levels. In the first experiment, we attempt to evaluate the
level of comprehension of verbal morphology of number in sentences containing a subject, a
verb and a direct object. In the second experiment, we seek to examine comprehension of an
even simpler sentence structure, using transitive and intransitive verbs without direct objects. We
argue that the number of elements contained in the stimuli contributes to the difficulty level of
each experiment and that this difference should be reflected in the results. Additionally, these
sentences were designed following a non-canonical —yet grammatical-structure in Spanish,
which located the verb at the very start of the sentence, so that it would be easier for us to assess
the comprehension of the verbal number morpheme isolated from the number information
contained in the subject. Thus, the experimental tasks were designed using pictures and the
auditory input of simple sentences in non-canonical order to evaluate verbal morphemes of
number with the smallest possible amount of difficulty and cognitive load. If we accept, as the
main hypothesis, that it is characteristics of the verb that guide comprehension of a sentence,

then limitations in the processing of inflectional morphology of number will be reflected in eye



movements, and consequently, in the comprehension level in the experimental tasks.
Accordingly, under the proposed hypothesis, it would be expected that children with DLD will
obtain worse results than the control groups. If significant differences appear, the possibility of
the existence of a deficit in the comprehension of the grammatical category of number could be
sustained, and therefore, a more limited comprehension of verbal language in general. Also, we
expect that the experimental task with more linguistic components (Experiment 1) will be harder

for children with DLD to comprehend, than the task with fewer components (Experiment 2).

Experiment 1

Method

Participants

Our sample consisted of 96 participants, divided into one experimental group of 24
children with DLD (average age 7;8), two child control groups of 24 participants each, matched
by the children’s chronological age (Age control group, average age 7;8), by the mean length
utterance produced by children (MLU-w control group, average age 6;8), and an adults control
group (average age 22;5). Regarding the DLD group, children were equivalent in age to their
peers in the Age control group (same year £2 months). Additionally, each child with DLD was
paired with a child from the MLU-w control group, according to the MLU-w calculated in words
(0.5 words). The presence of the adult group, as a language expert control group, provides a
stronger experimental validity and adequacy to the stimuli. The contrast between the adult group
and the DLD group supports an important comparison reference of the magnitude of the
differences between the DLD group and the Age and MLU-w control groups. The three child

groups were composed of 7 girls and 17 boys. An extensive evaluation was conducted among



260 children within an age range of 3;9-12;6 years old, in order to form the two child control
groups. The children selected were those with the most ideal characteristics and scores in
chronological-linguistic terms in relation to the children with DLD. It is important to underline
that children with DLD do not compose a monolithic group (Laws & Bishop, 2003). Therefore, a
split point was introduced inside the DLD group at 8 years and 3 months. This split point enabled
there to be the same number of participants in each subgroup (n=12), and this was more
appropriate methodologically, since the youngest child with DLD was 4;6 years old and the
oldest 12;6. To go into more detail, two chronological subgroups were created, one made up of
younger children (DLD1: n=12, average age 6;0) and another of older children (DLD2: n=12,
average age 9;7). The same classification was applied to the Age control group (AGEL: average
age 6;3 and AGEZ2: average age 9;4) and MLU-w control group (MLU-w1: average age 5;4 and
MLU-w2: average age 8;2). All participants were native Spanish-Catalan bilinguals, and based
on the parental report, all children were classified as bilingual since birth. As reported by
Alarcon and Garzén (2011), children in Barcelona are equally efficient in both Spanish and
Catalan. However, the presence of Spanish is more widespread. According to the last survey
published by the Spanish Ministry of Culture, at the Statistical Institute of Catalonia (Idescat,
2018), with regard to comprehension, 99.8% of the population understands Spanish, and 94.4%
understands Catalan (for more information about Spanish-Catalan bilingualism and DLD, see
Sanz-Torrent et al., 2008). All three groups of children underwent the same assessment based on
different standardized tests: Peabody Picture Vocabulary Test-Third Edition (PPVT-11I; Dunn &
Dunn, 1997), the Kaufman Brief Intelligence Test (KBIT, Spanish version; Kaufman &
Kaufman, 2004), Comprehension Test of Grammatical Structures (CEG; Mendoza et al., 2006),

which is the Spanish adaptation of the TROG (Test for Reception of Grammar; Bishop, 1983).



We recruited children with DLD from three different institutions: 1) UTAE (Unidad de
Trastornos del Aprendizaje Escolar/Hospital Sant Joan de Déu; Unit of School Learning
Disorders/Hospital of Sant Joan de Déu); 2) CREDA Narcis Masd (Centro de Recursos
Educativos para Deficiencias Auditivas; Centre of Educational Resources for Hearing
Impairments); 3) ATELCA (Asociacion del Trastorno Especifico del Lenguaje de Catalufia;
Association of Specific Language Impairment of Catalonia). Standard diagnostics criterion for
SLI (Leonard, 2014; Stark & Tallal, 1981) was used as inclusion-exclusion criteria for the
creation of the child samples. Nevertheless, as we stated above, children who meet these classic
SLI criteria fall under the umbrella of DLD (Bishop et al., 2017). To confirm the diagnosis of
children with DLD we analyzed language samples using the Spanish protocol for the Evaluation
of Language Delay (AREL,; Pérez & Serra, 1998). Then, using transcripts of spontaneous speech
we created language profiles that provided data regarding the children’s morphosyntactic skills
in language production. Based on the mentioned data, we verify that children with DLD
presented a delay of at least 1 year (Bishop, 1997). Additionally, we asked parents and caretakers
to give an anamnesis in which they reported functional limitations in academic terms, as well as
in socio-emotional terms. We used this information to confirm that children with DLD presented
no symptoms of impaired reciprocal social interaction. Also, the written consent of parents and
adult participants was obtained and the study was approved by the Ethics Committee of the
Universitat Oberta de Catalunya. Finally, in two cases, a girl (age: 6;3) and a boy (age: 6;8) were
incapable of following the instructions and fulfilling the experimental tasks and so they were not

included in the study. Descriptive data of the groups are summarized in Table 1.

[Please insert Table 1 here]

Materials and Experimental design
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We created 32 Spanish sentences with two versions each; one with a singular verbal
inflection and another one with a plural verbal inflection (see examples 1 and 2 below).
Sentences followed a non-canonical, yet grammatical, sentence structure in Spanish (i.e., verb -
object - subject). Regarding this kind of sentence structure, it is important to emphasize that
Spanish is a free-word-order language. Thus, this dislocation of elements in syntactic structure
creates a non-canonical, but still grammatically correct sentence (Real Academia Espafiola,
2010). The idea behind this methodological decision was to assess the comprehension of the
morphological information conveyed by the number morpheme in the verb (which was located at
the start of each sentence) without the influence of the information carried in the subject of the
sentence, which was placed in the third position after the direct object (Figure 1). Each of these
sentences was paired with a visual display containing four images. On the one hand, two of these
images acted as the target and its corresponding competitor, and on the other hand, the other two
acted as distractors. The selection of the target in each sentence depended on whether the verb
was inflected in the singular or plural form. Firstly, the chosen verbs for the 32 sentences were
selected based on their word length. All verbs were 4 to 9 letter words and the majority had 5
(9/32), 6 (7/32) or 7 (8/32) letters. All verbs were high-frequency words and they were
contrasted in a frequency database (Pérez et al., 2003). The least frequent verbs (e.g., 1: Spanish:
“plantar”; English: "plant", 2: Spanish: “perseguir”’; English: "chase", 3: Spanish: “barrer”;
English: "sweep™) were cross-checked in terms of familiarity and concreteness. Furthermore, all
verbs were chosen based on their simplicity and imageability. Secondly, regarding the target and
the competitor, all subjects were also high-frequency words and the majority were people (e.g.,
1: Spanish: “la nifia”; English: "the girl", 2: Spanish: “los abuelos”; English: "the grandfathers"),

which were counterbalanced in terms of gender and number. To create a more user-friendly task
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for children, a smaller number of subjects were animals (e.g., 1: Spanish: “el caballo”; English:
"the horse", 2: Spanish: “las tortugas”; English: "the turtles", etc.). In more detail, the proportion
of stimuli with animals was 12.5%. In other words, in every eight stimuli, one was with an
animal. Thirdly, while in all cases, the target and competitor were animated subjects, all the
distractors were familiar inanimate objects (e.g., 1: Spanish: “el cepillo”; English: "the
toothbrush", 2: Spanish: “las almohadas”; English: "the pillows™). The images that acted as
distractors were also counterbalanced in terms of gender and number. Finally, all the distractors
were chosen so as to avoid any semantic relation they may have to the verb in each sentence. For
example, in the stimulus presented in Figure 1, “Bebe agua el caballo” (Literal translation:
"Drinks water the horse"; Corresponding English translation: "The horse drinks water"), the
distractors (i.e., "the toothbrush” and "the pillows™) had no semantic relation to the verb "drink".
The visual display of the mentioned example is presented in Figure 1.

(1) “Bebe agua el caballo” (Literal translation: "Drinks water the horse"; Corresponding English
translation: "The horse drinks water")

(2) “Beben agua los caballos” (Literal translation: "Drink water the horses"; Corresponding English
translation: "The horses drink water")

[Please insert Figure 1 here]

We created two experimental lists using a 2 x 1 Latin square by crossing items with
sentence type (i.e., singular vs. plural). Consequently, items that appeared in their singular
version in one list appeared in their plural form in the other list and the same distractors were
used across the two lists. Overall, every item appeared once in each experimental list, and every
list presented an equal number of singular and plural sentences (16 sentences each). The auditory
stimuli were recorded by a female native Spanish-Catalan speaker at a normal speaking rate of
44,100 Hz. Recordings were edited using a digital audio editor by which we adjusted each
sentence with a distance of 1000 ms between each onset (time-windows, see Appendix A), and

12



the average duration per word was approx. 500 ms. The auditory stimuli sounded natural and
unedited to adult native speakers and the experimental structure facilitated the subsequent
analysis of data. The appropriateness of the stimuli was evaluated by different judges
(collaborators and authors of the research) and the selection was based on exclusion criteria that
sought the highest possible adequacy and pertinence (regular verbs, clear images, distractors with
no semantic connection to the verbs, etc.). For detailed information regarding the experimental

sentences see Appendix B.

Apparatus

The experiment was conducted using a Tobii T120 Eye Tracker (with a 120 Hz sample
rate) and an integrated 17" TFT monitor set to 1024 x 768 pixels. The visual stimuli were all
images of 800 x 600 pixels, presented in video format. Each image consisted of four pictures,
each located in the center of one of the four screen quadrants. The four pictures were framed
within a rectangle. All the images had a white background, and two black lines, one vertical and
one horizontal, were used to divide the four quadrants. The tracker uses infrared LEDs to
illuminate participants’ eyes and has a spatial accuracy of 0.5 degrees. Stimuli were presented

and data were collected through the Tobii Studio Software version 3.3.

Procedure

Stimuli appeared on the monitor of a Tobii T120 Eye Tracker, at a horizontal distance of
approximately 60 cm from the eyes of the participant. Before the initiation of the task, a nine-
point calibration was performed at the start of the experiment to validate the tracking and the
registration of the participants’ eye movements. Every point appeared in an image with a white

background and rested for about half a second to give the user a chance to focus on it. The Tobii
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Studio Software automatically validates the calibration and output of the number of points for
recalibration. The experimenter repeated the calibration process whenever this was necessary.
After calibration, the participants were presented with four practice trials (two sentences in the
singular and two in the plural form) to familiarize them with the experimental task. Each
participant was given the following instructions: "You will see some images and you will hear a
sentence, search as quickly as possible for the correct image and keep looking at it". The stimuli
were presented in random order. Before the appearance of each stimulus, a purple circle
appeared always at the centre of the screen for 1000 ms, to draw the participant’s gaze. The
experiment lasted 6 min. The two tasks were presented during the same session, within a period
of 40-45 minutes. First, we presented Experiment 1 and then Experiment 2. A considerable effort
was made to create a user-friendly setting with periods of play and drawing between the

experimental tasks.

Data analysis

We created four regions of interest that corresponded to the location of each of the
depicted images on the display (i.e., the target, the competitor and the two distractor objects) that
were slightly larger than the images to accommodate non-perfect calibrations (see Figure 1).
Subsequently, we extracted a sampling report which provided participants’ gaze location on both
the horizontal and vertical axes at a sample rate of 120 Hz (~8ms intervals). Then, we examined
every trial per participant and region of interest on every millisecond using the R Project
software (R Core Team, 2021) to individualize the visual attention paid to each of the objects.
For each of these regions, we calculated the proportion of fixations in time bins of 50 ms.
Subsequently, the log-transformed ratio (Arai et al., 2007) between the target and the competitor
was computed for each participant and trial. To obtain the log ratio, the proportion of fixation

14



towards the target plus a constant value (i.e., 1) was divided by the proportion of fixation
towards the competitor plus that constant. Thus, positive numbers corresponded to a preference
for the target, while negative numbers corresponded to a preference for the competitor on the log
ratio scale. For visualization purposes, the log ratio was subsequently aggregated by participants
and 95% confidence intervals (adjusted for within-participant designs, Cousineau & O'Brien,

2014) were calculated (Figure 2).

A non-parametric statistical approach, cluster-based permutation analysis, was adopted to
contrast log ratios between the DLD group and the control groups, as well as against a zero
distribution (no preference for target or competitor, see Barzy et al., 2020; Guerra et al., 2021;
Helo et al., 2021), given that log ratio around zero expressed no object preference. Cluster-based
permutation analysis (Barr et al., 2014; Kronmuller & Noveck, 2019; Kronmdiller et al., 2017)
provides a useful tool to control for family-wise error rates in auto-correlated data (such as time
series). Concretely, we first identified temporally adjacent effects that have the same direction
and clustered them together (Barr et al., 2014). Then, a cluster mass statistic was obtained by
aggregating, for each cluster, the largest absolute summed t-values on each time step, resulting in
a distribution of t-values. We subsequently compared these t-distributions against a null-effect t-
distribution. Such null t-distributions are obtained by permutating the labels of the group of
interest (i.e., groups being contrasted) and are based on 2000 iterations for every 50 ms bins with
scrambled labels. Finally, we tested the significance of each cluster by calculating the proportion
of the sum of the largest t-values in the simulated distributions greater than the sum of the t-
values obtained for the clusters in our data. Following Chan et al. (2018), we considered that

proportions smaller than .025 can be described as significant by a two-tailed test.
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We conducted a total of ten different contrasts. We first contrasted our group of interest
(i.e., the DLD group) against the other three groups (i.e., Age-control, MLUw-control, and
adults), as well as the DLD against a zero distribution (Figure 3). Subsequently, we divided the
children’s data using an age-median split criterion producing two subgroups (i.e., younger
children and older children) for each of the three groups of children. We then compared the DLD
younger group against the Age-control younger group and the MLUw-control younger group, as
well as against a zero distribution (Figure 3, top panel), and we did the same with the older

children subgroups.

To determine whether a time bin exhibited statistically significant differences, we used a
mixed-effect linear regression on log ratios with a group (e.g., DLD vs. Age-control) as a fixed
effect and random intercepts for participants and items. We used the ImerTest R package
(Kuznetsova et al., 2017) to obtain p-values, and then clustered together adjacent time bins
showing at least three consecutive (150ms) reliable differences (p < .05). We then created ten
null-hypothesis distributions of t-values; the first four were produced by pairwise randomly
permutating each group (i.e., adults, Age-, and MLUw-control) and the zero-distribution label
with the label of a group of interest (i.e., DLD). The next six null distributions follow the same
logic: They were created by randomly pairwise scrambling each child age-subgroup label (i.e.,
AGE1, MLU-w1 and AGE2, MLU-w2) and the zero distribution label with the label of the
corresponding subgroup (i.e., DLD1 and DLD2). This procedure erases the relation between
groups and data, providing the null-hypothesis t-distributions. After these t-distributions were
obtained, we aggregated t-values per cluster per simulation and summed the cluster’s largest

absolute summed t-value per time bin making the cluster analysis more conservative than the
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sum of all t-values per cluster, given that, by definition, longer clusters would have larger t-

values relative to shorter clusters.

Results

Figure 2 shows the log-transformed difference between the target object and the
competitor object over time, averaged by participants and divided by each independent group.
The shaded area around solid lines represents the within-subject adjusted 95% confidence
intervals. Additionally, the figure visually depicts the clusters identified by our statistical
analysis. The largest cluster identified pertains to the difference between the DLD group and the
adult group (Observed sum t = 710.23, p <.001), extending from 1050 ms after sentence onset to
the end of the trial. By contrast, only a few short clusters show significant differences between
the DLD and the Age-control group (from 2200 ms to 2350 ms, from 2950 ms to 3200 ms, and
from 3450 ms to 3800 ms with Observed sum t-values of 8.69, 14.72, and 17.51, respectively, all
p-values < .01), and only a single cluster between the DLD and the MLUw-control group from
2900 ms to 3250 ms (Observed sum t = 21.68, p < .001). Finally, when we contrasted the DLD
group log ratios over time against a zero distribution, we observed three short (from 1250 ms to
1550 ms, from 1650 ms to 1900 ms, and from 2450 ms to 2900 ms with Observed sum t-values
of 18.96, 15.47, and 31.79, respectively, all p-value < .05) and one large cluster starting at 3050

ms after the onset of the sentence until the end of the trial (Observed sum t = 252.75, p < .001).

[Please insert Figure 2 here]
Figure 3 shows the log-transformed difference between the target object and the
competitor object over time, averaged across participants and separated by each subgroup of

children. The shaded area around solid lines represents the within-subject adjusted 95%
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confidence intervals, while the horizontal bars depict the clusters identified by our statistical
analysis. When we compared the younger children subgroups (top panel), we observed no
statistical differences between the DLD group and the MLUw-control group. By contrast, a short
and late yet significant cluster was identified when contrasting the DLD group against the Age-
control group from 4300 ms to 4450 ms (Observed sum t = 8.49, p <.001). Finally, the group of
younger children with DLD exhibited statistically significant differences from the zero
distribution in two clusters (from 3400 ms to 3600 ms, and from 4050 ms to 5000 ms with

Observed sum t-values of 12.6 and 87.47, respectively, all p-values < .01).

[Please insert Figure 3 here]
When we compared the older children subgroups (bottom panel), we observed larger differences
between groups, and between the group of interest and the zero distribution, relative to that
observed in the group of younger children. The earliest significant cluster reflects differences
between the DLD group and the Age-control group (from 1600 ms to 1950 ms after sentence
onset, Observed sum t = 17.47, p <.001). These groups were also different between 2900 ms and
3900 ms (Observed sum t = 53.17, p < .001). A significant difference between the DLD group
and the MLUw-control group also appeared to start at 2900 ms and extended until 3700 ms
(Observed sum t = 40.05, p <.001), which was followed by two further significant clusters from
4350 ms to 4650 ms (Observed sum t = 15.5, p < .001) and from 4800 to the end of the trial
(Observed sum t = 11.17, p < .001). The group of older children with DLD exhibited a
significant preference for the target object between 3400 ms and 3600 ms (Observed sum t =

12.6, p <.001) and from 4050 ms to the end of the trial (Observed sumt=87.13, p <.001).

[Please insert Figure 4 here]
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Finally, children exhibit a faster and more robust preference for the critical visual object

when the sentence referred to a pair of objects (plural) compared to a single object (Figure 4).

Discussion

The purpose of Experiment 1 was to evaluate Spanish verbal morphology of number in
an online language comprehension task in children with DLD. Specifically, Experiment 1
focuses on comprehension of the inflection of number presented in the verb within a non-
canonical transitive sentence. The most important results obtained indicate the absence of
important differences between the DLD group and the Age control group (Figure 2). In more
detail, in the object time-window right after the enunciation of the verb (1000-1999 ms), the
DLD group presents a comprehension level comparable to AGE and MLU-w control groups.
However, the presence of a direct object (i.e., "water") seems to produce an important difficulty
in the DLD group and, as a consequence, their preference for looking at the target decreases
(1900-2450 ms). In other words, the distinction between target and competitor decreases, and
significant differences appear in relation to AGE and MLU-w control groups. From the noun
time-window (3000-3999 ms), the ambiguity between target and competitor begins to disappear,
and in the final silence time-window (4000-4999 ms) the DLD group reaches high levels of
comprehension, comparable to the Age control group. These findings suggest that the capacity of
children with DLD to comprehend verbal morphemes of number is preserved, at least under the
present experimental conditions. A more detailed analysis revealed significant differences when
we include the chronological age predictor as part of the regression and divided all groups into
younger and older children (Figure 3). Younger children with DLD (DLD1) show no significant
differences throughout the statistical analysis in comparison to the corresponding subgroup of the

Age control group (AGE1) or the MLU-w control group (MLU-w1). In fact, all subgroups of
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younger children manage to distinguish between target and competitor at the end of the task
(4050-5000 ms). By contrast, older children of the DLD group (DLD2) present levels of
comprehension that differ significantly compared to AGE (AGE2) and MLU-w (MLU-w2)
control groups, where the appearance of a direct object produces a slower reaction time (3000-
3500 ms). This could be related to the fact that the processing of longer sentences leads to greater
comprehension difficulties in children with DLD (Montgomery, 1995; Montgomery & Windsor,
2007). Nevertheless, from the middle of the noun time-window (3500-3999 ms) until the end of
the task, older children with DLD (DLD2) significantly increase their level of comprehension
which is comparable to AGE2, and significantly higher than MLU-w2. Regarding preference for
the target when the verbal inflection was presented in the singular or plural (Figure 4), all groups

present higher comprehension performance with plural morphological markers.

Experiment 2

Method
Participants, materials, design, apparatus, procedure and data analysis

Participants, design, apparatus, and procedures were identical to those described for
Experiment 1. By contrast, we constructed 32 further non-canonical but still grammatically
correct sentences, each with a singular (3) and a plural (4) version, using intransitive or transitive
verbs without a direct object (Appendix C). The chosen verbs for the 32 sentences were high-
frequency, 3 to 9 letter words and the majority had 5 (8/32), 6 (11/32) or 7 (5/32) letters. We also
created 32 further visual displays (Figure 5) that were presented together with the spoken
sentences. Finally, data analysis was also identical to that conducted in Experiment 1, with the

only exception that of the extent of the period that was analyzed. Given that the sentences in
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Experiment 2 were shorter, we only analyzed three consecutive time-windows of 1000 ms each

(thus, 3000 ms period). All other aspects of the data analysis approach remained the same.

(3) “Escribe la nifia” (Literal translation: "Writes the girl"; Corresponding English translation: "The
girl writes")

(4) “Escriben las nifias” (Literal translation: "Write the girls"; Corresponding English translation:
"The girls write™)

[Please insert Figure 5 here]

Results

Figure 6 displays the log-transformed difference between the target object and the
competitor object over time and the corresponding 95% confidence intervals (by participants and
adjusted for within-subject designs), divided by each independent group. As for Experiment 1,
the figures present the clusters that yield statistical significance in the form of horizontal bars.
We replicated Experiment 1 findings when comparing the DLD group with the adult group,
where we observed a large cluster starting at 1100 ms after sentence onset to the end of the trial
(Observed sum t = 512.06, p < .001). We also observed a large cluster, from 1600 ms after
sentence onset until the end of the trial, when comparing the DLD group against the zero
distribution (Observed sum t = 289.22, p < .001). Furthermore, children with DLD differed from
the Age-control group in two clusters, one between 1300 ms and 1650 ms from sentence onset
(Observed sum t = 22.39, p < .001), and another between 2150 ms and 2800 ms (Observed sum t
= 31.2, p < .001). Finally, they differed less extensively from the MLUw-control group in an

early and short cluster (from 1200 ms to 1450 ms, Observed sumt = 14.9, p < .001).

[Please insert Figure 6 here]
Figure 7 shows the log ratios difference between the target object and the competitor
object over time, averaged by participants and divided by each independent child subgroup. As
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in previous plots, in the graphs the shaded area around the solid lines represents within-subject
adjusted 95% confidence intervals and the colored horizontal bar represents the extension of
identified significant clusters. As can be seen in the top panel, DLD1 evidenced a reliable
preference for the target from 2750 ms after sentence onset until the end of the trial (Observed
sum t = 99.66, p < .001). Moreover, when we compared DLD1 with the other two child
subgroups (AGE1 and MLU-w1), we observed short-lives 200 ms differences between 1400 ms
and 1600 ms (Age-controls vs. DLD, Observed sum t = 12.43, p < .001), and from 1300 ms to

1500 (MLUw-controls vs. DLD, Observed sumt = 12.29, p < .001) after sentence onset.

[Please insert Figure 7 here]
Children in DLD2, for their part, show a significant preference for the target object starting at
1550 ms after sentence onset to the end of the trial (Observed sum t = 440.55, p <.001). When
compared with the MLU-w2, we found two significant clusters with the opposite direction: an
early cluster from 1300 ms to 1650 ms after sentence onset showed an advantage in terms of
target preference for the MLUw-controls (Observed sum t = 10.31, p <.001), while a late cluster
from 3650 to the end of the trial (Observed sum t = 23.4, p < .001) evidenced a greater
preference for the target by the DLD group. Finally, the contrast between AGE2 and DLD?2 also
shows two clusters, yet larger and with a maintained advantage for the Age-control group (from
1300 ms to 1650 ms, and from 2000 ms to 3650 ms from sentence onset, Observed sum t-values
equal to 18.78 and 89.38, respectively). Finally, all groups exhibit again a preference for the verb

in plural form, compared to the verb in singular form (Figure 8).

[Please insert Figure 8 here]

Discussion
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The purpose of this second experiment was to examine the comprehension of verbal
morphology of number in an even more simple sentence structure than the one used in
Experiment 1. In the design of this second experimental task, we used transitive and intransitive
verbs without direct objects, in order to reduce possible difficulties and cognitive load as much
as possible. According to the results, the DLD group exhibited significantly more differences in
comparison to the Age control group at specific moments of the task. In fact, significant
intergroup differences between the DLD group and the Age control group were registered in both
analyses. In the first analysis (Figure 6), children with DLD present some difficulty in
distinguishing between target and competitor in the first 500 ms of the first silence time-window
(1000-1500 ms). However, from the second half of the first silence time-window (1500-1999
ms), the comprehension of the DLD group increases significantly and is comparable to Age and
MLU-w control groups. Significant differences regarding the comprehension level of DLD and
Age groups also appear in the noun time-window (2000-2999 ms), due to a faster response time
of the Age control group. Finally, from the last part of the noun time-window until the end of the
task, children with DLD reached a level of comprehension similar to the comprehension of
children from the Age control group. In the second analysis (Figure 7), the most important
differences between the DLD group and the Age control group appear between the older children
(DLD2 and AGEZ2), while the younger children (DLD1, AGE1 and MLU-wl) show no
significant differences throughout the statistical analysis. In general, all younger children present
low comprehension until the appearance of the agent in the noun time-window. In contrast, older
children with DLD (DLD2), despite some difficulty in the first 500 ms of the first silence time-
window (1000-1500 ms), show clear disambiguation between target and competitor, and a level

of comprehension comparable (1650-1999 ms) to older children from both control groups
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(AGE2 and MLU-w2). In the noun time-window, AGE2 significantly outperforms DLD2, but at
the end of the task (3650-4000 ms), DLD2 significantly outperforms MLU-w2 and equates to
AGE2. Most probably, the developmental advantage of children with typical language
acquisition becomes more evident when the complexity of the task decreased. In this sense, in
the easiest task, the Age control group identified the target significantly faster compared with
children with DLD. Having said the above, it is important to uunderline that, in general terms,
both children (with and without DLD) and adults respond better in this second experiment and
present a higher level of comprehension, despite the mentioned significant differences. Finally,
regarding the differences between verbs in plural form, compared to the verbs in singular form,
as in the first experimental task, all groups perform better when the morphological markers are

presented in plural form.

General Discussion

A general overview of our results allows us to suggest that children with DLD present a
preserved capacity to comprehend Spanish verbal morphology of number, at least under the
present experimental conditions (i.e., tracking of eye movements while listening to simple
sentence structures represented through visual stimuli), since the DLD group can clearly
distinguish between the correct and incorrect stimuli by the end of both experimental tasks. This
finding corresponds with results from previous psycholinguistic research carried out using
similar methodological procedures (Andreu et al., 2011; Andreu et al., 2016; Andreu et al., 2013;

Christou et al., 2020; Christou et al., 2021; Christou et al., 2022).

In a more detailed account of the results, the most significant differences between the

DLD group and the Age control group appear in Experiment 2. Here, the Age control group
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presents a significantly higher level of comprehension than the DLD group for the major part of
the noun time-window (Figure 6: 2150-2800 ms), although in the last temporal window the
statistical effects disappear and children with DLD present a similar level of comprehension to
the children of the Age control group. In the design of the tasks, the number of functional
grammatical elements contained in each stimulus was thought to contribute to the difficulty level
of each experiment. In this sense, Experiment 2 (example: “Escribe... la nifia”; in English,
"Writes... the girl") presented a lower level of difficulty than Experiment 1, since it contains
fewer grammatical elements than the sentence structure in Experiment 1 (“Bebe agua... ¢l
caballo”; in English, "Drinks water...the horse"). In fact, in children with DLD, the processing of
longer sentences is related to greater comprehension difficulties when compared to control
groups (Montgomery, 1995; Montgomery & Windsor, 2007) and emphasizes the vulnerability of
the verbal working memory of children with DLD (Montgomery, 2004; Montgomery & Evans,
2009; Weismer et al., 1999). This effect can be observed in Experiment 1 (Figure 3: 1600-1950
ms), where the presence of the direct object seems to reduce the comprehension of older children
with DLD in comparison to the older children of the Age control group. However, the presence
of this third element (direct object) could also have affected the performance of the AGE group
in their reaction time, which allowed both groups (DLD and AGE) to show a more homogeneous
comprehension pattern in this experiment. Most probably, the linguistic advantage that children
with typical language acquisition have over children with DLD becomes more evident in
Experiment 2 than in Experiment 1, since the Age control group is able to identify the target
much faster than the DLD group in a sentence with only two functional elements (subject and
verb). In sum, all groups responded better in Experiment 2 mainly because the second task

contained fewer grammatical elements. Thus, when the complexity of the task decreased, the
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pattern of comprehension was more heterogeneous, which allowed more significant differences
to appear. In contrast, in Experiment 1 the difficulty affected all children (with and without
DLD) in a more homogeneous way, and less significant differences appeared. Regarding the
question of working memory, these results suggest, that in terms of comprehension, children
with DLD might not exactly develop in the same way as children with typical language
development and that their performance results slightly different in this respect. In this regard, it
can be argued that the DLD group responds relatively well, but that the Age control group

responds significantly better.

Regarding the differences between the verbal inflections in singular or plural form
(Figures 4 and 8), a higher comprehension of plural number markers is presented in both
experiments and by all groups, especially in the groups of children (DLD, AGE, MLU-w). This
effect may have different linguistic explanations, i.e., firstly, verbs with plural markers can only
be interpreted in indicative mood. For example, in Experiment 1: Spanish: “Bebe/beben agua el
caballo/los caballos”; English: "Drinks/drinks water the horse/horses", after the appearance of
the verb in plural form, the agent is necessarily constructed from the indicative mode, i.e.,
Spanish: “Beben...ellos/ellas”; English: "Drink...they". Conversely, verbs with singular markers
can be interpreted in both indicative and imperative moods, i.e., Spanish: “Bebe...él/ella”;
English: "Drinks...he/she" (indicative mood) or Spanish: “Bebe...t0”; English: "Drink...you"
(imperative mood). This may cause more confusion, and it might have some weight in the
discussed effect. On the other hand, another possible explanation may be linked to the Surface
Hypothesis (Leonard, 1989, 2014). According to this hypothesis, children with DLD present a
greater difficulty when it comes to processing grammatical elements that are shorter in duration

and less salient in phonological terms. In sum, we can observe that, in Spanish, the inflections of
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the singular verbs (“bebe”) are less salient and lasting in comparison to the inflections of verbs in

plural form (“beben”).

As mentioned above, the number of functional grammatical elements in each experiment
(subject, verb and direct object, in case of Experiment 1; and subject and verb, in case of
Experiment 2) was one of the variables which could have had an impact on the level of
comprehension of the DLD group, most noticeable in Experiment 2, although children with DLD
reached a similar level of comprehension to the Age control group by the end of both tasks.
However, an additional variable must also be taken into account in the discussion of the different
paths of comprehension observed between the DLD and the AGE group during the processing of
the experimental tasks. The importance of this second variable has to do with the non-canonical
display of the sentences in the stimuli, which seem to have an important impact on the
performance of the DLD group since children with DLD are known to have difficulties
comprehending non-canonical word order structures (Bishop, 1979; van der Lely & Dewart,
1986; van der Lely & Harris, 1990; Mufoz et al., 2014; Montgomery et al., 2017). In both
experiments (Figures 3 and 7), younger children in all groups show major difficulties in the
comprehension of the sentences up to the enunciation of the subject (Figure 3: 3000-3999ms;
Figure 7: 2000-2999 ms). After the disambiguation of the sentences through the auditory
stimulus of the subject (Figure 3: 4000-4999ms; Figure 7: 3000-3999 ms), all younger children
are able to correctly resolve both tasks. In contrast, older children with and without DLD are able
to find the target before the enunciation of the subject in both experiments. For younger children
with and without DLD, we hypothesize that the main reason for the mentioned effect is the non-
canonical order of the sentences. Regarding the performance of older children with DLD in both

experimental tasks, we observe that they show significant difficulties in the first time-window
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after the enunciation of the verb, which makes them more comparable to younger children with
and without DLD than to their chronological and MLU-w peers. Most importantly, in both tasks,
older children with DLD present a surprising decrease in their comprehension level after the
enunciation of the subject (Figure 3: 3000-3999 ms; Figure 7: 2000-2999 ms). This observation
suggests that, not only does the non-canonical order of the sentences play a crucial role in
comprehension, but that the addition of a new grammatical element creates a greater impact,
especially in the most difficult task (Figure 3). It is important to underline that this same
experimental sample of children with DLD has shown a typical level of verbal comprehension in
canonical sentence structures (Christou et al., 2022). In this sense, we hypothesize that the main
reason for the presented effect is the non-canonical order of the sentences, specifically, when the
task has more grammatical elements and is more complex. To summarize, children with DLD
could comprehend the experimental tasks, but it took them longer to do so, probably due to the
syntactic complexity of the sentences. Additionally, the above-mentioned difficulty might be
related to a nonsignificant accumulation of mental workload throughout the tasks which
eventually leads to a linguistic processing slowdown. In fact, the difficulty of children with DLD
when maintaining morphological markers in short-term memory may produce important
comprehension problems (Hsu & Bishop, 2014). Having said the above, we argue that the
presence of a dysfunctional comprehension in their everyday use of language might be more
related to an accumulation of difficulty in linguistic processing, and less to a lack of

understanding of specific morphological markers, such as verbal inflection.

The results of both experiments indicate that, under the present conditions, the linguistic
comprehension of children with DLD is more typical than that generally considered in the

literature and concurs with results from previous research carried out with similar online
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methodologies (Andreu et al., 2011; Andreu et al., 2016; Andreu et al., 2013; Christou et al.,
2020; Christou et al., 2021; Christou et al., 2022). In terms of intervention, these findings are
especially relevant when considering the consequences of the language-based problems that
children with DLD experience in their day-to-day linguistic performance. Reinforcement of their
functional comprehension in natural contexts would require specific support in their oral
linguistic abilities. In this sense, scaffolding strategies based on the use of sentences with
increasing grammatical complexity could be beneficial to enhance their comprehension of more
complex grammatical structures in different and more demanding linguistic contexts. To
conclude, it is worth noting thatlanguage comprehension cannot be conceptualized
in exclusively linguistic terms (Garrod & Pickering, 2009; Pickering & Garrod, 2013; Vygotsky,
1986). In other words, comprehension cannot be reduced solely to syntactic processing, as
meaning is not reached until speech is connected to thought (Vygotsky, 1986). Further research
should go beyond the isolated analysis of linguistic components, also taking into account their
interplay with associative and attention-driven processes which characterize human thought
(Stanovich & West, 2000). The study and interpretation of the mentioned interaction might
permit a greater insight into the nature and possible causes of dysfunctional language in general,

and DLD, in particular.
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Figure Captions

Table 1. Average individual measures per group and pairwise contrasts (Welch two sample t-test, two-
tailed)

Figure 1. Visual display example for an experimental trial in Experiment 1. Displays were presented
together with either a singular-inflected sentence ("Drinks water the horse") or a plural-inflected sentence
("Drink water the horses")

Figure 2. Mean log-transformed fixation proportion differences between target and competitors by group
overtime. Grey areas around solid lines represent the within-subject adjusted 95% confidence intervals
Figure 3. Mean log-transformed fixation proportion differences between target and competitors by
children subgroup over time. Grey areas around solid lines represent the within-subject adjusted 95%
confidence intervals

Figure 4. Mean log-transformed fixation proportion differences between singular (red) and plural (blue)
verbs by experimental group and time-window. Grey areas represent the within-subject adjusted 95%
confidence intervals

Figure 5. Visual display example for an experimental trial in Experiment 2. Displays were presented
together with either a singular-inflected sentence ("Writes the girl™) or a plural-inflected sentence ("Write
the girls™)

Figure 6. Mean log-transformed fixation proportion differences between target and competitors by group
and time-window. Grey areas represent the within-subject adjusted 95% confidence intervals

Figure 7. Mean log-transformed fixation proportion differences between target and competitors by
children subgroup over time. Grey areas around solid lines represent the within-subject adjusted 95%
confidence intervals

Figure 8. Mean log-transformed fixation proportion differences between singular (red) and plural (blue)
verbs by experimental group and time-window. Grey areas represent the within-subject adjusted 95%

confidence intervals
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