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Abstract
Background and Aims: Autism spectrum disorder is an early-onset neurodevelopmental condition, characterized by
wide heterogeneity, including in language skills. Existing morphosyntactic comprehension assessment tasks are inadequate
for many autistic children, leading to low task completion rates. Challenges in the assessment of morphosyntactic compre-
hension in these children may result in under-informed clinical profiles and hamper in-depth exploration of language profiles
in research. Our aim was to develop a passive task (requiring no overt behavior) to assess syntactic comprehension in young
French-speaking autistic children. We present the creation of MOSYCAT, a linguistically meaningful intermodal preferential
looking task with eye-tracking, and then focus on its feasibility, acceptability, and potential clinical relevance.
Methods: MOSYCAT tests four structures of varying syntactic complexity, simple intransitive sentences, simple subject–
verb–object sentences, composite past tense sentences, and sentences with direct object pronominal clitics. Children viewed
two videoswhile they listened to a sentence thatmatchedonlyoneof the videos. Four eye-tracking parametersweremeasured
during their exploration of the videos: Exploration proportion (the proportion of time spent exploring the matching video),
exploration accuracy (the proportion of trials in which children explored significantlymore of thematching video), orientation
latency (the latency of the first saccade toward thematching video), and orientation accuracy (the accuracy of the first saccade).
A first version was administered to 56 non-autistic children, and then a reduced version to 23 additional non-autistic children
and 21 autistic children of varying clinical profiles. All childrenwere aged 2;6 to 5;11, a periodwhen syntactic performance skills
typically mature, but when many autistic children are not (yet) producing sentences.
Results: Feasibility and acceptability were high, including in the autistic group, andmore than 85% of autistic children provided
usable data. A principal component analysis on MOSYCAT parameters demonstrated that two dimensions, mainly related to
accuracy (exploration proportion, exploration accuracy) and speed of response (orientation latency), captured 86% of per-
formance variability in non-autistic children. These dimensions correlated with standardized receptive morphosyntactic mea-
sures. The eye-tracking parameters yielded normal distributions, suggesting that MOSYCAT can be used to assess
morphosyntactic abilities in all children, demonstrating its clinical relevance. These parameters improved with age in the
non-autistic children, suggesting that MOSYCAT is sensitive to the maturation of morphosyntactic comprehension skills.
As expected, autistic children performed below the non-autistic children, yet nearly all completed the task, contrary to other
tasks, suggesting that MOSYCAT can assess language comprehension in autistic children from across the autism spectrum.
Conclusions and Implications:MOSYCAT, a linguistically informed tool designed to assess morphosyntactic compre-
hension in young autistic children using a passive, eye-tracking task, proved to be clinically relevant and feasible for young
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autistic children. As such, it has both clinical and research potential for use in the identification and exploration of lan-
guage profiles in autism. It should be noted that the assessment was not entirely standardized. Variable lighting conditions
and break durations, as well as post-hoc calibration correction, were applied. These methodological choices, some of
which mirror those common in clinical practice, were made to allow for wide assessment of the autistic children,
many of whom required considerable support. Although promising, MOSYCAT is not ready for direct clinical transfer
at this time.
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Autism spectrum disorder (ASD) is an early-onset neurode-
velopmental condition, characterized by wide clinical het-
erogeneity, including in language skills. These vary in
several ways: the aspects of language that may manifest dif-
ficulties (receptive versus expressive modality, linguistic
domain), the intensity of language challenges, as well as
how both of these may change throughout the life of a sin-
gle individual (Schaeffer et al., 2025). Research on autistic
children, from early developmental periods through school
age, has highlighted heterogeneous trajectories, both in
terms of the timing of speech onset and the linguistic skills
developed thereafter (Anderson et al., 2007). Some autistic
children will develop language normally, or even preco-
ciously, while others will develop language late in life,
and around 30% (depending on definition criteria and
evaluation methods) will remain with minimal or no expres-
sive language skills (Grandgeorge et al., 2009; Schaeffer
et al., 2023; Tager-Flusberg & Kasari, 2013).

The heterogeneity of language profiles in autism has
been widely demonstrated in production (Schaeffer et al.,
2025), but comprehension has been comparatively less
studied, in part due to the difficulty in assessing comprehen-
sion (Muller & Brady, 2016). Moreover, study of receptive
language abilities has so far over-whelmingly focused on
single-word vocabulary, despite frequent calls for studies
that go beyond the lexicon (e.g., Plesa Skwerer et al.,
2016). While expressive morphosyntactic abilities in autis-
tic children have received considerable attention, notably
regarding similarities, for many autistic children, with
morphosyntactic difficulties observed in children with
Developmental Language Disorder (Schaeffer et al.,
2025), comparatively little work has been devoted to sen-
tence comprehension, particularly in young children.
Here, we propose a new tool to evaluate morphosyntax in
the receptive modality based on a passive evaluation of
morphosyntactic comprehension.

To evaluate morphosyntax in its receptive modality,
researchers and clinicians mainly rely on standardized tasks
and/or parental report. Parent reports are informative and
have a clear advantage for assessing language skills in chil-
dren who may not be able to sustain many forms of direct
testing. However, they do not provide a complete picture
of comprehension skills, in particular because estimating
comprehension skills is difficult for parents, who may

over- or under-estimate their children’s skills (Tomasello
& Mervis, 1994; Venker et al., 2016). Direct assessment
of morphosyntactic comprehension skills in young children
typically employs act-out tasks, which have the advantage
of using material that is easily obtainable and attractive to
children. One of the most used standardized tools for asses-
sing comprehension in very young children (ages 2 to 6)
acquiring French is from the EVALO 2-6 battery (Coquet
et al., 2009). The EVALO morphosyntactic comprehension
task relies on the manipulation of figurines to act-out scenes
expressed orally by the evaluator, with items of increasing
complexity, ranging from sentences such as Un personnage
marche “A person is walking” to sentences such as Le chat
que porte la dame tombe “The cat the lady is carrying falls
down.” This task requires understanding rather complex
instructions (cognitive skills) and handling of figurines
(fine motor skills). To this, we can add that the task also
requires the young child to inhibit his or her own desire
to manipulate or play with the material, to comply with
the evaluator’s instructions (behavioral regulation and
executive function). Hence, this task, while informative
for many children, is inadequate for testing many autistic
children due to its reliance on several non-linguistic skills
that may interfere with task participation or completion, a
difficulty which has been widely reported for standardized
language tasks (Kasari et al., 2013; Plesa Skwerer et al.,
2016; Tager-Flusberg, 1999).

Inadequate assessment of receptive morphosyntax
makes it impossible to pursue the goal of identifying recep-
tive language profiles in young autistic children. Yet, estab-
lishing such profiles is crucial, clinically, so that clinicians
and caregivers can understand the level of comprehension
they may expect from a child and adapt their daily commu-
nication/treatment plans. Adequate assessment of receptive
morphosyntax is also fundamental for research on language
in autism to allow for advancement of our understanding of
issues such as the relation between language and nonverbal
intellectual quotient (NVIQ) and how comprehension and
production skills may differ in autism. In the literature on
typical and autistic children, there is evidence for language
comprehension in the absence of language production,
though, in autism, this evidence has so far concentrated
mainly on lexical skills (e.g., Chen et al., 2024; Swensen
et al., 2007). This literature could be enriched through
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more studies using less demanding, passive tasks, in other
words, tasks that do not require an active, voluntary
response on the part of the child, such as expressive lan-
guage production, or active behavior (e.g., pointing). The
need for such studies has been underlined by several
researchers, who have noted the relevance of using techni-
ques such as electroencephalography or eye-tracking
(Houston-Price et al., 2007; Plesa Skwerer et al., 2016;
Tager-Flusberg & Kasari, 2013).

One of the commonly used paradigms for assessing lan-
guage development with eye-gaze measures is intermodal
preferential looking (IPL; Golinkoff et al., 1987). This para-
digm consists of presenting an auditory linguistic stimulus
along with side-by-side visual stimuli, one of which
matches the auditory stimulus and one of which does not.
This method assesses the child’s comprehension since the
child who has understood the auditory linguistic stimulus
is expected to direct his or her gaze toward the matching
visual stimulus more quickly, and to look at it for longer
than the non-matching stimulus. Naigles and colleagues
conducted a series of investigations of morphosyntactic
comprehension using the IPL paradigm (with off-line cod-
ing) in young autistic children (ages 2–5). They evaluated
three different morphosyntactic structures, each in a separ-
ate task (Candan et al., 2012; Goodwin et al., 2012; Jyotishi
et al., 2017; Naigles et al., 2011; Naigles & Fein, 2017;
Naigles & Tovar, 2012; Su & Naigles, 2019; Swensen
et al., 2007; Tovar et al., 2015; Wagner et al., 2009).
These IPL studies notably reported that some autistic chil-
dren who were not producing word combinations nonethe-
less showed good comprehension of simple sentences,
looking longer and more quickly at corresponding videos,
and furthermore that children followed longitudinally
showed a relative developmental advantage of comprehen-
sion before production.

The IPL paradigm has until recently been used in combin-
ation with off-line manual coding, which involves a human
examiner looking at video recordings of the children’s
behavior during the test session, and coding manually for
each time frame whether the child appears to have looked
to the right, left, or away from the screen. Eye-tracking
allows for an online, direct set-up including automatic cod-
ing, leading to greater reliability, and higher consistency of
data processing across different conditions and participants.
Manual coding is not only subjective, it is also much more
labor-intensive (in both coder training and reliability checks
and in coding time itself), and spatial and temporal resolution
is more limited, compared to automatic coding, though man-
ual coding may reduce data loss (Venker et al., 2020), a point
to which we return in the discussion.

The aim of the present study was fundamentally meth-
odological: to ascertain whether an IPL-with-eye-tracking
task testing several different structures within the same
task could be used to assess general morphosyntactic com-
prehension in young (autistic) children. We sought to

develop a task that is feasible from a practical point of
view, has potential clinical usefulness, is linguistically rele-
vant, and proves suitable to young autistic children. We will
henceforth refer to this task by the name MOSYCAT:
MOrphoSYntactic Comprehension in Autistic and
Typically developing children. In this task, participants
watch videos of children performing actions either alone
or in relation to another child, while listening to short sen-
tences of four different structure types, both syntactically
very simple and more complex. MOSYCAT is, to our
knowledge, the first tool designed to assess syntactic com-
prehension passively, while including syntactic structures
having a wide range of morphosyntactic complexity within
the same task. We report here in detail how the task was cre-
ated and then present results regarding its acceptability,
feasibility, and its clinical and linguistic relevance.

A linguistically relevant task should explore morphosyn-
tactic abilities over a range of structures to provide a global
score of each child’s morphosyntactic comprehension.
Therefore, our task is composed of sentences designed to
test the comprehension of four different types of linguistic
structures, some simpler/early acquired and others more com-
plex and known to cause difficulties in French-exposed chil-
dren with a neurodevelopmental disorder (NDD) (see Task
Creation Section and Supplementary Material). We designed
the task to have potential clinical value by graduating these dif-
ferent levels of complexity in a single task, as short as possible,
so that it would be possible to assess the morphosyntactic
development of young children, including autistic children,
with a wide range of language abilities. Clinical feasibility
meant that the entire task had to be short enough to be both
suitable for its target population, young autistic children, and
incorporable into clinical practice, in settings with the requisite
equipment, which we acknowledge at the outset are probably
limited to specialized, research-affiliated centers. The task had
to include enough items to generalize gaze behaviors to accur-
ately reflect comprehension, while being as short as possible,
to align with children’s limited attention spans and high fatig-
ability, and as attractive as possible to catch visual and audi-
tory attention and keep interest over time. Since our aim
was to arrive at a relevant, feasible, and suitable task, our oper-
ational hypotheses are fundamentally methodological. We
explored feasibility, acceptability, data usability, and prelimin-
ary validity of the task.We then looked at the effect of chrono-
logical age and diagnostic group on several measured
eye-gaze parameters. In a follow-up study, we investigate
the morphosyntactic comprehension-production profiles iden-
tified by MOSYCAT in young autistic and non-autistic
children.

An appropriate task should have high feasibility, as can
be measured by a high participation rate: Are children able
to engage in the task, sitting down, and watching the
screen? It should likewise have high acceptability, as can
be measured by completion rate: Are children able to finish
the task—i.e., do they remain seated and focused on the
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screen for the duration of the task and therefore contribute a
complete recording? A successful eye-tracking task should
also provide a sufficient amount of usable data. Finally, we
evaluated preliminary validity by examining the relation-
ship between parameters derived from MOYSCAT and
the standardized measure of morphosyntactic comprehen-
sion from the EVALO battery. We varied task length,
hypothesizing that a shortened version of the task would
maximize feasibility, acceptability, and data usability for
further analysis. A valid task to evaluate morphosyntactic
abilities in all children should yield data with some variabil-
ity, and a distribution shape close to that of a normal distri-
bution, i.e., without extreme tail behaviors, approximatively
symmetric and without clear ceiling or floor effects.

Regarding chronological age, although typically devel-
oping children in this age range already show considerable
morphosyntactic comprehension, we expected that per-
formance would increase with increasing age in non-autistic
children (e.g., faster orientation to the matching video or
increased exploration of the matching video), since older
children have faster general processing speed.

The literature shows that while some autistic children dis-
play typical morphosyntactic development, many show
delayed expressive language, and IPL evidence suggests
that comprehension can also be delayed. These considera-
tions led us to expect that young autistic children, as a group,
would perform somewhat below non-autistic children in the
same age rage, if each of theMOSYCAT parameters is a reli-
able indicator of morphosyntactic comprehension.

Methods

Ethics
This research was approved by the Comité d’Ethique de la
Recherche Tours-Poitiers and the Comité de Protection des
Personnes EST 1 (2017/23-ID RCB: 2017-A00756-47;

PROSCEA). Children were recruited in nursery schools
and kindergartens in Tours, France. Autistic children were
from the Centre-Val de Loire region and the child psychiatry
department of the Tours University Regional Hospital.
Parents and children were informed of their rights and of
all aspects of the experimental design; parental consent
was obtained in the form of a signed written consent form.
Children’s agreement was also sought, verbally, when pos-
sible, or non-verbally, based on their behavior.

Participants and Global Experimental Protocol
We recruited children aged 2;6 to 5;11. A total of 100 partici-
pants, divided into three groups, took part in our study
(Table 1). All participants had normal or corrected-to-normal
vision and normal hearing, based on parental or clinical
reports. Bilingual language exposure was not an exclusionary
criterion, as we aimed for population samples that reflected the
cultural diversity of the population consulting at the public
center where we recruited the autistic children and in the sur-
rounding community.1 All participants had all-day monolin-
gual exposure to French during the week in daycare centers
or at school. Most children were also exposed to French at
home, monolingually, or, for some, bilingually (14/56 bilin-
gual exposure in Group 1, 4/23 in Group 2, and 15/21 in
the ASD group). French was the dominant language spoken
at home for all these children, except two autistic children.
Nonverbal reasoning abilities were assessed using the block
design and object assembly subtests (generating a visual spa-
tial index) from the age-appropriate Wechsler Intelligence
Scales (Wechsler Preschool and Primary Scale of
Intelligence 4th ed., Wechsler, 2012).

The first version of MOSYCAT was administered to 56
children (23 girls; mean age: 51.20 months old (± 11.48)
[32 71]) who were recruited in nursery schools and kinder-
gartens. We henceforth refer to these children as Group
1. The second version of MOSYCAT was administered to

Table 1. Participant Characteristics.

Autistic Participants
(n= 21)

Non-Autistic Participants

Group 1 (n= 56) Group 2 (n= 23)
Total Non-Autistic
(n= 79)

Birth-assigned sex (n) 4 F, 17 M 23 F, 33 M 13 F, 10 M 36 F, 43 M
Age (mo.) μ (± σ) [min max] 54.14 (±8.73)

[42 71]
51.20 (±11.48)
[32 71]

47.78 (±10.47)
[30 64]

50.20 (±11.24)
[30 71]

VSI, WPPSI μ (± σ) [min max] 86.07 (±17.90)
[57 111]

103.57 (±15.64)
[71 151]

114.39 (±10.30)
[91 132]

106.72 (±15.06)
[71 151]

ADOS-2-CSS-SA μ (± σ) [min max] 8.00 (±1.97)
[4 10]

ADOS-2 CSS-RRB μ (± σ) [min max] 6.84 (±2.01)
[4 10]

Note. VSI=Visual Spatial Index. WPPSI=Wechsler Preschool and Primary Scale of Intelligence. CSS-SA= calibrated severity score, social affect /10,
ADOS-2. CSS-RRB= calibrated severity social, restricted and repetitive behavior /10 (autism diagnostic observation schedule-2). ADOS scores were
available for 19/21 participants.
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a second group (Group 2) of 23 children (13 girls; mean
age: 47.78 months old (± 10.47) [30 64]), recruited in nur-
sery schools and kindergartens and by word of mouth.
Children in Group 1 and Group 2 had no history of neuro-
logical or psychiatric disorders or early learning disabilities
(notably no NDD diagnoses).

Twenty-one autistic children (ASD group) (4 girls; mean
age: 54.19 months old (± 8.53) [42 71]) were administered
the second version of MOSYCAT.2 Each of these children
had been diagnosed with ASD by a multidisciplinary team
of expert clinicians, using DSM-5 and ICD-10, and the
Autism Diagnostic Observation Scale-Second Edition
(ADOS-2; Lord et al., 2012) and/or the Autism Diagnosis
Interview-Revised (ADI-R; Le Couteur et al., 2003). We
sought to have a population sample that represented as
closely as possible the wide spectrum variability in autism.
To meet the objectives of our protocol, we deliberately
included participants from all developmental levels. Our
sample thus included children with varying levels of autistic
symptomology as measured by ADOS-2 calibrated severity
scores (CSS) for social affect (SA) and for restricted and
repetitive behaviors (RRB) (Esler et al., 2015; Hus et al.,
2014). CSS-SA scores (M= 7.95, SD= 1.93) and
CSS-RRB scores (M= 6.84, SD= 2.01) both ranged from
4 to 10/10, and thus including children with concern ranges
characterized in these tools as “mild-to-moderate” and
“moderate-to-severe.”3 These 21 autistic children also var-
ied in intellectual ability, as seen in both their NVIQ scores,
measured by the visual spatial index of the WPPSI (range
57–111, M= 86.07 SD= 17.90) and whether or not they
had accompanying intellectual disability (ID; Full Scale
IQ < 70), which varied from mild to severe (8 with no
ID, 5 with mild ID, 7 with moderate ID, and 1 with severe
ID.4 In the center where all autistic children were recruited,
the diagnostic process includes a clinical scale on which the
center’s expert clinicians rate children’s language levels
based on clinical observation and testing (including by
speech-language pathologists). The expressive modality
scale ranges from 0 to 5 as follows: 0—no language, 1—
babbling, 2—isolated and/or juxtaposed words, 3—simple
sentences, 4—embedded or coordinated sentences, 5—
&mdash;complex language. Our sample included 15 chil-
dren who were not producing sentences (3 children rated
0, 7 rated 1, and 5 rated 2) and 6 children who were produ-
cing sentences (1 rated 3, 3 rated 4, and 2 rated 5).

MOSYCAT was part of a larger language assessment
protocol. Two tasks from the standardized EVALO 2-6 bat-
tery (Coquet et al., 2009) assessed, respectively, receptive
phonology and receptive morphosyntax: the EVALO-
phoneme discrimination subtest and the EVALO object
manipulation for morphosyntactic comprehension subtest.
Language was also assessed with two language impairment
testing in multilingual settings (LITMUS) tasks: LITMUS-
nonword repetition (LITMUS-QU-NWR-Toddlers, Ferré
et al., 2022) and LITMUS-sentence repetition (LITMUS-

SR-FR-Toddlers, Tuller & Prévost, 2022). The two
LITMUS tasks assess, respectively, phonology and mor-
phosyntax in production. The toddler versions used here
are experimental tasks, adapted from tasks with a very
broad empirical basis, including autistic children and adults,
and are recommended for assessment of language in autism
(Schaeffer et al., 2023). Only respective participation and
completion rates for these tasks will be presented here,
except for the EVALO 2-6 object manipulation for morpho-
syntactic comprehension subtest (Coquet et al., 2009),
which will be compared to MOSYCAT scores, in Group
1 non-autistic children. Administration of this subtest was
discontinued in Group 2, and in the ASD group due to its
length and difficulty, participants had maintaining engage-
ment. Not only did administration time in Group 1 cause
overall protocol testing time to far exceed what had been
promised to families (and to the ethics committee), but
also in the ASD group, participants were highly distracted
by the figurines (throwing them, playing with them) leading
to an inability to engage in the task and/or complete it

Autistic children were tested in a university hospital aut-
ism center, where they receive clinical services. Children in
Group 1 were tested in a quiet room at their daycare center
or school; children in Group 2 were tested at the same clin-
ical center as the autistic children. The protocol tasks were
distributed into two sessions for all children, such that Part
A and Part B of MOSYCAT were in separate sessions, as
were the two EVALO subtests, and the two LITMUS repe-
tition tasks. For Group 1 participants, who were given the
long version of MOSYCAT, the two testing sessions took
place on separate days, a couple of days to roughly a month
apart. For Group 2 participants, who were given the short
version of MOSYCAT, the two testing sessions were
grouped on the same day, separated by a small break last-
ing about 30’ (except one participant whose second ses-
sion was a week later). For most children in the ASD
group, the two testing sessions took place over different
days, to minimize child fatigability and accommodate
family/clinical caregiver availability. Six autistic children
had both sessions on the same day. Fourteen autistic chil-
dren had the two sessions on different days, separated by
about a week (6 children), a month (n= 4), 2 months (n
= 3), or 4 months (n= 1. One child completed only one
session.

Task Creation
We describe here in detail the different steps in the creation
of MOSYCAT. First, we selected four syntactic structures
varying in level of complexity (syntactic computation
involved) and corresponding to the age of acquisition in
young TD French-speaking children and to the degree of
difficulty for French-speaking children with language
impairment (see Supplemental Material for motivation
behind structure selection). There is considerable evidence
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that the complexity of the operations involved in generating
syntactic structures for comprehension and production
underlies their developmental sequences and difficulty
levels, including in autistic children (Tuller et al. 2017).
MOSYCAT assesses the following four structures: (a) a
baseline structure consisting of intransitive verbs in simple
subject + verb sentences (SV; e.g., La fille saute “The girl is
jumping”), (b) word-order in simple (transitive) Subject+
verb+ object sentences, with a reversible animate agent
and patient (i.e., reversing the agent and the patient noun
phrases yields a grammatical sentence—e.g., La fille des-
sine le garçon “The girl is drawing the boy” vs. Le garcon
dessine la fille “The boy is drawing the girl”) (SVO), (c)
composite past tense in transitive sentences with an animate
subject and an inanimate object (compared to the same sen-
tences in the present tense) (TENSE; e.g., La fille a mangé
les gateaux “The girl ate the cookies” vs. La fille mange les
gateaux “The girl is eating the cookies”), and (d) reversible
SVO sentences with an accusative clitic pronoun object,
which in French undergoes syntactic movement to the left
of the verb (CLIT; e.g., La fille la chatouille “The girl is
tickling her”) (See Supplementary Material—Table S1).
SV was included as a baseline, as it requires only lexical
information processing but no syntactic comprehension.
In contrast, each of the other three structures requires syn-
tactic comprehension: understanding who did what to
whom (identification of the agent and the patient with respect
to the action), in the case of SVO and CLIT, or distinguishing
the syntax of the present tense (a lexical verb only) versus
that of the composite past tense (an auxiliary and a lexical

verb), in the case of TENSE. These four structures were
selected because of their variable complexity levels, to ensure
assessment across the wide range of morphosyntactic com-
prehension levels that could be expected to be found in
young autistic children, particularly those with limited
expressive language (see Supplementary Material).

Sentences were made up of words common in young chil-
dren’s vocabulary, based on the results from the French
Inventory of the Communicative Development IFDC 8–16
months and 16–30 months (Kern & Gayraud, 2010).
Auditory stimuli were produced by a speech-language path-
ologist with considerable experience working with children
with NDD and considerable acting experience in theater for
children. We followed Naigles & Tovar (2012) in using exag-
gerated motherese prosody to foster child engagement in the
task. For each structure, we recorded eight samples with differ-
ent sentences, leading to a total of 32 target sentences (8 sam-
ples by 4 conditions). In addition to the target sentences, we
recorded different auditory stimuli, such as Eh, regarde ici
“Hey, look here,” or ça c’est [action verb] “It’s …,” which
presented each action (Figure 1). Four child actors (2 boys,
2 girls; about 10 years old) were recruited to act in the video
scenes accompanying the auditory recordings (See
Supplementary Material). Parent and child consents were
obtained for the capture and use of their image for research
and academic purposes. The visual scenes were shot at a uni-
versity professional audiovisual studio. The videos were silent,
with no movement of the mouth to avoid visual attention bias
to faces during social interaction. The visual information
needed for sentence comprehension relied on exaggerated

Figure 1. Example of a complete audiovisual trial. The presentation sequence (25s) comprises the action introduction and the neutral
presentation (when the two videos are presented simultaneously with the action verb in its infinitival form).
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movements of the body, or gestures, and never merely on
facial expressions. Actors performed the actions correspond-
ing to the target sentences. All videos lasted about 6
s. Auditory sentences and visual scenes were then combined
in single audiovisual stimuli using Adobe Premiere Pro
(22.2) and DaVinci Resolve (v.18.1.1.7).

A single trial lasted approximately 31 s, and all trials
were organized as follows (Figure 1). First, to introduce
the action, the two videos were presented one after the
other, on each side of the screen, conjointly with an auditory
stimulus corresponding to an action verb in its infinitival
form, referred to as the action introduction. Then, the two
videos were displayed simultaneously on each side of the
screen, conjointly with the same action verb auditory stimu-
lus, referred to as the neutral presentation. Together they
form the presentation sequence which was intended to
familiarize participants with the videos and the verb,
thereby avoiding potential bias due to prior lexical knowl-
edge (or lack thereof). This sequence was also designed
to present the visual configuration of the stimuli used in
the target sequence and thereby reduce any novelty effect
to minimize free visual exploration and to maximize explor-
ation due to syntactic comprehension. Finally, the target
sequence was presented: the two videos were presented
simultaneously, on either side of the screen, as in the neutral
presentation, but conjointly with the auditory target sen-
tence. Visual scenes were separated by an inter-stimulus
interval during which a GIF cat was presented in the center
of the screen to center the child’s gaze. Since sentences of
varying complexity also varied in length, we adjusted blank
and inter-stimulus time durations.

The first version of MOSYCAT was composed of 32
trials, 8 per syntactic structure (see Table 2). The first ver-
sion was deliberately long, to allow for the subsequent
selection of the best items for the creation of a shorter ver-
sion. It lasted approximately 24 min. Trials (n= 32) were
presented in two parts. Each part started and ended with
an SV trial, and trial order was otherwise randomized within
each part. The two parts were given to children in random
order on separate days (i.e., two sessions, a couple of
days to roughly a month apart). Both parts began with a
short video presentation of the actors. Part A lasted
13 min and tested all linguistic structures but CLITIC, while

Part B lasted 12 min and included all structures but SVO. A
third part (part C, administered to 8 children overall), which
consisted of a mix of items from parts A and B, was created
to compensate for any recording issues (e.g., too few gaze
recordings, difficulty in testing etc.) during the first session.

To be able to test a wide range of young autistic children,
we sought to shorten Version 1, after running it on Group 1
(non-autistic) participants, reasoning that the shortest pos-
sible version would be more likely to be clinically feasible
for autistic children. To do this, we selected the target sen-
tences with the highest success rates (more than 50% of
children performed correctly) based on (a) dwell time
(DT) to the matching video during the target sequence,
and (b) the comparison of DT to the matching video
between target and neutral sequences. These different steps
resulted in a final stimulus set comprising four SV, four
SVO, four CLITIC, and three TENSE. Since the TENSE
structure includes in fact two substructures–tense modal-
ities (past/present), we chose to keep three target sentences
per substructure, for a total of six trials for TENSE.

Across the 32 trials of Version 1, we had balanced the
proportion of actions with a boy versus a girl agent, the pro-
portion of videos in which the first display of the trial started
on the right or on the left of the screen, and the proportion of
trials for which the audio-matching video was on the right
or on the left. In version 2, trials were no longer fully
balanced within structures but were nearly balanced across
the task (Table S2). We considered that preferential looking
was not biased to either side of the screen due to either the
gender of the agent or an over-presentation of matching vid-
eos on a particular side.

Version 2 of MOSYCAT included 18 trials: 4 SV, 4
SVO, 4 CLITIC, and 6 TENSE (3 target present tense
and 3 target composite past tense). It lasted approximately
13 min (Table S2), divided into two parts; all structures
were included in both parts: 7 min for part A, which
included an introduction to the video characters, and
6 min for part B, in which characters were not introduced.
The two parts were always presented in the same order
(A, then B), but the presentation order of trials was rando-
mized within each part, except that each part began and
ended with an SV trial. When the second testing session
was on a different day (see above), a laminated screenshot
of the actors was used as a reminder of actor identity.

Data Acquisition and Processing
Eye-tracking data from MOSYCAT were acquired at a
120 Hz sampling rate with the Tobii Pro-fusion eye-
tracking device (Tobii® Technology, Sweden), in a free-
movement set-up (no chin rest, and the child was not
restrained in any way). Stimuli were broadcasted on a
1920× 1080 LED presentation screen (F27T450FQR,
SAMSUNG, Seoul, South Korea; refreshing rate: 75 Hz).
Participants were seated approximately 70 cm away from

Table 2. Characteristics of MOSYCAT Version 1 (Long) and
MOSYCAT Version 2 (Shortened).

MOSYCAT
Version 1

MOSYCAT
Version 2

Part A Part B Part A Part B

# Items 16 16 9 9
Duration (minutes) 12’ 13’ 7’ 6’

Note. Items in each part began and ended with an SV structure, but were
otherwise in randomized order.

Michel et al. 7

https://journals.sagepub.com/doi/suppl/10.1177/23969415261451402
https://journals.sagepub.com/doi/suppl/10.1177/23969415261451402


the screen, either alone, or on the lap of a trusted adult.
Sounds were delivered through a portable speaker posi-
tioned behind the screen, equidistant from the right and
left of the screen (Go 3, JBL, Northridge, USA) and set at
a comfortable sound level. Lighting conditions were
adjusted, according to the room where the experiment
took place (lab or room at a school/daycare center), to maxi-
mize data quality in eye-tracking recordings and child com-
fort. Children’s gaze direction was recorded continuously.
There were no explicit instructions, except to look at the
screen. Throughout the testing session, the experimenter
monitored the eye-tracking recording, to ensure that the
eye-tracking system was continuously capturing the partici-
pant’s eyes. Calibration was performed using 5 or 2 target
points which could either be a simple circle or an animated
GIF with sound to ease calibration (Sasson & Elison,
2012). In case of poor or unavailable calibration during
acquisition, we applied a correction using in-house
MATLAB scripts for recordings exhibiting a systematic off-
set calibration, and if notes about the child’s behavior during
acquisition demonstrated the child was paying attention to
the screen. The procedure consisted of isolating recording
sections corresponding to the inter-stimulus intervals where
the stimulus remained at the center of the screen and perform-
ing a translation along the X and Y axis to compensate for the
constant global offset. This correction was then applied to
recalibrate the gaze position of the child’s complete record-
ing (Franck et al., 2012). This likely had no influence on
our results as areas of interest (AOI) were large, and our mea-
sures did not rely on the location of participant fixations but
rather on participant exploration. Counting two recordings
per child (the two parts of the task), the percentage of total
recordings for which this correction was used was 7.6% in
Group 1, 20% in Group 2, and 40% in the ASD group.

AOI and time of interest (TOI) were defined directly in
the recordings using the Tobii Pro Lab software (v.1.207).
AOI corresponded to the location of each video (matching
and non-matching); TOI, representing the time portion vari-
able, could either be the total length of the target sequence
(Total) or correspond to two successive TOI representing
halves of the target sequence (1st Half 1; 2nd Half). Data
were exported using the I-VT fixation gaze filter algorithm
proposed by Tobii to categorize datapoints as fixations
(http://www.vinis.co.kr/ivt_filter.pdf).

Data were preprocessed using in-house MatLab scripts
(9.9.0.2037887). Gaze position data were averaged across
the two eyes. Missing data on time periods smaller than
200 ms were interpolated (Leppänen et al., 2015). The
I-VT fixation gaze filter proposed by Tobii automatically
labels events, such as saccades and fixations, and unidenti-
fied events. We measured DT separately for both the match-
ing and non-matching video, i.e., the time spent exploring
each visual scene, including saccades and fixations. Based
on measures proposed in Tovar et al., 2015 (coded off-line,
by hand), two types of parameters recorded during the target

were used: those based on DT, and those based on the first
orientation (FO). For analyses of DT-based parameters, a
trial was considered valid if the total DT in both the neutral
and target sequences was superior to the DT threshold
(900 ms). The DT threshold, derived from Group 1 data,
corresponded to the minimum DT in the 95% most looked
at trials, across matching and non-matching video, consid-
ering all conditions and children. The threshold was
680 ms for the target sequence, and 908 ms for the neutral
presentation. We chose a cut-off of 900 ms, rounding the
neutral presentation threshold. For analysis of FO-based
parameters, a trial was considered valid if DT in the neutral
sequence only was greater than the threshold.

To evaluate the FO, saccade information was extracted,
using in-house MatLab scripts (Kovarski et al., 2019), only
if it met the following conditions: (a) the saccades occurred
3000 ms after the onset of the cat-GIF, corresponding to the
appearance of both videos on the screen and (b) gaze hit an
AOI, whether matching or non-matching.

DTmeasured the time spent exploring the visual scene, in a
pre-defined AOI, corresponding to the size of the video on the
screen or, when two videos appeared side by side, the whole
half of the screen. Other parameters derived fromDTwere cal-
culated considering different TOI (total length of the target
sequence; halved times of the target sequence - time portion),
following Naigles and collaborators (Candan et al., 2012;
Naigles et al., 2011; Tovar et al., 2015). To characterize chil-
dren’s eye-gaze behavior, two DT-based parameters were
used. Exploration proportion corresponds to the proportion of
DT toward the matching video with respect to the total (or
halved) DT (e.g., matching + non-matching video). This pro-
portion was calculated on a trial-by-trial basis and then aver-
aged across trials; values above 50% indicate that the child
looked more at the matching videos. A second parameter, the
exploration accuracy, corresponded to the percentage of correct
trials with respect to the total number of valid trials per condi-
tion. A trial was considered correct if exploration proportion
was significantly higher than 50% (p< .05 on chi-square
test), meaning that exploration accuracy was more stringent
than exploration proportion.

Finally, we measured the latency and accuracy of the FO
to evaluate “automatic processing” of linguistic informa-
tion. Orientation latency corresponds to the latency (in
milliseconds) of the first correct saccade (toward the match-
ing video) with respect to the onset of the two videos in the
target sequence. Orientation accuracy corresponds to the
percentage of trials where the first saccade was made toward
the matching video (e.g., a correct response) relative to the
number of valid trials.

Statistical Analysis
Statistical analyses were performed following our hypoth-
eses. The feasibility of the different tasks was assessed
with a measure of participation. “Participation” refers to
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the percentage of participants who engaged in the task,
meaning they complied with task instructions and had the
necessary skills to perform the task as instructed, regardless
of data quality, completion rate, and accuracy scores.
Acceptability of the different tasks was explored by evalu-
ating completion rate, i.e., the percentage of participants
able to finish the task according to any stopping criteria.
For MOSYCAT, participation refers to the percentage of
participants who participated in both task sessions (Part A
and Part B), and completion refers to the percentage of par-
ticipants who completed both of these sessions, meaning
they remained seated and focused on the screen for the dur-
ation of the task providing complete recordings.
MOSYCAT data usability was measured as the percentage
of children providing usable data, i.e., with at least one valid
trial per linguistic structure and at least 50% of valid trials
overall.

Analysis of the eye-tracking parameters was performed
using data recorded for the trials included in Version 2 of
MOSYCAT (n= 18); as some items were not present in
Version 1, only data from trials common to Group 1 and
Group 2 and ASD were used for analysis of Group 1 (n=
15). The effect of task length on DT and number of valid
trials was evaluated by means of Mann–Whitney non-
parametric tests comparing the two groups of non-autistic
children using only items common to both groups (n=
15). Preliminary validity was assessed by evaluating the
correlation of our results with those of a standardized
assessment of language comprehension. Only participants
from Group 1 were included in this analysis. A principal
component analysis (PCA) was used to identify the most
relevant eye-gaze parameters. Eye-tracking data, averaged
across structure, were z-transformed within parameters
and across participants. Loadings on the first two compo-
nents of the PCA were correlated with raw scores obtained
on the EVALO morphosyntactic comprehension subtest
using Spearman correlations.

To evaluate data validity, we measured moments of the
distribution shape of each parameter and tested whether
the distribution was normal using a Shapiro–Wilks test in
the autistic participants (n= 21) and in the non-autistic par-
ticipants (n= 79). To test our hypotheses regarding lan-
guage development in non-autistic children, we tested the
effect of age on data from the whole target sequence. All
parameters met the assumptions of the linear model (no out-
liers, residual normality, homoscedasticity) and were there-
fore analyzed by means of a linear model with age as a
continuous variable. To test our hypotheses regarding the
effect of diagnosis on children’s behavior, we took into
account potential differences between the first and second
halves of the target sequence (Naigles et al., 2011), analyz-
ing exploration proportion and exploration accuracy with a
two factor mixed design ANOVA with diagnosis (two
levels: ASD/non-ASD) and time portion (two levels:
Half1/Half2) as within-subject factors. If the ANOVA

assumptions were not met, we relied on robust ANOVA.
Effects of diagnosis on orientation latency and accuracy
were evaluated by means of two-sample t-tests or their non-
parametric equivalent.

Results

Feasibility and Acceptability
Beginning with MOSYCAT acceptability and feasibility,
Table 3 presents participation and completion rates for
each of the tasks in our experimental protocol. Shortening
the task yielded higher feasibility and acceptability of the
task even in non-autistic children (i.e., comparison of
GRP1 and GRP2). Out of all tasks in the protocol,
MOSYCAT presented the highest participation and com-
pletion rates for the autistic children.

Data Usability
Data usability was assessed by measuring the percentage of
participants with sufficient valid data, i.e., enough trials
meeting the defined minimum DT thresholds (see
Methods Section). A child’s valid data was considered to
be sufficient when (a) there was at least one valid trial per
condition and (b) at least 50% of the child’s total trials
were valid; henceforth, data for the remaining children
were averaged over a minimum of 9 trials. We note with
regard to (a) that the number of participants having only
one valid trial for any given structure was very low: 8/56
(14.29%) in Group 1, 2/23 (8.69%) in Group 2, and 1/21
(4.76%) in the ASD group. Since our objective was a global
score for morphosyntactic comprehension, we reasoned that
(a) and (b) were both needed to ensure that children’s per-
formance would indicate their ability to understand sen-
tences. We found that more than 85% of children in each
group provided sufficient data (Table 4).

The effect of task length was evaluated by comparing the
two TD groups on the percentage of valid trials and mean
exploration duration using the 15 items common to both
versions of the task. The percentage of valid trials did not
differ between Group 1 (M= 97.9, SD= 3.84) and Group
2 (M= 98.18, SD= 5.88) (Mann–Whitney U= 496, n1=
51, n2= 22, p= .28 two-tailed, effect size= 0.13). Mean
exploration duration during the target sequence was signifi-
cantly shorter in Group 1 (M= 5087 ms, SD= 566 ms) than
in Group 2 (M= 5363 ms, SD= 670 ms) (Mann–Whitney
U= 345, n1= 51, n2= 22, p= .0096 two-tailed, effect
size= 0.30).

Participants who did not provide usable data, whether
because they did not participate, or complete the task, or
because data was of poor quality, were removed from fur-
ther analyses: 5/56 from Group 1, 1/23 from Group 2 and
3/21 from the ASD group.
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Preliminary Validity
Data from the non-autistic children in Group 1 were
included in a PCA run over the four eye-tracking measures.
Two principal components (PCs) accounted for 86.5% in
data variability (63.2% by PC1; 23.3% by PC2)
(Figure 2A). PC1 was better explained by DT for matching
videos, with contributions of exploration proportion and
exploration accuracy of 31.08% and 31.76%, respectively.
PC2 was better explained by orientation latency
(57.56%). Spearman correlations with scores on the
EVALO morphosyntactic comprehension subtest
(Figure 2B) revealed a strongly significant positive correl-
ation with PC1 (DT for matching video) (rho=0.48, p<
.001) and a non-significant negative correlation with PC2
(orientation latency) (rho=-0.26, p= .06).

Data Distribution in Each Group
We expected a valid task to assess morphosyntactic abilities
to produce relatively normally distributed parameters in our
population samples. Here we report the Shapiro–Wilk tests
and moments (skewness and kurtosis) of the distribution for
each parameter in both groups (Figure 3). Exploration pro-
portion followed a normal distribution in both groups (non-
autistic: W= 0.98, p= .33; autistic: W= 0.94, p= .34). The
distribution of exploration proportion was approximately

symmetric and close to the normal distribution in non-
autistic children with minimal skew (0.42) and kurtosis
(3.1) in the expected range for a normal distribution. For
autistic children, the distribution was symmetric (skew-
ness=−0.24) with slightly fatter tails (moderate negative
excess kurtosis=−1.06).

Exploration accuracy followed a normal distribution in
the autistic group (W= 0.91, p= .09), but not in the non-
autistic group (W= 0.96, p= .04). The distribution of
exploration accuracy was approximately symmetric in the
non-autistic group (non-autistic= 0.044) but was left
skewed in the autistic group (skewness=−1). Kurtosis
was in the normal range for both groups (autistic group:
excess kurtosis= 0.74; non-autistic: −0.12), although
slightly peakier in the autistic group.

Orientation latency followed a normal distribution in the
autistic group (W= 0.92, p= .13) but not in the non-autistic
group (W= 0.92, p < .001). Latency of the FO did not fol-
low a normal distribution; it had a very peaky shape (excess
kurtosis= 1.16) and a strong rightward asymmetry (skew-
ness= 1.09) in non-autistic participants. In autistic partici-
pants, the distribution had a slightly right-skewed normal
distribution (excess kurtosis= 0.07; skewness= 0.71).
This demonstrates the presence of two outliers in the non-
autistic groups with delayed first correct responses.

Finally, orientation accuracy followed a normal distribu-
tion in the non-autistic group (W= 0.98, p= .26) but not in

Table 3. Comparison of Task Participation and Completion Rates (%) for Each Participant Group.

Task

Group 1 (Non-Autistic) Group 2 (Non-Autistic) ASD

Participated %
/56

Completed %
/56

Participated %
/24

Completed %
/24

Participated %
/21

Completed %
/21

MOSYCAT (IPL +
eye-tracking task)

87.50 80.36 95.65 95.65 95.24 85.71

EVALO morphosyntactic
Comprehension

94.6 92.9 Discontinued

EVALO-phoneme
discrimination

100 100 100 100 28.6 10

LITMUS-sentence repetition 92.9 92.9 100 95.7 42.9 38.1
LITMUS-nonword repetition 96.4 91.1 100 100 42.9 42.9
WPPSI-block design 100 100 100 100 66.7 52.4
WPPSI-object assembly 100 100 100 100 95.2 61.9

Note. Participated= child agreed to participate (in each session of) the task proposed. Completed= child completed (each session of) the task.
ASD= autism spectrum disorder; IPL = intermodal preferential looking.

Table 4. MOSYCAT Participation, Completion, and Valid Trial Rates for Each Participant Group (n/Group Total and %).

Group Participated in Each MOSYCAT Session Completed Each MOSYCAT Session Sufficient Number of Valid Trials

Group 1 49/56= 87.50% 45/56= 80.36% 51/56= 91.07%
Group 2 22/23= 95.65% 22/23= 95.65% 22/23= 95.65%
ASD 20/21= 95.24% 20/21= 95.24% 18/21= 85.71%

Note. Sufficient number of valid trials= number and percentage of participants having a minimum of 1 valid trial per condition (syntactic structure) and for
whom overall 50% of task trails yielded valid data.
ASD = Autism Spectrum Disorder.
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the autistic group (W= 0.89, p= .04). The accuracy of the
first saccade presented a distribution with moments in the
range of the normal distribution in the non-autistic group
(skewness=−0.09; excess kurtosis=−0.11). In the autistic
group, moments were not in the range of the normal distri-
bution. The distribution was rightly skewed (skewness=
1.23) and peakier (excess kurtosis= 1.44) than a normal
distribution, driven by some children with higher
performance.

Age Effect in the Non-Autistic Participants
For exploration proportion, a linear regression in non-
autistic participants (n= 73), indicated a significant positive
linear relationship between age and exploration proportion
(β= .302, F(1,71)= 12.02, p < .001; Figure 4A); the model
explained 13% of inter-subject variance (adjusted R2=
0.13). A significant positive linear relationship was also
observed between age and exploration accuracy (β= .51,

Figure 2. Preliminary validity. A) Results of the principal components analysis (PCA). B) Correlation analyses of PC1 (left) and PC2
(right) with the scores at EVALO morphosyntactic comprehension subtest. Dots represent individual Group 1 participants (n= 56).
PCA = principal component analysis; PC = principal component.

Figure 3. Distribution of the eye-tracking parameters in autistic and non-autistic participants (non-autistic (n= 79): dark gray (n= 21);
autistic: light gray). A) Exploration proportion; B) exploration accuracy; C) orientation latency; D) orientation accuracy.
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F(1,71)= 6.78, p= .012), although the model explained
only a small proportion of the inter-subject variance
(adjusted R2= 0.07). Exploration proportion and accuracy
increased with increasing age.

There was a significant negative linear relationship
between age and orientation latency with a decrease in the
latency of the first correct saccades toward the matching
video with increasing age (β=−11.97, F(1,71)= 6.79, p=
.011; Figure 4B), although the model explained only a small
proportion of inter-subject variance (adjusted R2= 0.07).
Orientation accuracy did not show a significant linear rela-
tionship with age (β= 0.15, F(1,71)= 1.24, p= .27, R2=
0.003).

Effect of Diagnosis
The effect of diagnosis was evaluated based on the perform-
ance split according to the first and second halves of the tar-
get sequence. Exploration proportion was analyzed by
means of a two-way mixed ANOVA. Exploration propor-
tion was significantly lower (F(1,89)= 6.77, p= .011) in
the ASD group (M= 53.93, SE= 8.64) than in the
non-ASD group (M= 59.78, SD= 10.66). Time portion
(F(1,89)= 10.27, p= .002) also affected exploration pro-
portion but with no interaction with diagnosis (F(1,89)=
0.008, p= .93). Children, regardless of their diagnosis,
looked more at the matching video during the second half
(M= 60.86, SD= 11.81) than during the first half of the trial
(M= 56.39, SD= 8.57) (Figure 5A).

Similar results were obtained for exploration accuracy
with a robust two-way mixed ANOVA. Autistic children
had lower performance (M= 43.36, SD= 13.15) than
non-autistic children (M= 51.18, SD= 16.93; F(1,
17.22)= 5.498, p= .031). All children performed better
in the second half (M= 53.62, SD= 17.34) than in the
first half (M= 45.65, SD= 14.69) of the trial (F(1,
15.37)= 5.46, p= .033).

Orientation latency was higher in autistic children (M=
1658 ms, SD= 524 ms) than in non-autistic children (M=

1057 ms, SD= 453) (Mann–Whitney U= 1083, n1= 73,
n2= 18, p< .001 two-tailed; effect size= 0.44) (see
Figure 5B). Orientation accuracy did not differ between aut-
istic (M= 50.89, SD= 14.27) and non-autistic (M= 56.91,
SD= 12.61) children (t(89)=-1.77, p= .08).

Discussion
Our aim was to determine whether an IPL task testing sev-
eral different syntactic structures could be used to assess
morphosyntactic comprehension in autistic children. We
sought to develop a task suitable for young autistic children
that has practical feasibility, potential clinical usefulness,
and linguistic relevance. To that aim, we used an IPL para-
digm combined with eye-tracking to assess morphosyntac-
tic comprehension. In designing MOSYCAT, we
considered practical, methodological, and theoretical con-
straints in the creation of a first and a second version of
the task, with future clinical application in mind. In our
exploration of the validity of this tool to assess morphosyn-
tactic comprehension, we formulated several hypotheses
regarding the distribution of the parameters that we mea-
sured and the effects of age and diagnosis on these
parameters.

Our first consideration was to create a protocol that was
as short as possible to allow easier assessment of autistic
children and assessment of a wider range of autistic children
across the spectrum. We designed a long version of the task
and then reduced it based on the selection of items on which
performance was the highest in a group of young non-
autistic children (Group 1). As expected, shortening the
task increased (a) the percentage of participants who pro-
vided usable data and (b) the time spent exploring the visual
scenes during the target sequence, without impacting the
percentage of valid trials. To increase acceptability and
feasibility, the task was split into two sessions that could
be held on either the same or different days. Running the
two sessions on the same day as in Group 2 could yield lar-
ger fatigability and decrease task performance, yet Group 2

Figure 4. MOSYCAT exploration proportion and orientation latency in non-autistic participants according to age (X-axis). Individual
participants (n= 79) are represented as dots. A) Mean exploration proportion (Y-axis). B) Orientation latency to the matching video.
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children had the highest participation and completion rates,
and provided more usable data, suggesting that break dur-
ation had no influence on performance. On the other
hand, children from Group 1, who had long breaks but
also longer sessions, had decreased participation rates, sug-
gesting that increasing break durations (of more than a cou-
ple of days) led to greater chances that children would not
complete the second session. In other words, shortening
the task seems to have had more effect on children’s per-
formance than break duration. Shortening the task so that
it could be administered to autistic children improved visual
attention in the non-autistic children. All autistic children
included in the study were able to take part in
MOSYCAT, except one (who participated in/completed
only one of the two sessions), showing the high acceptabil-
ity of the task by autistic children. Out of all the tasks in our
experimental protocol (Table 3), this was the only language
task in which so many autistic children were able to partici-
pate regardless of their level of required support, NVIQ, or
expressive language level. It moreover was the task with the
best overall completion rate for the autistic children. The
appropriateness of this task for these autistic children is not-
able since they represented the well-known variability
across the autism spectrum: some of them required very
substantial support for their level of autism traits, had low
NVIQs, and/or had very minimal expressive language

skills. These results suggest that this task meets the impera-
tives and constraints of acceptability, practical feasibility,
and suitability for autistic children that directed its creation.
The MOSYCAT protocol allowed for the assessment of
morphosyntactic comprehension, confirming it is a power-
ful tool to establish receptive language profiles in a wide
range of children using a passive, undemanding task
(Houston-Price et al., 2007; Plesa Skwerer et al., 2016;
Tager-Flusberg & Kasari, 2013).

MOSYCAT utilizes eye-tracking and thus although it
was designed to assess morphosyntactic abilities, it also
clearly relies on some non-linguistic skills (e.g., processing
speed, visual attention). Following a number of studies on
language in autism (Schaeffer et al., 2023), we noted that
many standardized morphosyntactic comprehension tasks,
such as the EVALO act-out task that was part of our proto-
col, rely on non-linguistic skills that make testing many aut-
istic children entirely impossible. As anticipated, we found
that nearly every autistic child we studied was able to com-
plete MOSYCAT, whereas the act-out task, which required
volitional actions and strong inhibition, among other skills,
had to be abandoned because of inordinate testing time and
associated behavioral issues. In other words, whereas task
demands on traditional morphosyntactic assessment tasks
preclude their use for many children, non-linguistic skills
tapped by IPL-with-eye-tracking do not preclude its use

Figure 5. Effect of diagnosis. A) Exploration proportion (Y-axis) according to time portion (X-axis) and diagnostic group (shapes). B)
Latency (X-axis) of the FO toward the matching video, according to diagnostic group (Y axis). Latency 0 corresponds to the
appearance of the two videos on the screen. For (A) and (B), gray asterisks: autistic participants (n= 21); gray dots: non-autistic
participants (n= 79). Black symbols are the mean per diagnostic group. Error bars are standard deviation.
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for most children. As expected, given the number of autistic
children in our sample who were minimally speaking, par-
ticipation and completion rates for the language production
tasks in our protocol (nonword repetition and sentence repe-
tition) were very low (<50%).

We expected a valid tool to evaluate morphosyntactic
comprehension to yield parameters with normal or close to
normal distributions in both population samples. Data nor-
mality and moments of the distribution demonstrated that
the parameters measured overall yielded normal distributions
that were approximatively symmetric with a reasonable
spread of values and without extreme outliers, and no distor-
tion, suggesting that MOSYCAT can be used to assess mor-
phosyntactic abilities in all children.We expected a valid tool
to evaluate morphosyntactic comprehension to show sensi-
tivity to chronological age. Consistent with our expectations,
our parameters were sensitive to chronological age, reflecting
that in the non-autistic population, syntactic comprehension
matures with age (Candan et al., 2012).

Our PCA analysis showed that different language pro-
files were captured by a combination of orientation latency
and exploration proportion or exploration accuracy, and
that these were linked to standardized evaluation scores.
In other words, a combination of parameters appears to be
more appropriate to describe children’s morphosyntactic
comprehension. The PCA and associated correlations sup-
ported MOSYCAT’s validity and confirmed its clinical
suitability, since results from this task correlated with an
independently validated measure of morphosyntactic com-
prehension, the EVALO object manipulation task. It should
be noted that orientation accuracy did not explain much of
children’s performance variability, nor did it increase with
age or differ between groups, suggesting that orientation
accuracy may measure a skill of children less related to lan-
guage comprehension.

Finally, as expected, autistic children spent less time
exploring the videos than non-autistic children, resulting
in a reduced number of valid items used in further statistical
analyses. In line with the literature, autistic children at the
group level performed less well than the non-autistic chil-
dren: they spent less time looking at the matching video,
and they directed their gaze toward the matching video
with a delay. Yet they directed their first gaze toward the
matching video with the same accuracy as non-autistic par-
ticipants. A delayed orientation to the matching video was
expected, and therefore, we evaluated performance separ-
ately in the first and second half of the target sequence,
expecting better performance in the second half (Naigles
et al., 2011), especially for autistic children (Su &
Naigles, 2019). This hypothesis was confirmed, but, in con-
trast to Naigles et al. (2011), we found that this effect was
not group-specific: both autistic and non-autistic children
showed the same pattern. This result suggests that perform-
ance improved in the second half for both autistic and non-
autistic children. The longer orientation latency in autistic

children might in fact be the result of disrupted anticipated
responses, in line with the predictive coding model of aut-
ism (Chao et al., 2024; Gomot & Wicker, 2012; Van De
Cruys et al., 2014). Delayed orientation may suggest that
the familiarization to the videos in the “Neutral
Presentation” is less beneficial for autistic children, com-
pared to non-autistic children. Hence, the “Target
Sequence” would appear as new to autistic children, thus
preventing anticipatory or faster orientation. Non-autistic
children, on the other hand, benefited from the neutral pres-
entation, understood that the videos remained on the same
side of the screen, and oriented faster to the matching vid-
eos. This could be tested by measuring anticipatory orienta-
tion and checking whether there was a difference between
autistic and non-autistic participants. This could not be
done in our study, as orientation latency was measured after
the video onset.

In this study, our aim was to make a methodological con-
tribution to the study of morphosyntactic understanding in
autism, by developing a tool that effectively assesses mor-
phosyntactic comprehension in young children from across
the spectrum, whatever their strengths and challenges may
be, including notably children with little or no expressive
language. In other words, we have reported here on the
feasibility of assessing an autistic child’s morphosyntactic
comprehension with MOSYCAT. The next step in our
study of MOSYCAT was to tackle the heterogeneity
inherent in autism (level of required support, intellectual
ability, overall language level), especially in young
autistic children, through exploration of morphosyntactic
comprehension-production profiles generated by
MOSYCAT paired with LITMUS-SR, a maximally inclu-
sive task for assessing expressive morphosyntax (see
Michel et al., submitted), profiles which could contribute
to refinement of clinical profiles for young autistic children.
Envisaging full transfer of MOSYCAT to clinical practice
warrants further study, notably with the aims of reducing
the cost of eye-tracking equipment, extending atomization
of data processing and analysis, as well as development
of robust profile thresholds.

Limitations
We believe that this study demonstrates that eye-tracking
can be used for the assessment of general morphosyntactic
comprehension in autistic and young typically developing
children. However, we would like to underline some
important limitations, which we offer in the spirit of further-
ing discussion on how experimental tasks such as
MOSYCAT can be meaningfully transferred to clinical set-
tings. Throughout the study, we grappled with finding a bal-
ance between the desire to develop a robust, controlled task
and the desire to assess a wide range of autistic children.
First of all, task administration was not entirely standar-
dized due to constraints linked to the clinical environment
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in which testing took place and our wish to assess as broad a
range of autistic children as possible, including those
requiring considerable support. Lighting conditions were
not standardized, not only because of differing environ-
ments, but also to ensure child comfort. To accommodate
children and caregivers, break durations both within and
between sessions were variable, which certainly could
introduce variability in task engagement and performance.
Second, despite our following recommended guidelines to
maximize the calibration procedure (Sasson & Elison,
2012), calibration remained low or impossible for a number
of children. We therefore used a posteriori calibration to
correct eye-gaze trajectories (Franck, 2012) for a number
of recordings (7.6% in Group 1, 20% in Group 2 and
40% in the ASD group). Although this procedure appears
to be applied regularly, few studies have described it in
detail or reported the number of recordings concerned. All
of these adjustments were made to increase feasibility,
acceptability, and data usability in difficult-to-access chil-
dren. It remains to be determined how any or all of these
adjustments may have affected children’s performance,
negatively or positively.

Our IPL task was combined with automated processing
of eye-tracking data, something that is probably not avail-
able in most clinical settings. This raises the important ques-
tion of whether manual coding of MOSYCAT might
increase its clinical usability. Venker et al. (2020) compared
manual coding and automatic coding of a task testing the
lexical processing of single words. While the two methods
yielded similar results, with children (ages 2 to 3) looking
significantly more at the target image (e.g., a hat) when it
corresponded to the auditory stimulus (Look at the hat!)
than when it was only semantically related to the auditory
stimulus (e.g., Look at the pants!), though overall accuracy
was significantly larger for manual compared to automatic
gaze coding and automatic coding led to more data loss.
A further step would be to compare the use of
MOSYCAT with automatic (eye-tracker) coding, as in
this study of children ages 2 to 5, with (off-line) manual
coding. Such a study would be useful in advancing eye-
gaze methodology for young autistic children, especially
since MOSYCAT differed from the Venker et al. task in
several ways. Whereas the Venker et al. study was based
on a lexical processing task (i.e., single words), in which
trials lasted approximately 6.5 s, MOSYCAT assesses sen-
tence comprehension, with trials lasting 30 s. Finally,
MOSYCAT parameters were linked to an independent
measure of morphosyntactic comprehension in the non-
autistic children, providing preliminary validity of the
task. However, we were unable to perform a similar ana-
lysis in the autistic children due to these children’s inability
to engage in the standardized morphosyntax act-out task. A
future study could determine MOSYCAT validity in autis-
tic children through comparison with clinical/parental
assessment of children’s sentence comprehension.

Nonetheless, in our follow-up study (Michel et al., submit-
ted), we used MOSYCAT and an autism-friendly task of
morphosyntactic production to identify comprehension-
production profiles for autistic children.

Our population sample of young autistic children con-
tained very few girls, and several bilingually exposed chil-
dren. Numbers did not allow for exploration of either of
these variables in relation to MOSYCAT feasibility.
These weaknesses are unfortunately common in studies
on language in autism, and particularly in young children
(see Prévost & Tuller, 2022; Schaeffer et al., 2025).

Conclusion
We developed a short, passive task allowing for assessment
of syntactic comprehension based on several syntactic struc-
tures of varying complexity: MOSYCAT. Young children,
both non-autistic and autistic, including many not yet produ-
cing sentences, were able to engage in the task. It moreover
was the task with the highest completion rate for autistic chil-
dren. The parameters measured were normally distributed in
both population samples and correlated with standardized
language assessment in the non-autistic children, demonstrat-
ing the relevance of MOSYCAT for evaluating comprehen-
sion in young autistic children, often unable to perform other
types of tasks assessing language comprehension. Finally,
MOSYCAT assesses morphosyntactic comprehension of
several linguistic structures, making it linguistically relevant,
and serving potentially to distinguish an autistic child able to
understand a very simple structure from a child with no or
complete morphosyntactic comprehension.

In sum, MOSYCAT is suitable for young autistic chil-
dren and may constitute an important contribution to the
assessment of language comprehension in autistic children
from across the spectrum. As such, it could ultimately serve
in speech-language pathology, allowing for the establish-
ment of individual language profiles, even for children
who may currently be considered “unassessable,” though
clinical transfer is clearly not ready at this time.
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Notes
1. Given the age range, and based on information collected from

families, the bilingual children all had either simultaneous
bilingual exposure (most), or very early sequential exposure.
All autistic children were receiving services (including
speech-language therapy) exclusively in French. The number
of bilingual children in each group did not allow for investiga-
tion of whether task feasibility or outcome was related to bilin-
gualism. For a review of bilingualism in language acquisition in
autistic children, see Prévost and Tuller, 2022.

2. The gender imbalance in the ASD Group reflects the fact that
ASD continues to be diagnosed later in girls than in boys, if
not missed altogether (Lockwood Estrin et al., 2021), and
thus diagnosed children in this age range are predominantly
boys. As is typical for early-diagnosed girls, all four were non-
speaking and had associated intellectual disability; two of them
were bilingually exposed. The limited number of girls pre-
cluded examination of gender in this study.

3. Means were calculated over scores of all participants assessed
with the ADOS-2 (n = 19), either Toddler Module, Module
1, or Module 2.

4. The approximate IQ range is, for mild ID, 50–69, for moderate
ID, 36–49, and for severe ID, 20-35 (DSM-IV).
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