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30 ABSTRACT:
31 Sentence comprehension relies on the ability to rapidly integrate different types of linguistic and
32  non-linguistic information. However, there is currently a paucity of research exploring how
33  preschool children with autism understand sentences using different types of cues. The
34  mechanisms underlying sentence comprehension remains largely unclear. The present study
35 presents a protocol to examine the sentence comprehension abilities of preschool children with
36 autism. More specifically, a visual world paradigm of eye-tracking is used to explore the moment-
37 to-moment sentence comprehension in the children. The paradigm has multiple advantages.
38  First, it is sensitive to the time course of sentence comprehension and thus can provide rich
39 information about how sentence comprehension unfolds over time. Second, it requires minimal
40 task and communication demands, so it is ideal for testing children with autism. To further
41  minimize the computational burden of children, the present study measures eye movements that
42  arise as automatic responses to linguistic input rather than measuring eye movements that
43  accompany conscious responses to spoken instructions.
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INTRODUCTION:

Sentence comprehension relies on the ability to rapidly integrate different types of linguistic and
non-linguistic information!!. Prior research has found that young typically developing (TD)
children incrementally compute the meaning of a sentence using both linguistic and non-
linguistic cues'?!®, However, there is currently a paucity of research exploring how preschool
children with autism understand a sentence using different types of cues. The mechanisms
underlying their sentence comprehension remains largely unclear.

It is generally acknowledged that there is enormous variability in the language abilities of children
with autism, especially in their expressive language; for example, some children with autism have
relatively good structural language, some exhibit deficits in both lexical and grammatical domains,
some demonstrate impaired grammar, and some never acquire functional spoken language?®-2°.
In addition, prior research seems to suggest that their receptive language is relatively more
impaired than their expressive language®®?°. Most research that has assessed sentence
comprehension abilities of children with autism have used offline tasks (e.g., standardized tests,
caregiver reports), and the findings suggest that their sentence comprehension abilities might be
particularly impaired3®-3’. However, it has been pointed out that poor comprehension abilities
are more likely related to these children’s overall lack of social responsiveness than to language
processing deficits3® 3°. Note that these offline tasks used in previous research often require high
response demands or interactions with the experimenters, which might pose particular
difficulties for children with autism, because they often exhibit various challenging behaviors or
symptoms. As a result, this may interact with the high task and communication demands and
mask their comprehension abilities [for an overview of methods for assessing receptive language
in children with autism, see Kasari et al. (2013)?’ and Plesa-Skwerer et al. (2016)?°]. Thus,
experimental paradigms that can better control these confounding factors are required to further
understand the nature of sentence-processing mechanisms in autism.

In the current study, we present an eye-tracking paradigm that can directly and effectively assess
sentence comprehension abilities of children with autism. Compared to offline tasks, eye-
tracking is a more sensitive testing paradigm to demonstrate children’s comprehension abilities.
It is sensitive to the time course of the comprehension process and requires no explicit motor or
language responses from the participant, making it a promising method to study younger children
and minimally verbal children with autism. In addition, we record eye movements as automatic
responses to linguistic input instead of measuring eye movements that accompany conscious
responses to linguistic input.

PROTOCOL:

This study has been approved by the Ethics Committee of the School of Medicine at Tsinghua
University. Informed consent has been obtained from all individual participants included in the
study.

1. Participant Screening and Study Preparation

1.1 Recruit Mandarin-speaking preschool children with autism.
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Note: Their diagnoses should be confirmed by pediatric neurologists at hospitals using DSM-IV-
TR* or DSM-5%! and, ideally, the number of participants should be no less than 15. The present
study recruited 25 participants with confirmed diagnoses.

1.2 Evaluate each participant independently using gold-standard diagnostic instruments like the
Autism Diagnostic Observation Schedule*?.

1.3 Measure the verbal IQ of participants using the Wechsler Preschool and Primary Scale of
Intelligence-IV (CN), a standardized 1Q test designed for Mandarin-speaking children between the
ages of 2-6 and 6-11%,

Note: The verbal 1Q scores of the children with autism in the present study were all above 80.
They were all high-functioning children with autism.

1.4 Calculate each participant’s mean length of utterance (MLU) by dividing the total number of
words by the number of utterances in each speech sample. Record 100 utterances for each
participant from either their interactions with parents or with teachers. Then, calculate the MLU
by dividing the total number of words in each participant’s utterances by 100.

Note: MLU indicates the participant’s sentence complexity levels.

1.5 Recruit TD children. Ideally match the TD children to the children with autism for age (TD
group 1), MLU (TD group 2), and verbal IQ (TD group 3).

Note: The present study recruited 50 TD children (25 boys and 25 girls) from local kindergartens.
25 matched to the children with autism for age and 25 matched to the children with autism for
both MLU and verbal 1Q.

2. Warm-up Session

2.1 Invite the participants for a warm-up session before the actual test. Introduce the participant
to the research environment and interact with him or her to establish a good rapport.

Note: This can be done on the same day as the testing session or organized on a different day. In
the warm-up session, two experimenters are typically involved and interact with the participant
using toys and props.

3. Conditions and Experimental Design

3.1 Construct the test stimuli. Create 12 target items, each comprised of a visual stimulus, and
two spoken sentences containing the morphological markers BA and BEI, respectively. Construct
the spoken sentences using the same structure: morphological marker + noun phrase (NP) +
adverb + verb phrase (VP) (see Examples 1a and 1b below).
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Note: The marker BA indicates that the following NP is the recipient of the holding event (see
2a), and BEI indicates that the following NP is the initiator of the event (see 2b). The subject NP
of a sentence in Mandarin can often be omitted when the referent of the NP is contextually
available.

Example:
(1) a. BA shizi qinggingdi bao-le gilai.
BA lion gently hold up

Meaning: Someone gently holds the lion.
b. BEI shizi gingqgingdi bao-le gilai.
BEI lion gently hold up
Meaning: Someone is gently held by the lion.
(2) a. BA + [NP]Recipient
b. BEI + [NP]initiator

3.1.1. Use Pixelmator (or another image editor) to create visual images. Open Pixelmator. Click
on the Pixelmator icon. Create a visual image from a template. Click Show Details in the template
chooser. Double-click the template to open it. Adjust the width, height, resolution, and color
depth from the pop-up menus. Enter the relevant parameters. Click OK.

3.1.2. Use Praat (or another audio editor) to construct spoken sentences. Set up the microphone.
Open Praat. Click on the Praat icon. Select Record Mono sound from the New menu. Set the
recording conditions by clicking the sample rate option of 22050. Click the Record button.

3.1.3. Record the spoken sentences by asking a native Beijing Mandarin-speaker to produce the
sentences in a child-directed manner. Save the recordings by clicking Save.

Note: Typically, 12 to 16 target items are constructed for sentence comprehension studies with
children. Test stimuli can be created using other image and audio editors for a visual world study.

3.1.2 Construct visual images, each containing two pictures. The two pictures depict the same
event involving the same characters. Reverse the event roles (initiator or recipient) of the two
characters in the two pictures. Make one picture compatible with the construction containing BA
(BA-target event) and one with the construction containing BEI (BEI-target event). An example is
provided in Figure 1.

Note: This figure has been reprinted with permission from Zhou and Ma (2018)*°.

3.2 Counterbalance and randomization: divide the target trials into two experimental lists, with
a participant seeing each visual stimulus but listening to only one of the recorded sentences for
the stimulus. Counterbalance the spoken sentences containing BA and BEIl across the two
experimental lists, with 6 constructions containing BA and 6 containing BEI. Add 12 filler items to
each experimental list and arrange the target and filler trials in a random order. Randomly assign
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the participants to the two lists.
4. Experimental Procedure
4.1 Eye-tracking procedure.

4.1.1. Invite the participants to sit comfortably in front of the display monitor of the remote eye
tracker. Set the distance between the participants’ eyes and the monitor around 60 cm. Perform
the standard calibration and validation procedures by asking the participants to fixate on a grid
of five fixation targets in random succession.

4.1.2. Present the participants with a spoken sentence while they are seeing a visual image, as
done in the standard visual world paradigm®**, Use the monocular eye-tracking option by
tracking the eye that is on the same side as the illuminator of the eye tracker. Record the
participant’s eye movements using the eye tracker.

Note: The eye tracker used in the present study allows remote eye-tracking with a sampling rate
of 500 Hz.

4.2 Testing and measuring.

4.2.1. Test the participants individually. Simply tell the participants to listen to the spoken
sentences while they are viewing the pictures. Ask one experimenter to monitor the participant
on the computer and one to stand behind the participant and gently rest her hands on the
participant’s shoulders to minimize the participant’s sudden movements.

4.2.2. Measure the participant’s eye movements that arise as automatic responses to the
linguistic input using the eye tracker.

Note: The task does not ask participants to make any conscious judgments about the spoken
sentences to minimize their computational burden. The eye tracker automatically records the
eye movements.

4.3 Monitoring during the test: use the live viewer mode on the computer screen, exhibited by
the eye tracker during the test, to observe the participant’s looking behavior. Ask the
experimenter who monitors data collection via the live viewer mode to signal to the
experimenter who stands behind the participant to reorient the participant if his or her eye gaze
wanders off the computer screen.

5. Data Treatment and Analysis
5.1 Code the participants’ fixations in two interest areas. Use Data Viewer to draw the two

interest areas: BA-target event area and BEI-target event area (see Figure 1). Open Data Viewer.
Select one of the interest area shape icons on the tool bar. Use the mouse to drag a box around
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the region you want to define as an interest area. Save the interest area in the Interest Area Set
folder. Apply the interest area to other visual images.

Note: The depicted event in the upper panel of Figure 1 matches the BA-construction, hence the
BA-target event, and the event depicted in the lower panel matches Figure 1b, hence the BEI-
target event. The software used for data coding is Data Viewer, which comes with the eye tracker
used in the study. Other data analysis software is also available.

5.2 Analyze the eye gaze patterns using Data Viewer.

5.2.1. Open Data Viewer. Choose the sample report function from the menu to set the time
windows for analysis (e.g., every 200 ms for the time window in the present study). Use the same
function to time lock the fixation proportions in the interest areas to the onset of the marker for
each trial. Export the raw data into an excel file using the export function from the menu.

5.2.2. Use the excel functions to average the fixation proportions following the onset of the
marker for each area. Use the excel functions to compute the fixation proportions in each time
window of 200 ms over a period of 5200 ms (the mean length of the target sentences + 200 ms)
from the onset of the marker for the two areas. Apply linear mixed-effects models to the eye
movement data, detailed in Representative Results below.

Note: The use of 200 ms as a time window is based on the standard procedure for analyzing child
eye gaze data in the literature'?!318194>47 3nd it is generally assumed that it takes about 200 ms
to observe thhe effects of linguistic markers on eye movements*,

REPRESENTATIVE RESULTS:

The present study uses minimal pairs as in Examples 1a and 1b to investigate if and how fast
children with autism can use event information encoded in two morphological markers during
real-time sentence comprehension. It was predicted that if they are able to rapidly and effectively
use event information in the two markers during real-time sentence comprehension, then they
should look more at the BA-target event when hearing BA than when hearing BEI. Also, they
should fixate more on the BEI-target event after listening to BEI than after listening to BA.

The comparison between 5-year-olds with autism and their age-matched TD peers is presented
in the representative results. Figure 2 shows the average fixation proportions of the TD 5-year-
olds on the BA-target event (Panel A) and BEI-target event (Panel B) in the two conditions. Figure
3 summarizes the average fixation proportions of the 5-year-olds with autism.

The figures show that the autism group displayed eye movement patterns similar to the age-
matched TD group. Both groups exhibited more fixations on the BA-target event when hearing
BA than when hearing BEI, occurring after onset of the object NP and before onset of the adverb.
To be specific, the effect occurred in the TD group during the window between 1400 and 1600
ms (Figure 2), whereas the effect occurred in the autism group during the window between 1800
and 2000 ms (Figure 3). By contrast, an opposite eye movement pattern was found in the BEI-
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target event for both groups: more fixations on the BEI-target event were observed when hearing
BEI than when hearing BA, again occurring after onset of the object NP and prior to onset of the
adverb.

Fixation proportions were then transformed using the empirical logit formula®: probability =
In[(y+0.5)/(n-y+0.5)], where y is the number of fixations on the areas of interest during a
particular temporal bin and n is the total number of fixations in that temporal bin. Linear mixed-
effects models were then fitted to the transformed data. Statistical models were computed for
the two groups separately based on their fixations in the two interest areas in the critical time
windows, where time and marker type (BA versus BEI) were treated as fixed effects. Random
intercepts and slopes were included for both participants and items>°. The fitting process was
conducted via functions Imer from package Ime4 (v1.1-12)°! of the R (v3.2.5) software
environment®2. A Wald test was then used to compute p-values for each fixed effect.

The model results for the TD 5-year-olds in the two interest areas: in the BA-target event area,
hearing BA caused the TD children to look significantly at this event more than when hearing BEI
(8= 0.54, p <.001). In addition, there was a significant interaction between marker type and
time ( 8= 0.33, p < .001), indicating that the probability of fixating on the BA-target event
increased over time after the onset of BA. However, the TD children exhibited an opposite eye
movement pattern in the BEI-target event area. Hearing BEI triggered more fixations on the BEI-
target event than hearing BA ( 8= -0.60, p < .001). Again, there was a significant interaction
between marker type and time ( #=-0.21, p < .001), suggesting that the TD group’s tendency to
look at the BEI-target event declined over time after the onset of BA.

The model results for the 5-year-olds with autism in the two interest areas: the autism group
showed similar eye movement patterns. Hearing BA triggered more fixations on the BA-target
event than hearing BEI ( = 0.50, p < .001). Hearing BEI triggered more looks at the BEI-target
event than hearing BA ( 8= -0.54, p < .001). Like the TD group, the autism group exhibited
significant interactions in both interest areas. In both the BA-target and the BEl-target event
areas, the children with autism displayed a significant interaction between marker type and time
(£=0.15, p < .01 in the BA-target event area; £=-0.16, p < .01 in the BEI-target event area).

Overall, the eye patterns exhibited by the 5-year-olds with autism provide evidence that they
were able to use the event information encoded in two morphological markers rapidly and
effectively during real-time sentence comprehension. The results show that the recorded eye
movements as automatic responses to the linguistic input are sensitive measures of sentence
comprehension abilities in both TD children and children with autism.

FIGURE AND TABLE LEGENDS:
Figure 1. Example visual image. (A) Indicates a BA-target event. (B) Represents a BEl-target

event. This figure has been reprinted with permission from Zhou and Ma (2018)%.

Figure 2: Average fixation proportions from marker onset in both conditions in TD 5-year-olds.
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(A) Shows the fixation proportions on the BA-target event. (B) Illustrates the fixation proportions
on the BEI-target event.

Figure 3. Average fixation proportions from marker onset in both conditions in 5-year-olds with
autism. (A) Shows the fixation proportions on the BA-target event. (B) lllustrates the fixation
proportions on the BEI-target event.

DISCUSSION:

In the current study, we present an eye-tracking paradigm that can directly and effectively assess
the sentence comprehension abilities of children with autism. We found that 5-year-old children
with autism, like their age-matched TD peers, exhibited eye gaze patterns that reflect effective
and rapid use of linguistic cues during real-time sentence comprehension.

The findings provide evidence that eye-tracking (in particular, the visual world paradigm) is a
sensitive measure of real-time sentence comprehension in children with autism. Compared to
offline methods, the paradigm has several advantages. First, it is sensitive to the time course of
sentence comprehension. Second, it minimizes the task and communication demands involved,
thus is a better-suited method that can be used with children exhibiting challenging behavioral
features. Third, it simply records eye movements as automatic responses to linguistic input
without asking participants to provide conscious judgments about the input, significantly
reducing the computational burden of the subjects.

The visual world paradigm is based on a linking assumption that eye movements in the visual
world are synchronized to the real-time processing of concurrent linguistic stimuli. Thus, an
effective language comprehension study using the visual world paradigm requires a close
mapping between eye gaze patterns in the visual world and referential processing of the spoken
language. To ensure a close mapping between the two, it is important to first design the visual
stimuli in a way so that eye movements in the visual images reflect only the processes underlying
comprehension of the spoken language, and that other factors that may affect participants’ eye
movements are well-controlled. Second, it is important to time-lock participants’ eye movements
to the onset of a critical linguistic marker in the spoken language, and to make sure that each
element and boundaries of the spoken language elements can be clearly identified for later
analyses.

The visual world paradigm has been used successfully to test TD children’s language abilities. The
present study explored the potential of conducting visual world studies on language
comprehension in preschool children with autism. As discussed, these findings provide evidence
for the validity and sensitivity of the paradigm in testing linguistic knowledge in children with
autism. The findings also invite us to rethink questions surrounding the language comprehension
abilities of children with autism. As discussed, previous research seems to suggest that the
sentence comprehension abilities of children with autism might be severely impaired; however,
as noted by Kasari et al.?’ and Plesa-Skwerer et al.?, it is often difficult to evaluate the
comprehension abilities of children with autism using traditional methods like standardized tests
or other off-line tasks, because these tasks require high response demands or interactions with
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the experimenters; as a result, this might pose particular difficulties for children with autism.
Using the visual world paradigm, the present study shows for the first time that when minimal
task and communication demands are involved, young children with autism are able to use
linguistic cues effectively and rapidly during real-time sentence comprehension. Their sentence
comprehension abilities are far better than has been suggested by previous research. The
findings also provide evidence that poor comprehension performance of children with autism in
past research is perhaps due to a lack of social responsiveness and the high task and
communication demands involved in these traditional tasks.

The visual world paradigm can be systematically applied to establish eye gaze patterns associated
with language processing in autism, which will help us better understand the nature of sentence
processing mechanisms in autism as well as help to identify early clinical markers for autism.
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
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teaching classes, and to post a copy of the Article on the
Institution’s website or the Author's personal website, in
each case provided that a link to the Article on the JoVE
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Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
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Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
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below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time In the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in item 1 above. In consideration of JOVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.5.C. 403, then the
rights granted hereunder shall be limited to the maximum
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rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or medification of all or any
portion of the Materials does not and will not violate,
infringe andfor misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JOVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JOVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12 indemnification. The Author agrees to indemnify
JoVE and/or Its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JOVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to
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the making of a video by JOVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13, Fees. To cover the cost incurred for publication,
JOVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
Invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14, Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.
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Rebuttal Letter

Click here to download Rebuttal Letter Response to
Comments.docx

Department of Foreign Languages and Literatures
Child Cognition Lab, Tsinghua University
Beijing 100084, China
zhoupeng1892@mail.tsinghua.edu.cn

4 July, 2018
Dear Editor,

Thank you very much for the editorial comments on our second revised manuscript. The
following is a summary of how we have responded to your thoughtful comments.

(1) In response to the 1%t comment: Please remove the trademark and any commercial
language.

We have now removed the trademark.

See lines 102-104: “1.3 Measure the verbal 1Q of the participants using the Wechsler
Preschool and Primary Scale of Intelligence - IV (CN) — a standardized 1Q test
designed for Mandarin-speaking children between the ages of 2; 6 and 6;11%%.”

(2) In response to the 2" comment: Step 3.1, 3.1.1, 3.1.2, 3.2: For steps that are done
using software, a step-wise description of software usage must be included in the step.
Please mention what button is clicked on in the software, or which menu items need to
be selected to perform the step. The current step is too general, therefore, it will be hard
for the readers to replicate this step.

We have now included a step-wise description of software usage whenever possible. We also
wish to note that there are different options available to construct test stimuli for a visual
world study. The present study just provides one option.

See lines 137-147: 3.1 Construct test stimuli. Create 12 target items, each comprised
of a visual stimulus, and two spoken sentences containing the morphological markers
BA and BEI respectively. Use Pixelmator (or other image editors) to create visual
images. Open Pixelmator. Click on the Pixelmator icon. Create a visual image from a
template. Click “Show Details” in the template chooser. Double-click the template to
open it. Adjust the width, height, resolution, and color depth from the pop-up menus.
Enter the relevant parameters. Click OK. Use Praat (or other audio editors) to
construct spoken sentences. Set the microphone. Open Praat. Click on the Praat icon.
Select “Record Mono sound” from the “New” menu. Set the recording conditions by
clicking the sample rate option of 22050. Click the “Record” button. Record the
spoken sentences by asking a native Beijing Mandarin-speaker to produce the

29 2

sentences in a child directed manner. Save the recordings by clicking “Save”.

I+
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(3) In response to the 3" comment: Step 4.1-4.3: Details are missing in these steps. All
details should be included in the steps instead of the notes, otherwise, the steps cannot
be filmed. Please write the steps in imperative tense.

We have now added details about these steps and we have moved most of the information
from notes to the steps using imperatives.

See lines 193-220: “4.1 Eye-tracking procedure. Invite the participants to sit
comfortably in front of the display monitor of the remote eye tracker. Set the distance
between the participants’ eyes and the monitor around 60 cm. Perform the standard
calibration and validation procedures by asking the participants to fixate on a grid of
five fixation targets in random succession. Present the participants with a spoken
sentence while they are seeing a visual image, as in the standard visual world
paradigm'® 44, Use the monocular eye tracking option by tracking the eye that is on
the same side as the illuminator of the eye tracker. Record the participants’ eye
movements using the eye tracker.

Note: The eye tracker used in the present study allows remote eye tracking with a
sampling rate of 500 Hz.

4.2 Testing and measuring. Test the participants individually. Simply tell the
participants to listen to the spoken sentences while they are viewing the pictures. Ask
one experimenter to monitor the participant on the computer and one to stand behind
the participant and gently rest her hands on the participant’s shoulders to minimize the
participant’s sudden movements. Measure the participant’s eye movements that arise
as automatic responses to the linguistic input using the eye tracker.

Note: The task does not ask the participants to make any conscious judgments about
the spoken sentences, so as to minimize the computational burden of the participants.
The eye tracker automatically records the participants’ eye movements

4.3 Monitoring during the test. Use the live viewer mode on the computer screen,
exhibited by the eye tracker during the test, to observe the participant’ looking
behavior. Ask the experimenter who monitors data collection via the live viewer
mode to signal to the experimenter who stands behind the participant to reorient the
participant if the participant’ eye gaze wanders off computer screen.”

(4) In response to the 4" comment: Step 5.1-5.2: These steps cannot be filmed unless a
step-wise description of software usage is provided.

We have now added a step-wise description of software usage. We also wish to note that
different eye trackers use different software for coding and analyzing data. The present study
just provides one option.

Lines 266-286: “5.1 Code the participants’ fixations in two interest areas. Use Data
Viewer to draw the two interest areas: BA-target event area and BEI-target event area
(see Figure 1). Open Data Viewer. Select one of the interest area shape icons on the
tool bar. Use the mouse to drag a box around the region you want to define as an
interest area. Save the interest area in the “Interest Area Set folder”. Apply the interest
area to other visual images.



Note: The depicted event in the upper panel of Figure 1 matches the BA-construction,
and hence the BA-target event, and the event depicted in the lower panel matches
(1b), and hence the BEI-target event. The software used for data coding is Data
Viewer that comes with the eye tracker used in the study. Other data analysis software
is also available.

5.2 Analyze the eye gaze patterns using Data Viewer. Open Data Viewer. Choose the
sample report function from the menu to set the time windows for analysis (e.g., every
200 ms as a time window in the present study). Use the same function to time lock the
fixation proportions in the interest areas to the onset of the marker for each trial.
Export the raw data into an excel file using the export function from the menu. Use
the excel functions to average the fixation proportions following the onset of the
marker for each area. Use the excel functions to compute the fixation proportions in
each time window of 200 ms over a period of 5200 ms (the mean length of the target
sentences plus 200 ms) from the onset of the marker for the two areas. Apply linear
mixed-effects models to the eye movement data, detailed in the section
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“Representative Results”.

(5) In response to the 51" comment: Line 247-267, 279-288: These text shows overlap
with previous publication. Though there may be a limited number of ways to describe a
technique, please use original language throughout the manuscript.

As you noted, it is fairly hard to use completely original language to describe a technique, in
particular, in a way that is different from the authors’ own publications. But we have tried to
rewrite the sections to avoid significant overlap.

See lines 306-368: “The figures show that the autism group displayed eye movement
patterns similar to the age-matched TD group. Both groups exhibited more fixations
on the BA-target event when hearing BA than when hearing BEI, occurring after the
onset of the object NP and before the onset of the adverb. To be specific, the effect
occurred in the TD group in the time window between 1400-1600 ms (see Figure 2).
The effect occurred in the autism group in the time window between 1800-2000 ms
(see Figure 3). By contrast, an opposite eye movement pattern was found in the BEI-
target event for both groups: more fixations on the BEI-target event were observed
when hearing BEI than when hearing BA, again occurring after the onset of the object
NP and prior to the onset of the adverb.

Fixation proportions were then transformed using the empirical logit formula®:
probability=In((y+0.5)/(n-y+0.5)), where y is the number of fixations on the areas of
interest during a particular temporal bin; n is the total number of fixations in that
temporal bin. Linear mixed-effects models were then fitted to the transformed data.
Statistical models were then computed for the two groups separately on their fixations
in the two interest areas in the critical time windows, where time and marker type (BA
versus BEI) were treated as fixed effects; random intercepts and slopes were included
for both participants and items®. The fitting process was conducted via functions Imer
from package Ime4 (v1.1-12)%! of the R (v3.2.5) software environment®2. A Wald test
was then used to compute p-values for each fixed effect.



The model results for the TD 5-year-olds in the two interest areas: In the BA-
target event area, hearing BA led the TD children to look significantly more at this
event than hearing BEI (5= 0.54, p < .001). In addition, there was a significant
interaction between marker type and time (= 0.33, p < .001), indicating that the
probability of fixating on the BA-target event increased over time after the onset of
BA. However, the TD children exhibited an opposite eye movement pattern in the
BEI-target event area. Hearing BEI triggered more fixations on the BEI-target event
than hearing BA (= -0.60, p < .001). Again, there was a significant interaction
between marker type and time (f= -0.21, p < .001), suggesting that their tendency to
look at the BEI-target event declines over time after the onset of BA.

The model results for the autism 5-year-olds in the two interest areas: The autism
group showed similar eye movement patterns. Hearing BA triggered more fixations
on the BA-target event than hearing BEI (f= 0.50, p < .001). Hearing BEI triggered
more looks at the BEI-target event than hearing BA (5= -0.54, p < .001). Like the TD
group, the autism group exhibited significant interactions in both interest areas. In
both the BA-target event area and the BEI-target event area, they displayed a
significant interaction between marker type and time (5= 0.15, p < .01 in the BA-
target event area; f=-0.16, p < .01 in the BEI-target event area).”

(6) We have also added a funding source.

See lines 569-573: “This work was funded by the National Social Science Foundation of
China [16BYY076] to Peng Zhou, and the Science Foundation of Beijing Language and
Cultural University under the “the Fundamental Research Funds for the Central Universities”
[15YJ050003]. The authors are grateful to the children, the parents and the teachers at the
Engi Autism Platform and at the Taolifangyuan Kindergarten, Beijing, China, for their
support in running the study.

Again, we wish to thank you for your careful reading and thoughtful comments.

Best,

Peng Zhou



