@‘ healthcare

Article

Watching Videos and Television Is Related to a Lower
Development of Complex Language Comprehension in
Young Children with Autism

Elisabeth Fridberg 1>(9, Edward Khokhlovich 3 and Andrey Vyshedskiy 1-%*

check for

updates
Citation: Fridberg, E.; Khokhlovich,
E.; Vyshedskiy, A. Watching Videos
and Television Is Related to a Lower
Development of Complex Language
Comprehension in Young Children
with Autism. Healthcare 2021, 9, 423.
https://doi.org/10.3390/
healthcare9040423

Academic Editors: Ilaria Baiardini

and Alyx Taylor

Received: 2 February 2021
Accepted: 25 March 2021
Published: 6 April 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Biology Department, Boston University, Boston, MA 02215, USA; liza.fridberg@gmail.com
ImagiRation, Boston, MA 02135, USA

Independent Researcher, Newton, MA 02459, USA; edpiter@gmail.com

*  Correspondence: vysha@bu.edu; Tel.: +1-(617)-433-7724

wON =

Abstract: The effect of passive video and television watching duration on 2- to 5-year-old children
with autism was investigated in the largest and the longest observational study to date. Parents
assessed the development of 3227 children quarterly for three years. Longer video and television
watching were associated with better development of expressive language but significantly impeded
development of complex language comprehension. On an annualized basis, low TV users (low
quartile: 40 min or less of videos and television per day) improved their language comprehension
1.4 times faster than high TV users (high quartile: 2 h or more of videos and television per day). This
difference was statistically significant. At the same time, high TV users improved their expressive
language 1.3 times faster than low TV users. This difference was not statistically significant. No effect
of video and television watching duration on sociability, cognition, or health was detected.

Keywords: autism; ASD; language delay; screen time; television time; receptive language; lan-
guage comprehension

1. Introduction

High exposure to TV has been found to negatively affect language acquisition in young
neurotypical children. Chonchaiya et al. showed that children younger than one year who
watched more than 2 h of TV per day were six times more likely to have language delays
than their peers who watched less than 1 h per day [1]. In a parent-reported investigation
of 2441 children aged 2 and 3, Madigan et al. demonstrated that high screen use was
associated with delayed development measured one and two years later [2]. Zimmerman
et al. used a parent-reported measure to assess language development in 1008 children
between the ages of 2 months and 24 months. Exposure to television led to a 28% decrease
in the score for every hour of viewing in the 8-16-month age group [3]. Byeon et al.
surveyed the parents of 1778 toddlers to find that the risk of language delay increased
proportionally with TV watching time. Children that watched 3 h of TV per day were three
times more likely to develop a language delay than their counterparts that watched less
than 1 h per day [4]. In addition to language delay, high TV exposure has been implicated
in decreased executive functioning, lower cognitive abilities, reduced short-term memory,
increases in rates of anxiety and depression, as well as reduced emotional stability, and
self-control [5-9]. Thus, there is strong consensus that passive TV and video watching has
a negative effect on young children, and the American Academy of Pediatrics recommends
that television and video time be kept to a minimum in children 2 years and older, and
avoided in younger children [10].

In contrast to neurotypical children, studies of television use in children diagnosed
with Autism Spectrum Disorder (ASD) are often framed to uphold the benefits of television.
One such study touted the benefits of TV on vocabulary [11]. Another study suggested the
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benefits on social development [12]. While increased vocabulary and social modeling may
have a significant positive effect on ASD children’s quality of life, it is important to consider
the potentially harmful effects of television on their overall language development. This
begs the question of whether ASD children, who have a unique developmental trajectory,
are similarly impacted by early exposure to television. As many children with ASD have
language deficits, it is integral to define the role of television exposure on their symptoms.

Our unique position of operating a popular language therapy app provided us with
thousands of parent-reported evaluations of children with ASD collected longitudinally.
Through obligatory quarterly assessments, we also collected data on video and television
watching habits of children enrolled in the program. In order to identify the effect of video
and television, we compared high and low television users on five orthogonal measures:
(1) receptive language, (2) expressive language, (3) sociability, (4) cognitive awareness, and
(5) health.

For the purposes of our research, receptive language was defined as complex language
that uses modifiers, spatial prepositions, and fictitious situations, which require visuospa-
tial mental integration rather than memorization. Complex language comprehension is
illustrated by the two phrases “cat on a mat” and “mat on a cat”. While the two phrases
share the same vocabulary and the same grammar, a neurotypical individual can easily tell
the difference. When reading the two phrases, one visualizes the two situations in their
mind’s eye and places the image of the cat on top of the image of the mat. Similarly, if the
phrase was modified to become “big black cat on a tiny wet mat”, one would immediately
adjust the mental image to reflect the additional details. When the new phrase is rearranged
to “big black mat on a wet cat”, the same process of disassembly and reassembly takes
place. Thus, a completely new image is constructed, despite the fact that most people have
never seen a mat on a cat. This ability to combine and recombine novel mental images at
will (called prefrontal synthesis or PFS [13]) is essential for complex receptive language,
including comprehension of spatial prepositions, semantically reversible sentences, and
recursion [14,15].

2. Methods
2.1. Participants

Participants were users of a language therapy app that was made available gratis at all
major app stores in September 2015. Once the app was downloaded, caregivers were asked
to register and to provide demographic details, including the child’s diagnosis and age.
Caregivers consented to anonymized data analysis and completed the Autism Treatment
Evaluation Checklist (ATEC) [16], an evaluation of the receptive language using the Mental
Synthesis Evaluation Checklist (MSEC) [17], as well as the Screen Time assessment. The
first evaluation was administered approximately one month after the download. The
subsequent evaluations were administered at approximately three-month intervals. To
enforce regular evaluations, the app became unusable at the end of each three-month
interval, and parents were required to complete an evaluation to regain its functionality.

2.2. Inclusion Criteria

From this pool of potential study participants, we selected participants based on the
following criteria:

(1) Consistency: Participants must have filled out at least three ATEC evaluations and
the interval between the first and the last evaluation was 6 months or longer.

(2) Diagnosis: ASD. Children without ASD diagnosis were excluded from the study. The
parent-reported ASD diagnosis was not verified directly, as we cannot ask participants
to submit documentation. However, ATEC scores support ASD diagnosis. Average
initial ATEC total score was 74.9 & 24.0, which corresponds to moderate-to-severe
ASD as delineated in [18] and Table 1.
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Table 1. Approximate relationship between Autism Treatment Evaluation Checklist (ATEC) total score, age, and Autism

Spectrum Disorder (ASD) severity as described in Mahapatra et al. [19]. At any age, a greater ATEC score indicates greater

ASD severity.
Severity Age
2 3 4 5 6 7 8 9 10 11 12
Mild <82 <65 <52 <43 <36 <31 <28 <25 <23 <21 <20
Moderate 82-130 65-103 52-83 43-69 36-58 31-50 28-44 25-39 23-36 21-34 20-32
Severe 130-179 103-179  83-179 69-179 58-179 50-179 44-179 39-179 36-179  34-179 32-179

2.3. Exclusion Criteria

(1) Maximum age: Participants older than five years of age were excluded from this
study.

(2) Minimum age: Participants who completed their first evaluation before the age of
two years were excluded from this study.

After excluding participants that did not meet these criteria, there were 3227 total
participants.

2.4. Evaluations

A caregiver-completed Autism Treatment Evaluation Checklist (ATEC) [16] and Men-
tal Synthesis Evaluation Checklist (MSEC) [17] were used to track child development.
The ATEC questionnaire comprises four subscales: (1) speech/language/communication,
(2) sociability, (3) sensory/cognitive awareness, and (4) physical/health/behavior. The
first subscale, speech/language/communication, contains 14 items, and its score ranges
from 0 to 28 points. The sociability subscale contains 20 items within a score range of 0
to 40 points. The third subscale, referred to here as the cognitive awareness subscale, has
18 items, and scores range from 0 to 36 points. The fourth subscale, referred to here as
the health subscale, contains 25 items, and scores range from 0 to 75 points. The scores
from each subscale are combined in order to calculate a total score, which ranges from
0 to 179 points. A lower score indicates lower severity of ASD symptoms, and a higher
score indicates more severe symptoms of ASD. ATEC is not a diagnostic checklist. It was
designed to evaluate the effectiveness of treatment [16]; thus, ASD severity can only have
an approximate relationship with the total ATEC score and age. Table 1 lists approximate
ATEC total score as related to ASD severity and age as described in Mahapatra et al. [19].

ATEC was selected because it is one of the few measures validated to evaluate treat-
ment effectiveness. In contrast, another popular ASD assessment tool, Autism Diagnostic
Observation Schedule or ADOS [20], has only been validated as a diagnostic tool. Var-
ious studies have confirmed the validity and reliability of ATEC [21-23], and several
trials confirmed ATEC’s ability to longitudinally measure changes in participant perfor-
mance [19,24-26]. Whitehouse et al. used ATEC as a primary outcome measure for a
randomized controlled trial of their iPad-based intervention for ASD, named “Therapy
Outcomes By You” or TOBY, and noted ATEC’s “internal consistency and adequate predic-
tive validity” [27]. These studies support the effectiveness of ATEC as a tool for longitudinal
tracking of symptoms and assessing changes in ASD severity.

2.5. Expressive Language Assessment

The ATEC speech/language/communication subscale includes the following ques-
tions: (1) knows own name, (2) responds to “No” or “Stop”, (3) can follow some commands,
(4) can use one word at a time (No!, Eat, Water, etc.), (5) can use two words at a time (Don't
want, Go home), (6) can use three words at a time (Want more milk), (7) knows 10 or
more words, (8) can use sentences with four or more words, (9) explains what they want,
(10) asks meaningful questions, (11) speech tends to be meaningful /relevant, (12) often
uses several successive sentences, (13) carries on fairly good conversation, and (14) has
normal ability to communicate for their age. With the exception of the first three items, all
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items in the ATEC subscale 1 primarily measure expressive language. Accordingly, the
ATEC subscale 1 is referred to in this manuscript as the expressive language subscale to
distinguish it from the receptive language subscale tested by the MSEC evaluation.

2.6. Receptive Language Assessment

The MSEC evaluation was designed to be complementary to ATEC in measuring
complex receptive language. Out of 20 MSEC items, those that directly assess receptive
language are the following: (1) understands simple stories that are read aloud, (2) under-
stands elaborate fairy tales that are read aloud (i.e., stories describing FANTASY creatures),
(6) understands some simple modifiers (i.e., green apple vs. red apple or big apple vs.
small apple), (7) understands several modifiers in a sentence (i.e., small green apple), (8)
understands size (can select the largest/smallest object out of a collection of objects), (9)
understands possessive pronouns (i.e., your apple vs. her apple), (10) understands spatial
prepositions (i.e., put the apple ON TOP of the box vs. INSIDE the box vs. BEHIND
the box), (11) understands verb tenses (i.e., I will eat an apple vs. I ate an apple), (12)
understands the change in meaning when the order of words is changed (i.e., understands
the difference between “a cat ate a mouse” vs. “a mouse ate a cat”), and (20) understands
explanations about people, objects or situations beyond the immediate surroundings (e.g.,
“Mom is walking the dog”, “The snow has turned to water”). MSEC consists of 20 questions
within a score range of 0 to 40 points; similarly to ATEC, a lower score indicates better
receptive language.

The psychometric quality of MSEC was tested with 3715 parents of ASD children [17].
Internal reliability of MSEC was good (Cronbach’s alpha > 0.9). MSEC exhibited adequate
test-retest reliability, good construct validity, and good known group validity reflected by
the difference in MSEC scores for children of different ASD severity levels.

To simplify interpretation of figure labels, the subscale 1 of the ATEC evaluation is
referred to here as the expressive language subscale and the MSEC scale is referred to as
the receptive language subscale.

2.7. Video and Television Watching Time Assessment

In addition to the ATEC and MSEC evaluations, participants were required to respond
to the question: “How much time does your child spend watching any videos? (YouTube,
TV) (each day)”. To assess the effect of video and television watching time, we compared
participants in the high-video-watching-duration quartile (high TV users) to participants
in the low-video-watching-duration quartile (low TV users), Table 2. The high TV users
were matched to the low TV users by age, gender, expressive language, receptive language,
sociability, cognitive awareness, and health at the 1st evaluation (baseline) using propensity
score analysis [28].

Table 2. High- and low-video-watching-duration quartiles demographics data.

High TV Users Quartile Low TV Users Quartile

Video (TV, YouTube) viewing time >120 min/day <40 min/day
Number of participants 797 797
Age at baseline 34+07 3.6 0.8
Male Gender 71% 81%

2.8. Statistical Analysis

The framework for the evaluation of score changes over time was explained in detail
in Mahapatra et al. [19] and Vyshedskiy et al. [14]. In short, the concept of a “Visit” was
developed by dividing the 3-year-long observation interval into 3-month periods. All
evaluations were mapped into 3-month-long bins with the first evaluation placed in the
first bin. When more than one evaluation was completed within a bin, their results were
averaged to calculate a single number representing this 3-month interval. Thus, we had 12
quarterly evaluations for both high- and low-TV-duration groups.
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It was then hypothesized that there was a two-way interaction between TV duration
group and Visit. Statistically, this hypothesis was modeled by applying the Linear Mixed
Effect Model with Repeated Measures (MMRM), where a two-way interaction term was
introduced to test the hypothesis. The model (Endpoint~Baseline + Gender + Severity +
TV-duration-group * Visit) was fit using the R Bioconductor library of statistical packages,
specifically the “nlme” package. The subscale scores at baseline, gender, and severity
were used as covariates. Conceptually, the model fits a plane into n-dimensional space.
This plane considers a complex variability structure across multiple visits, including base-
line differences. Once such a plane is fit, the model calculates Least Squares Means (LS
Means) for each subscale and TV duration group at each visit. The model also calculates
LS Mean differences between the high-TV-duration group and low-TV-duration group
at each visit. Participants in the high-TV-duration group were matched to those in the
low-TV-duration group using propensity score analysis [28] based on age, gender, expres-
sive language, receptive language, sociability, cognitive awareness, and health at the 1st
evaluation (baseline).

2.9. Informed Consent

Caregivers consented to anonymized data analysis and publication of the results. The
study was conducted in compliance with the Declaration of Helsinki [29].

2.10. Compliance with Ethical Standards

Using the Department of Health and Human Services regulations found at 45 CFR
46.101 (b) (1), it was determined that this research project is exempt from institutional
review board oversight.

2.11. Data Availability

De-identified raw data from this manuscript are available from the corresponding
author upon reasonable request.

2.12. Code Availability Statement

Code is available from the corresponding author upon reasonable request.

3. Results

On the receptive language subscale, the average improvement in high TV users over
36 months was 6.09 points (SE = 0.80, p < 0.0001) compared to 8.08 points (SE = 0.68,
p <0.0001) in low TV users, Figure 1A, Table 3, Table S1. The difference in high TV users
relative to low TV users at month 36 was statistically significant: 2.58 points (SE = 1.04,
p = 0.0128). The positive difference (marked in the Table 3 as “High-Low”) indicates that
high TV users had greater scores at month 36 and, therefore, more severe symptoms. On
an annualized basis, low TV users improved their receptive language 1.4 times faster than
high TV users (high TV users = 2.0 points/year; low TV users = 2.7 points/year).

Conversely, on the expressive language subscale, high TV users improved their score
to a greater extent than low TV users. High TV users improved over the 36-month period
by 7.96 points (SE = 0.54, p < 0.0001) compared to 6.17 points (SE = 0.45, p < 0.0001)
improvement in low TV users, Figure 1B, Table S2. The difference in high TV users relative
to low TV users at month 36 was not statistically significant: —1.26 points (SE = 0.7,
p =0.0719). On an annualized basis, high TV users improved their expressive language
1.3 times faster than low TV users (high TV users = 2.7 points/year; low TV users =
2.1 points/year).
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Figure 1. Longitudinal plots of subscale scores LS Means. Horizontal axis shows months from the 1st
evaluation (0 to 36 months). Error bars show the 95% confidence interval. To facilitate comparison
between subscales, all vertical axes ranges have been normalized to show 40% of their corresponding
subscale’s maximum available score. A lower score indicates symptom improvement. P-value is
marked: ** p < 0.001; * p < 0.05. (A) Receptive language score. (B) Expressive language score. (C)
Sociability score. (D) Cognitive awareness score. (E) Health score.
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Table 3. Characteristics of high and low TV user quartiles. Data are presented as Least Squares Means (LS Means) (SE; 95%
CI). A lower score indicates a lower severity of ASD symptoms. The difference between high TV and low TV quartiles is
presented as LS Mean (SE; p-value). The positive high-low difference indicates that high TV users had a higher score and
therefore more severe symptoms.

Baseline Month 36 Month 36-Baseline
Subscale . . .
High TV Low TV . High TV Low TV . High TV Low TV
Users Users High-Low Users Users High-Low Users Users
Receptive 31.4 (0.43; 30.8 (0.42; 0.6 (0.3; 25.3 (0.88; 22.7 (0.76; 2.58 (1.04; —6.09 (0.8; —8.08 (0.68;
Language 30.5-32.2) 29.9-31.6) 0.0505) 23.6-27) 21.2-24.2) 0.0128) <0.0001) <0.0001)
Expressive 18.3 (0.32; 17.7 (0.32; 0.53 (0.22; 10.3 (0.6; 11.6 (0.53; —-1.26 (0.7, —796(0.54, —6.17(0.45;
Language 17.64-18.9) 17.11-18.4) 0.0175) 9.12-11.5) 10.52-12.6) 0.0719) <0.0001) <0.0001)
Sociabilit 15.1 (0.42; 14.5 (041; 0.63 (0.29; 12.8 (0.84; 11 (0.74; 1.82 (0.99; —2.27(0.77, —3.46 (0.65;
Y 14.29-15.9)  13.67-15.3) 0.0329) 11.19-14.5) 9.58-12.5) 0.0663) 0.0032) <0.0001)
Cognitive 16.5 (0.36; 16.5 (0.35; —0.04 (0.25; 14.2 (0.72; 12.6 (0.63; 1.58 (0.85; —2.26 (0.66;, —3.89 (0.56;
Awareness 15.7-17.2) 15.8-17.2) 0.8737) 12.8-15.6) 11.4-13.8) 0.0631) 0.0006) <0.0001)
Health 23.1 (0.66; 21.5 (0.66; 1.63 (0.46; 21.3 (1.3; 20.3 (1.14; 1.05 (1.52; —1.78 (1.18; —1.19(0.99;
21.8-24.4) 20.2-22.8) 0.0004) 18.8-23.9) 18-22.5) 0.4898) 0.1308) 0.2296)

On the sociability subscale, high TV users improved over the 36-month period by
2.27 points (SE = 0.77, p = 0.0032) compared to 3.46 points (SE = 0.65, p < 0.0001) improve-
ment in low TV users, Figure 1C, Table S3. The difference in high TV users relative to low
TV users at month 36 was not statistically significant: 1.82 points (SE = 0.99, p = 0.0663).

On the cognitive awareness subscale, high TV users improved over the 36-month
period by 2.26 points (SE = 0.66, p = 0.0006) compared to 3.89 points (SE = 0.56, p < 0.0001)
improvement in low TV users, Figure 1D, Table S4. The difference in high TV users
relative to low TV users at month 36 was not statistically significant: 1.58 points (SE = 0.85,
p = 0.0631).

On the health subscale, high TV users improved over the 36-month period by 1.78 points
(SE = 1.18, p = 0.1308) compared to 1.19 points (SE = 0.99, p = 0.2296) improvement in low
TV users, Figure 1E, Table S5. The difference in high TV users relative to low TV users at
month 36 was not statistically significant: 1.05 points (SE = 1.52, p = 0.4898).

4. Discussion

The effect of watching videos and television is a subject of controversy for children
with Autism Spectrum Disorder (ASD). Some investigators uphold the benefits of video
and television learning for ASD children [30], while others urge caretakers to consider the
potential negative effects of screen exposure observed in neurotypical children [1]. In the
past, videos and television were heralded as beneficial for children with ASD due to the
related increase in vocabulary in some children [11]. However, the effect of videos and
television on complex language comprehension has never been investigated.

In order to evaluate complex language comprehension in children with ASD, our study
provided parents with a questionnaire called MSEC. MSEC is composed of 20 language
comprehension items that steadily increase in difficulty. The items evaluate comprehension
of simple and compound modifiers (such as color and size), spatial prepositions, possessive
pronouns, verb tense, and semantically reversible sentences. Another aspect of MSEC
focuses on fairytale comprehension. As fairytales require the listener to imagine unrealistic
situations, they are a good indicator of complex language comprehension.

In addition to MSEC, parents completed the Autism Treatment Evaluation Checklist
(ATEC) [16], which reports a score over four orthogonal subscales: expressive language,
sociability, cognitive awareness, and health. Parents used MSEC and ATEC to assess the
development of 3227 children quarterly for up to three years, making this the largest and
the longest study of the effect of video and television watching on children with ASD
to date. Children in the high-TV-watching-duration quartile (high TV users) watched
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videos and television for 2 or more hours per day. Children in the low-TV-watching-
duration quartile (low TV users) watched videos and television for 40 min or less per day.
No significant effect of video and television watching duration on sociability, cognition,
or health was detected. High TV users demonstrated 1.3 times faster development of
expressive language, although the difference between high TV and low TV users was not
statistically significant at month 36 (the difference was statistically significant at months
21, 27, and 30). The greatest difference was found in the MSEC scale. Low TV users
demonstrated significantly greater development of receptive language. The difference
between high TV and low TV users was statistically significant in all evaluations completed
during the 2nd half of the study (months 21, 24, 27, 30, 33, and 36). On an annualized
basis, low TV users improved their receptive language 1.4 times faster than high TV users
(Figure 1; low TV users = 2.7 points/year; high TV users = 2.0 points/year). The apparent
difference in developmental trajectories suggests that excessive watching of videos and
television can diminish the ability of young ASD children to reach their full potential in
regard to complex language comprehension.

The video and television duration assessment question read “How much time does
your child spend watching any videos? (YouTube, TV) (each day)” and clearly excluded
educational apps. The parent-submitted evaluation included two other questions about
educational apps that preceded the TV duration question: “How much time does your
child spend using any educational apps under adult supervision? (each day)” and “How
much time does your child spend using any educational apps on his own? (each day)”.
Analysis of educational app use duration showed no difference between the high- and
low-use quartiles in receptive language, expressive language, sociability, and cognitive
awareness (data not shown). Thus, our results show that only passive video and television
watching impede acquisition of complex language comprehension, confirming the common
adage that “all screen time is not created equal”.

4.1. Limitations

The observational design of this study cannot definitively prove causality, since
unknown confounders may influence the study results. However, the golden standard
for testing causation—a randomized controlled trial (RCT)—is not feasible due to obvious
ethical concerns. One popular and increasingly common alternative to RCT is called the
propensity score analysis [28]. The propensity score analysis is used to identify comparable
individuals in observational study cohorts [31,32]. This study utilized the propensity
score analysis to match high TV participants to low TV participants based on age, gender,
expressive language, receptive language, sociability, cognitive awareness, and health score
at the 1st evaluation (baseline).

The data used in this study were collected from parents using a language therapy
app. The fact that parents supplemented their children’s language therapy with additional
exercises provided by the language therapy app over several years argues for significant
self-motivation and attention to their children’s language therapy. In less motivated
families, the effect of videos and television can be even greater.

Socioeconomic status data were not collected. However, if the socioeconomic status
was the factor generating the improvement in the receptive language score in the low
TV users, then we would expect a similar improvement in the expressive language score.
Conversely, expressive language developed better in the high TV users. This dissociation
between receptive and expressive language trajectories suggests that rather than being
an effect of socioeconomic status, passive video and television watching itself reduced
children’s complex language comprehension. By spending significant time passively
watching videos and television, children were most likely deprived of the active top-down
mental stimulation provided by fairy tales and complex recursive conversations with their
caregivers, which are known to be important in language acquisition [33].

A similar argument can be used to reject the language-therapy-duration confounder.
If low TV users received a greater duration of language therapy, they would be expected to
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display greater improvement on both the receptive and expressive language subscales. The
dissociation of the receptive and expressive language trajectories makes the language ther-
apy confounding highly unlikely. Furthermore, adding the duration of language therapy
as a covariate to the Linear Mixed Effect Model with Repeated Measures demonstrated
that the duration of language therapy covariate was not statistically significant in either the
receptive language subscale (p = 0.5366) or the expressive language subscale (p = 0.4708).

An evaluation bias confounder can also be rejected. If one group of parents was more
likely to rate their children as improving, they would be expected to consistently rate their
children as improving across all subscales. The dissociation of the receptive and expressive
language trajectories makes evaluation bias an unlikely explanation. In addition, there was
little difference between high and low TV users’ trajectories on the sociability, cognitive
awareness, or health subscales, making an evaluation bias even less likely.

4.2. Clinical Significance

The 2.58 point difference in receptive language observed between the low TV users
and high TV users at the end of the study is clinically significant. At the average level of
this study cohort (MSEC score = 22), the two-point disparity corresponds to the difference
between a child understanding or not understanding spatial prepositions (i.e., parents
answering ‘true’ or ‘not true’” on the question 10 of MSEC; every MSEC question is worth
two points). The complete question 10 of MSEC reads: “Understands spatial prepositions
(i.e., put the apple ON TOP of the box vs. INSIDE the box vs. BEHIND the box).” Naturally,
understanding spatial prepositions at age 5 sets children on a different developmental
trajectory compared to children who do not understand spatial prepositions.

Conversely, the —1.26 point difference in expressive language observed between the
low TV users and high TV users at the end of the study is likely not clinically significant.
At the average level of this study cohort (ATEC language subscale score = 12), the 1-point
disparity corresponds to parents answering ‘not true’ or ‘somewhat true’ on the question 12:
“Can use sentences with 4 or more words.” It is possible that the small gain in expressive
language observed in high TV users is not functional, but merely imitative.

4.3. Implications

The process of combining and recombining novel mental images at will (prefrontal
synthesis or PFS) is an essential mechanism of receptive language, necessary for under-
standing of spatial prepositions, semantically reversible sentences, and complex recursive
language [13,14]. In many ways, combinatorial control of visuospatial mental objects by
the prefrontal cortex is analogous to control of skeletal muscle movement by the motor
cortex. In fact, PFS can be viewed as the evolutionary internalization of muscle movement.

The analogy between PFS and muscle movement extends to their development. Just
like it is impossible to acquire muscle control from the passive watching of sports programs,
it is equally impossible to develop PFS from the passive watching of cartoons and fairytales.
Acquisition of fine motor control in children is an experience-dependent process; the
experience is provided by the physical movement of muscles. Acquisition of PFS is also an
experience-dependent process; the experience is primarily driven by the use of recursive
language: through normal conversations, storytelling (internal or external), and reading
fairy tales that require children to imagine unrealistic situations. Children who experience
fewer conversations show a significant reduction of frontoposterior fiber tracts mediating
PFS [33], and a complete lack of recursive conversations (in feral children and deaf linguistic
isolates) is associated with lifelong PFS paralysis [34].

The results of this study complement existing evidence in neurotypical children:
passive video and television watching does not develop PFS. Critically, passive video and
television watching may be particularly detrimental for young children with ASD who
may have a shorter critical period for PFS acquisition [35,36].
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5. Conclusions

To our knowledge, this is the first comprehensive evaluation of video and television
effect on both receptive and expressive language acquisition in children with ASD. This is
also the largest and the longest study of the effect of video and television watching on the
development of children with ASD. The study confirmed the previously reported positive
effect of videos and television on expressive language but also revealed the previously
unstudied negative effect of videos and television on children with ASD. After rejecting
socioeconomic factors, language therapy duration, and evaluation bias confounders, our
analysis led us to conclude that passive video and television watching itself impedes com-
plex language comprehension in children with ASD. While our research shows significant
language acquisition differences among children aged 2 to 5 years, future studies should
assess the effect of videos and television on older and younger children, as well as children
who are higher and lower on the autism spectrum.

In studying the effect of videos and television on language acquisition, we established
a new epidemiological approach: in-app evaluation. In-app evaluation has proven to be an
excellent way to study the longitudinal effect of different therapies in a large population of
children. We anticipate its rise to prominence in the scientific and medical communities in
the coming years due to its accessibility and ease of use.

Finally, the dissociation of the receptive and expressive language score trajectories
shows the fallacy of defining language development only in terms of vocabulary (expressive
language) but suggests the need for comprehensive language examination that includes
complex receptive language [15].

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/healthcare9040423 /51, Table S1: LS Means over visits for Receptive Language MSEC subscale
score; Table S2: LS Means for Expressive Language measured by the Subscale 1 of ATEC; Table S3:
LS Means for Sociability subscale score measured by the Subscale 2 of ATEC; Table S4: LS Means for
the Sensory/Cognitive Awareness subscale score measured by the Subscale 3 of ATEC; Table S5: LS
Means for Health/Physical/Behavior subscale score measured by the Subscale 4 of ATEC.

Author Contributions: Conceptualization, A.V. and E.K.; methodology, A.V. and E.K.; software, A.V.
and E.K,; validation, A.V. and E.K.; formal analysis, A.V.; investigation, A.V. and E.F,; resources, A.V.;
data curation, A.V.; writing original draft preparation, E.F. and A.V.; writing—review and editing,
E.F. and A.V,; visualization, A.V,; supervision, A.V.; project administration, A.V.; funding acquisition,
A.V. and E.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We wish to thank Petr Ilyinskii for his scrupulous editing of this manuscript.

Conflicts of Interest: A.V. and E.K. are partners in ImagiRation limited liability partnership, the
developer of the language app used in this study. The authors declare no conflict of interest.

1.  Chonchaiya, W.; Pruksananonda, C. Television viewing associates with delayed language development. Acta Paediatr. 2008, 97,
977-982. [CrossRef] [PubMed]

2. Madigan, S.; Browne, D.; Racine, N.; Mori, C.; Tough, S. Association between screen time and children’s performance on a
developmental screening test. JAMA Pediatr. 2019, 173, 244-250. [CrossRef]

3.  Zimmerman, EJ.; Christakis, D.A.; Meltzoff, A.N. Associations between media viewing and language development in children
under age 2 years. |. Pediatr. 2007, 151, 364-368. [CrossRef] [PubMed]

4. Byeon, H.; Hong, S. Relationship between television viewing and language delay in toddlers: Evidence from a Korea national
cross-sectional survey. PLoS ONE 2015, 10, 0120663. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/healthcare9040423/s1
https://www.mdpi.com/article/10.3390/healthcare9040423/s1
http://doi.org/10.1111/j.1651-2227.2008.00831.x
http://www.ncbi.nlm.nih.gov/pubmed/18460044
http://doi.org/10.1001/jamapediatrics.2018.5056
http://doi.org/10.1016/j.jpeds.2007.04.071
http://www.ncbi.nlm.nih.gov/pubmed/17889070
http://doi.org/10.1371/journal.pone.0120663
http://www.ncbi.nlm.nih.gov/pubmed/25785449

Healthcare 2021, 9, 423 11 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Lillard, A.S.; Peterson, J. The immediate impact of different types of television on young children’s executive function. Pediatrics
2011, 128, 644-649. [CrossRef] [PubMed]

Lillard, A.S.; Li, H.; Boguszewski, K. Television and children’s executive function. In Advances in Child Development and Behavior;
Elsevier: Amsterdam, The Netherlands, 2015; Volume 48, pp. 219-248.

Twenge, ].M.; Campbell, W.K. Associations between screen time and lower psychological well-being among children and
adolescents: Evidence from a population-based study. Prev. Med. Rep. 2018, 12, 271-283. [CrossRef] [PubMed]

Rideout, V,; Saphir, M.; Tsang, V.; Bozdech, B. Zero to Eight: Children’s Media Use in America; Common Sense Media: San Francisco,
CA, USA, 2013.

Lin, L.-Y,; Cherng, R.-J.; Chen, Y.-J.; Chen, Y.-].; Yang, H.-M. Effects of television exposure on developmental skills among young
children. Infant Behav. Dev. 2015, 38, 20-26. [CrossRef]

American Academy of Pediatrics Media and Children Communication Toolkit. Available online: http:/ /www.aap.org/en-us/
advocacy-and-policy /aap-health-initiatives /Pages /Media-and-Children.aspx (accessed on 14 December 2020).

Kissine, M.; Luffin, X.; Aiad, F.; Bourourou, R; Deliens, G.; Gaddour, N. Noncolloquial Arabic in Tunisian children with autism
spectrum disorder: A possible instance of language acquisition in a noninteractive context. Lang. Learn. 2019, 69, 44-70. [CrossRef]
Corbett, B.A.; Abdullah, M. Video modeling: Why does it work for children with autism? J. Early Intensive Behav. Interv. 2005, 2, 2.
[CrossRef]

Vyshedskiy, A. Neuroscience of imagination and implications for hominin evolution. J. Curr. Neurobiol. 2019, 10, 89-109.
Vyshedskiy, A.; Khokhlovich, E.; Dunn, R.; Faisman, A.; Elgart, J.; Lokshina, L.; Gankin, Y.; Ostrovsky, S.; deTorres, L.; Edelson,
S.M. Novel prefrontal synthesis intervention improves language in children with autism. Healthcare 2020, 8, 566. [CrossRef]
[PubMed]

Vyshedskiy, A.; DuBois, M.; Mugford, E.; Piryatinsky, I.; Radi, K.; Braverman, J.; Maslova, V. Novel Linguistic Evaluation of
Prefrontal Synthesis (LEPS) test measures prefrontal synthesis acquisition in neurotypical children and predicts high-functioning
versus low-functioning class assignment in individuals with autism. Appl. Neuropsychol. Child 2020. [CrossRef]

Rimland, B.; Edelson, S. Autism Treatment Evaluation Checklist; Autism Research Institute, 1999; Available online: https://www.
autism.org/autism-treatment-evaluation-checklist/ (accessed on 2 April 2021).

Braverman, J.; Dunn, R.; Vyshedskiy, A. Development of the Mental Synthesis Evaluation Checklist (MSEC): A Parent-Report
Tool for Mental Synthesis Ability Assessment in Children with Language Delay. Children 2018, 5, 62. [CrossRef]

Mahapatra, S.; Vyshedsky, D.; Martinez, S.; Kannel, B.; Braverman, J.; Edelson, S.M.; Vyshedskiy, A. Autism Treatment Evaluation
Checklist (ATEC) norms: A “growth chart” for ATEC score changes as a function of age. Children 2018, 5, 25. [CrossRef]
Mahapatra, S.; Khokhlovich, E.; Martinez, S.; Kannel, B.; Edelson, S.M.; Vyshedskiy, A. Longitudinal Epidemiological Study
of Autism Subgroups Using Autism Treatment Evaluation Checklist (ATEC) Score. |. Autism Dev. Disord. 2020, 50, 1497-1508.
[CrossRef]

Lord, C,; Risi, S.; Lambrecht, L.; Cook, E.H.; Leventhal, B.L.; DiLavore, P.C.; Pickles, A.; Rutter, M. The Autism Diagnostic
Observation Schedule—Generic: A standard measure of social and communication deficits associated with the spectrum of
autism. J. Autism Dev. Disord. 2000, 30, 205-223. [CrossRef]

Al Backer, N.B. Correlation between Autism Treatment Evaluation Checklist (ATEC) and Childhood Autism Rating Scale (CARS)
in the evaluation of autism spectrum disorder. Sudan. J. Paediatr. 2016, 16, 17-22. [PubMed]

Geier, D.A.; Kern, ] K.; Geier, M.R. A comparison of the Autism Treatment Evaluation Checklist (ATEC) and the Childhood
Autism Rating Scale (CARS) for the quantitative evaluation of autism. J. Ment. Health Res. Intellect. Disabil. 2013, 6, 255-267.
[CrossRef] [PubMed]

Jarusiewicz, B. Efficacy of Neurofeedback for Children in the Autistic Spectrum: A Pilot Study. J. Neurother. 2002, 6, 39-49.
[CrossRef]

Charman, T.; Howlin, P; Berry, B.; Prince, E. Measuring developmental progress of children with autism spectrum disorder on
school entry using parent report. Autism 2004, 8, 89-100. [CrossRef] [PubMed]

Klaveness, J.; Bigam, J.; Reichelt, K.L. The varied rate of response to dietary intervention in autistic children. Open J. Psychiatry
2013, 3, 56. [CrossRef]

Magiati, I.; Moss, J.; Yates, R.; Charman, T.; Howlin, P. Is the Autism Treatment Evaluation Checklist a useful tool for monitoring
progress in children with autism spectrum disorders? J. Intellect. Disabil. Res. 2011, 55, 302-312. [CrossRef] [PubMed]
Whitehouse, A.J.; Granich, J.; Alvares, G.; Busacca, M.; Cooper, M.N.; Dass, A.; Duong, T.; Harper, R.; Marshall, W.; Richdale,
A.; et al. A randomised controlled trial of an iPad-based application to complement early behavioural intervention in Autism
Spectrum Disorder. J. Child Psychol. Psychiatry 2017, 58, 1042-1052. [CrossRef]

Schneider, B.; Carnoy, M.; Kilpatrick, J.; Schmidt, W.H.; Shavelson, R.J. Estimating Causal Effects Using Experimental and Observational
Design; American Educational & Reseach Association: Washington, DC, USA, 2007.

Association, W.M. World Medical Association Declaration of Helsinki: Ethical principles for medical research involving human
subjects. JAMA 2013, 310, 2191-2194.

Charlop-Christy, M.H.; Daneshvar, S. Using video modeling to teach perspective taking to children with autism. J. Posit. Behav.
Interv. 2003, 5, 12-21. [CrossRef]


http://doi.org/10.1542/peds.2010-1919
http://www.ncbi.nlm.nih.gov/pubmed/21911349
http://doi.org/10.1016/j.pmedr.2018.10.003
http://www.ncbi.nlm.nih.gov/pubmed/30406005
http://doi.org/10.1016/j.infbeh.2014.12.005
http://www.aap.org/en-us/advocacy-and-policy/aap-health-initiatives/Pages/Media-and-Children.aspx
http://www.aap.org/en-us/advocacy-and-policy/aap-health-initiatives/Pages/Media-and-Children.aspx
http://doi.org/10.1111/lang.12312
http://doi.org/10.1037/h0100294
http://doi.org/10.3390/healthcare8040566
http://www.ncbi.nlm.nih.gov/pubmed/33339269
http://doi.org/10.1080/21622965.2020.1758700
https://www.autism.org/autism-treatment-evaluation-checklist/
https://www.autism.org/autism-treatment-evaluation-checklist/
http://doi.org/10.3390/children5050062
http://doi.org/10.3390/children5020025
http://doi.org/10.1007/s10803-018-3699-2
http://doi.org/10.1023/A:1005592401947
http://www.ncbi.nlm.nih.gov/pubmed/27651549
http://doi.org/10.1080/19315864.2012.681340
http://www.ncbi.nlm.nih.gov/pubmed/23914277
http://doi.org/10.1300/J184v06n04_05
http://doi.org/10.1177/1362361304040641
http://www.ncbi.nlm.nih.gov/pubmed/15070549
http://doi.org/10.4236/ojpsych.2013.32A009
http://doi.org/10.1111/j.1365-2788.2010.01359.x
http://www.ncbi.nlm.nih.gov/pubmed/21199043
http://doi.org/10.1111/jcpp.12752
http://doi.org/10.1177/10983007030050010101

Healthcare 2021, 9, 423 12 of 12

31.

32.

33.

34.

35.

36.

Stukel, T.A ; Fisher, E.S.; Wennberg, D.E.; Alter, D.A.; Gottlieb, D.J.; Vermeulen, M.]. Analysis of observational studies in the
presence of treatment selection bias: Effects of invasive cardiac management on AMI survival using propensity score and
instrumental variable methods. JAMA 2007, 297, 278-285. [CrossRef]

Adelson, J.L. Educational research with real-world data: Reducing selection bias with propensity score analysis. Pract. Assess.
Res. Eval. 2013, 18, 15.

Romeo, R.R,; Segaran, J.; Leonard, J.A.; Robinson, S.T.; West, M.R.; Mackey, A.P,; Yendiki, A.; Rowe, M.L.; Gabrieli, ].D. Language
exposure relates to structural neural connectivity in childhood. J. Neurosci. 2018, 38, 7870-7877. [CrossRef] [PubMed]
Vyshedskiy, A.; Mahapatra, S.; Dunn, R. Linguistically deprived children: Meta-analysis of published research underlines the
importance of early syntactic language use for normal brain development. Res. Ideas Outcomes 2017. [CrossRef]

Liu, X,; Han, D.; Somel, M,; Jiang, X.; Hu, H.; Guijarro, P.; Zhang, N.; Mitchell, A.; Halene, T.; Ely, ].].; et al. Disruption of an
evolutionarily novel synaptic expression pattern in autism. PLoS Biol. 2016, 14, e1002558. [CrossRef] [PubMed]

Vyshedskiy, A. Imagination in Autism: A Chance to Improve Early Language Therapy. Healthcare 2021, 9, 63. [CrossRef] [PubMed]


http://doi.org/10.1001/jama.297.3.278
http://doi.org/10.1523/JNEUROSCI.0484-18.2018
http://www.ncbi.nlm.nih.gov/pubmed/30104336
http://doi.org/10.3897/rio.3.e20696
http://doi.org/10.1371/journal.pbio.1002558
http://www.ncbi.nlm.nih.gov/pubmed/27685936
http://doi.org/10.3390/healthcare9010063
http://www.ncbi.nlm.nih.gov/pubmed/33440627

	Introduction 
	Methods 
	Participants 
	Inclusion Criteria 
	Exclusion Criteria 
	Evaluations 
	Expressive Language Assessment 
	Receptive Language Assessment 
	Video and Television Watching Time Assessment 
	Statistical Analysis 
	Informed Consent 
	Compliance with Ethical Standards 
	Data Availability 
	Code Availability Statement 

	Results 
	Discussion 
	Limitations 
	Clinical Significance 
	Implications 

	Conclusions 
	References

