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ARTICLE INFO ABSTRACT

Over the last few decades there has been a significant worldwide increase in the diagnosis of autism spectrum
disorder (ASD), the causes of which are unknown. The biggest environmental change over this decade has been
the massive introduction of cellphones. Eye contact is fundamental for infants' development, and parent-infant
eye contact is impaired when parents are pre occupied by cellphones. We speculate that children with a pre-
existing vulnerability to autism may be adversely affected by this pattern of parental behavior.

As a first step toward exploring our hypothesis, we wished to document the extent of cellular phone usage by
parents during their child's diagnostic developmental assessment. We speculated that, if under these stressful
circumstances of awaiting their child's crucial assessment the parent is not fully engaged with his/her child, then
in real daily activities this phenomenon is likely much more pronounced.

Of 111 developmental sessions, 73 parents (66%) engaged their phone during the assessment, between 1 and
20 times. Of 62 observations in the waiting room, 52 (83.9%) parents used their phone, 1-19 times. Nine parents
(17.3%) used their phone for 10-50% of the time and 16 (30.8%) for more than 50% of the time in the waiting
room. In our analysis, the rate of language/motor delays was twice more common among children of cell phone
users than among non users (p = 0.04) as an initial support of our hypothesis.

Parents' focus and full attention toward their cellphones can adversely affect the development of joint at-
tention in infants and may contribute to the development of autistic features among a vulnerable subgroup of
infants. While more research is needed to prove causation, it would be reasonable to advise parents to decrease
to minimum the usage of cellphones when interacting with their young children.

Keywords:

Cellular phone

Autism spectrum disorder
Joint attention

Social development

Introduction

Over the last few decades there has been a significant worldwide
increase in the diagnosis of autism spectrum disorder (ASD), with
numbers rising from 2 to 6/10,000 prior to the 1990s, to current esti-
mates of up to 260/10,000 or 2.6% [1]. Presently, the cause of this
dramatic increase in ASD diagnosis has not been identified. Any at-
tempt to confront this significant increase in ASD prevalence must first
identify its' causes.

One of the most noticeable environmental changes in the last few
decades, almost in tandem with the rise in ASD prevalence, has been the
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massive introduction of cellular phones.
The hypothesis

Normal eye contact is a fundamental element of joint attention
which involves the capacity to coordinate one’s own visual attention
with that of another person [2]. The emergence of infant's joint atten-
tion is critical for the development of language and communication [3].
Atypical development of joint attention is strongly indicative of autism
spectrum disorder (ASD) [4].

Over the last few decades there has been a dramatic worldwide
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increase in ASD diagnosis. Presently, the cause of this phenomenon has
not been identified

We hypothesize that a critical environmental change concurring
with ASD increase has been the massive introduction of cellular phones.
This has led to major parents' distraction, starting during the baby's first
days of life. By diminishing their eye contact, parents miss emerging
cues sent by the baby in an attempt to establish reciprocal relationships.
We surmise that this impairs the development of joint attention be-
tween babies and their care givers in a critical developmental stage,
leading a subgroup of vulnerable babies to be adversely affected and
develop autistic features, and possibly other developmental delays.

Evaluation of the hypothesis

While there is increasing research activity trying to identify the
genetic basis of ASD, it is extremely unlikely that major genetic changes
can account for the steep increase in ASD over the last 2 decades. This
shifts attention toward putative environmental changes that may ex-
plain the increased prevalence of ASD. A recent systematic review and
meta-analysis of environmental risk factors for ASD has summarized the
published evidence supporting environmental etiologies for ASD [5].
There are several environmental factors etiologically associated with
ASD that have increased in their prevalence over the last two decades. It
is plausible that their cumulative effect is an important determinant in
the increased prevalence of ASD. These include maternal obesity, ma-
ternal diabetes, prematurity and parents' age [5]. Exposure to toxins has
been also reported to correlate with ASD diagnosis [6]. Broader diag-
nostic criteria, diagnosis substitution and an increase in awareness have
been proposed to influence prevalence as well [1]

Eye contact is fundamental for infants' development. Eye contact is
developed from birth [7], and throughout their first month infants start
to become more visually alert, fixate momentarily on faces and objects,
and move their eyes vertically. Eye contact represents the main mode of
establishing a communicative relation among people [8-10]. Farroni
et al. [7] reported that from birth, infants prefer to look at faces that
engage them in a mutual gaze and that, from an early age, this con-
tributes to the foundation for the later development of social skills.
Newborns show sensitivity to eye gaze, looking longer at faces with
open eyes rather than those with closed eyes, as well as at a direct gaze
as opposed to an averted gaze [11]. The authors emphasized the im-
portance of the eyes and gaze in all aspects of face processing and visual
social cognition, including identity and emotion recognition.

A study by Jones and Klin has shown that eye fixation may appear to
be normal at the neonatal period, but shows a marked decline by 2 to
6 months of age in those who develop ASD [12]. These observations
suggest that in the first months of life, this basic mechanism of social
adaptive action, eye looking, might not be immediately diminished in
infants later diagnosed with ASD.

Empirical data

As a first step toward exploring our hypothesis, we wished to
document the extent of cellular phone usage by parents during their
child's diagnostic developmental assessment. We speculated that, if
under these stressful circumstances of awaiting their child's crucial
assessment the parent is not fully engaged with his/her child, then in
real daily activities this phenomenon is likely much more pronounced.

Methods

The research was conducted according to the principles of the
Declaration of Helsinki, and written informed consent was obtained
from the parents after approval by Assuta Hospital Research Ethics
Committee.
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Settings

Developmental assessments were performed in two clinics, by two
physicians, experts in child neurology and development (MD, NA). The
duration of a typical evaluation lasts around one hour. During the
meeting, the neurologist speaks with the parents, discusses their con-
cerns and receives the child and family’s medical and developmental
history. Then, he/she performs a developmental assessment and phy-
sical and neurological examination. Afterwards the parents are asked by
the physician (MD) to wait in the waiting room for approximately
10 min, while the physician summarizes the evaluation, subsequently
discussing the results with the parents. The second neurologist (NA)
gives the parents her primary impression at the end of the evaluation,
and summarizes it after the parents have left the clinic (no waiting
room observation).

Observations

The parents received an explanation regarding the study by the
authors (MD, NA) that NG or MS will attend the meeting and observe
parent-child interaction. With Ethics approval, parents were not in-
formed of the real purpose of the study, to avoid affecting their beha-
vior. The observers recorded how many times the parents looked at
their phone, how many times they actually used it (answered a call or a
message) and the duration of each phone engagement, using the app
“Stop-Watch”. The observations were conducted during the assessment
and while the parents and their children were waiting in the waiting
room. We did not film the sessions in order to avoid any change in
parental behavior when in the presence of a camera.

Statistical analysis
Chi square test was used to compare proportions of cellphone use by
diagnosis.

Results

114 parents agreed to allow the researchers to observe the medical
developmental assessment (none refused). Three did not have cellular
phones with them during the sessions.

Of 111 assessments, 73 parents (66%) made contact with their
cellular phones. The rest were assigned to a separate group. It should be
noted that, in three of these cases with no parental phone engagement,
their children were using the phone during part of the assessment. All
parents that were using the cellphones during the developmental as-
sessments were visually engaged (looking at messages and or answering
them.

Parents were engaged with their cellular phones from 1s up to
9min and 2s, with a mean of 1.1 min. The average number of times
parents were engaged with their phones during the assessment was 4.1
times ranging 1-20,

The percentage time parents spent on their phone during the as-
sessments is summarized in Table 1. 15% of the parents were engaged
with their phone for more than 5% of the assessment time.

63 observations of children (51 boys {81%}) and their parents were
performed in the waiting area outside the assessment room. In one case,
the parents did not have their phones with them and therefore are not

Table 1
Parental percentage of time of smartphone usage out of total assessment
duration and total time spent in the waiting room.

% of time used on smartphone 1% or less  1-10% Above 10%
Number of assessments (N = 73) 46 (63%) 22 (30.1%) 5 (6.9%)
Number of observations In the waiting 13 (25%) 14 (26.9%) 25 (48.1%)

room(N = 52)

* 16 parents (30.8%) spent with the phones more than 50% of the time while
waiting.
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Table 2
Developmental Outcomes in relation to Cellular Phone Usage.
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Group Boys Assessed Mean child's age at Language and/or Motor ASD ADHD Congenital Disorders (Prematurity, genetic and
N (%) assessment Delays N (%) N (%) anomalies)
(months) N (%) N (%)
Engaged with phone n =73 62 (85%) 49.7 42 (57.5) 10 (13.7) 10 (13.7) 7 (9.5)
Not engaged with phone 24 (63%) 42.6 11 (29) 3(7.9) 7 (18.4) 14 (19.2)

n = 38

The table shows that level of engagement in cellphone use was significantly higher among parents of children language/motor delay than among congenital

condition.
Diagnosis given after the neurodevelopmental assessments.

ASD - Autism Spectrum Disorder, ADHD — Attention Deficit Hyperactivity Disorder.

% P =0.04.
#x% P < 0,001

* Please note that the total N also includes other reasons for assessment: behavior problems (N = 2), and typical development (N = 5).

included in the following results. The average time parents spent in the
waiting room was 8 min and 15s. Of the 62 parents with phones, 10
(16%) did not use them at all. The average number of times parents
were engaged with their phone was 4.3 times, with a maximum of 19
times and a minimum of one time. The percentage of time parents used
their phone while in the waiting room is presented in Table 1. Of the
total of 62 observations, 25 parents (48%) used their phone for 10% or
more of the time in the waiting room.

Significantly more parents of children with language and/or motor
delays used their phones during the assessments (p = 0.04) (Table 2).
Parents of children with “congenital” disorders (preterms, congenital
anomalies and genetic abnormalities) used their phone significantly less
(p < 0.001)(Table 2).

Discussion

A dramatic increase in the prevalence of autism has occurred over
the past 20 years. Establishing broader diagnostic criteria, diagnosis
substitution and an increase in awareness could explain only part of this
major increase [1].

Since the increased prevalence of autism is well documented
worldwide, we propose “social pollution” through cellular phone usage
by parents as a previously unrecognized etiological factor. As a first step
toward further exploring this hypothesis, it was critical to document the
pervasive use of cellular phone.

We documented that more than 65% of parents use their cellular
phones during their children's developmental assessments. One third of
the parents used their phone more than 50% of the time while waiting
with their child in the waiting area. These parents agreed to be ob-
served on “parent-child interaction” but this notion did not prevent
them from using their phones extensively. To date, on many occasions,
one can observe mothers sending electronic messages or conducting
phone conversations while nursing their babies, or while walking their
infants in their strollers. Recent figures have shown that today's adult
daily digital media usage and consumption has reached an average of
5.6h [13]. The urge to use phones has become almost uncontrollable
and often unconscious. During phone usage, parent's eyes are directed
with full attention toward the phone. One of the core symptoms of
autism is diminished eye contact and it is used in both screening and
diagnosis [14,15]. Parents' mobile device use was common and asso-
ciated with fewer interactions with children during a structured inter-
action task, particularly nonverbal interactions and during introduction
of an unfamiliar food[16] . Parents’ background television use de-
creased the quantity and quality of parent-child interactions [[17].
High screen time in children (TV and computers), with its detrimental
health effects, is an established major public health concern [18].
Multiple studies have already tried to shed light on the potential in-
fluences of screen time on child development and health [19-22], as
well as the relation between parents' own screen time and their
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adherence to the recommended sub-2h/day TV viewing or computer
use for children [23]. Furthermore, studies have shown an association
between ASD and increased TV screen exposure during infancy, sug-
gesting audiovisual (AV) exposure in infancy as a possible contributing
factor in ASD [24,25]. In one study, the researchers proposed a devel-
opmental model of ASD in which, through a process of neuroplasticity,
exposure to screen-based AV input in genetically susceptible infants
stimulates specialization of non-social sensory processing in the brain
[26].

Our hypothesis focuses on the parents' engagement with their cell-
phones and its possible influence on the development and quality of
joint attention. The infants screen viewing potentially add to the
harmful influence of their parents' frequent distraction by the cell-
phones.

In the present study, significantly more parents of children with
language and motor delays used their phones during the assessments,
(p = 0.04) (Table 2). A similar trend was seen for the subgroup of
children with ASD, however, due to its limited sample size, it did not
reach statistical difference. The parents of children with congenital
disorders could be served as a control group, and they used their cel-
lular phone significantly less (p < 0.001) (Table 2).

Twelve months old infants typically respond to joint attention and
18-months initiation of joint attention predicts 24-months language
abilities [16]. Social behaviors follow sequential emergence of eye gaze
following, responding to joint attention request, and then to social
manipulation, cooperative communication, group activity into colla-
boration, and social learning into instructed learning [27,28]. FMRI
studies have recently established the neuronal network of initiation of
joint attention, between the visual network and dorsal attention net-
work, and between the visual network and posterior cingulate aspects
of the default mode network [27].

Evidently, parents' eyes shifting toward their phones interrupt the
cascade of joint attention. Repeated such interruptions can interfere
with the development of joint attention in infants. We speculate that
young children with a pre-existing vulnerability to ASD would be ad-
versely affected by this pattern of parental behavior, leading them to
develop ASD symptoms, whereas other children may be able to over-
come it.

Our preliminary work is not specific enough to separate language
from communication disorders. More research is needed to further ex-
plore this hypothesis, including the duration and quality of parents' eye
contact during the time spent with their children. it is important to
acknowledge that parental use of cellular phones does not render any
benefits to an infant's development, while it may adversely affect the
development of joint attention. While more research is being con-
ducted, it would be reasonable to advise parents to decrease to
minimum the usage of cellular phones when interacting with their
young children.



M. Davidovitch et al.

Acknowledgement
The authors thank Lior Ganor for editing the manuscript.
Disclosure

Three authors are currently employees of the Health Maintenance
Organization, no other conflict of interest.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in the
online version, at https://doi.org/10.1016/j.mehy.2018.06.007.

References

[1] May T, Sciberras E, Brignell A, Williams K. Autism spectrum disorder: updated
prevalence and comparison of two birth cohorts in a nationally representative
Australian sample. BMJ Open 2017;7(5):e015549.

[2] Mundy P, Jarrold W. Infant joint attention, neural networks and social cognition.
Neural Networks 2010;23(8-9):985-97.

[3] Bottema-Beutel K. Associations between joint attention and language in autism
spectrum disorder and typical development: a systematic review and meta-regres-
sion analysis. Autism Res 2016;9(10):1021-35.

[4] Bruinsma Y, Koegel RL, Koegel LK. Joint attention and children with autism: a re-
view of the literature. Ment Retard Dev Disabil Res Rev 2004;10(3):169-75.

[5] Modabbernia A, Velthorst E, Reichenberg A. Environmental risk factors for autism:
an evidence-based review of systematic reviews and meta-analyses. Mol Autism
2017;8(1):13.

[6] Lam J, Sutton P, Kalkbrenner A, Windham G, Halladay A, Koustas E, Lawler C,

Davidson L, Daniels N, Newschaffer C, Woodruff T. A systematic review and meta-

analysis of multiple airborne pollutants and autism spectrum disorder. PLoS One

2016;11(9).

Farroni T, Csibra G, Simion F, Johnson MH. Eye contact detection in humans from

birth. Proc Natl Acad Sci 2002;99(14):9602-5.

Kleinke CL. Gaze and eye contact: a research review. Psychol Bull

1986;100(1):78-100.

Hains SMJ, Muir DW. Infant sensitivity to adult eye direction. Child Dev

1996;67(5):1940-51.

[10] Symons LA, Hains SMJ, Muir DW. Look at me: five-month-old infants’ sensitivity to

very small deviations in eye-gaze during social interactions. Infant Behav Dev

[7

—

8

=

[9

—

36

[11]
[12]
[13]
[14]
[15]

[16]

[17]

[18]

[19]

[20]

[21]
[22]

[23]

[24]

[25]

[26]

[27]

[28]

Medical Hypotheses 117 (2018) 33-36

1998;21(3):531-6.

Itier RJ, Batty M. Neural bases of eye and gaze processing: the core of social cog-
nition. Neurosci Biobehav Rev 2009;33(6):843-63.

Jones W, Klin A. Attention to eyes is present but in decline in 2-6-month-old infants
later diagnosed with autism. Nature 2013;504(7480):427-31.

Mobile Internet Trends Mary Meeker 2015 1 | Smart Insights. http://www.smar-
tinsights.com/?attachment_id =53811. Accessed October 2, 2017.

Dereu M. Modified Checklist for Autism in Toddlers (M-CHAT). Encycl Autism
Spectr Disord 2013;6:1890-4. http://dx.doi.org/10.1007/978-1-4419-1698-3.
APA. Diagnostic and Statistical Manual of Mental Disorders 5. American Psychiatric
Association; 2013.

Mundy P, Block J, Delgado C, Pomares Y, Van Hecke AV, Parlade MV. Individual
differences and the development of joint attention in infancy. Child Dev
2007;78(3):938-54.

Kirkorian HL, Pempek TA, Murphy LA, Schmidt ME, Anderson DR. The impact of
background television on parent-child interaction. Child Dev 2009;80(5).
Radesky J, Miller AL, Rosenblum KL, Appugliese D, Kaciroti N, Lumeng JC.
Maternal mobile device use during a structured parent-child interaction task. Acad
Pediatr 2015;15(2):238-44.

Montagni I, Guichard E, Kurth T. Association of screen time with self-perceived
attention problems and hyperactivity levels in French students: a cross-sectional
study. BMJ Open 2016;6(2).

Wilson PB, Haegele JA, Zhu X. Mobility status as a predictor of obesity, physical
activity, and screen time use among children aged 5-11 years in the United States. J
Pediatr 2016;176:23-9.

Engelhardt CR, Mazurek MO, Sohl K. Media use and sleep among boys with autism
spectrum disorder, ADHD, or typical development. Pediatrics 2013;132(6):1081-9.
Domingues-Montanari S. Clinical and psychological effects of excessive screen time
on children. J Paediatr Child Health 2017;53(4):333-8.

Schoeppe S, Rebar AL, Short CE, Alley S, Van Lippevelde W, Vandelanotte C. How is
adults' screen time behaviour influencing their views on screen time restrictions for
children? A cross-sectional study. BMC Public Health 2016;1(16):201.

Waldman M, Nicholson S, Adilov N. Does Television Cause Autism? Natl Bur Econ
Res 2006:1-67. Available from: https://www.forensic-centre.com/files/AUTISM-
WALDMAN-NICHOLSON-ADILOV.pdf.

Waldman M, Nicholson S, Adilov N, Williams JLS. Autism prevalence and pre-
cipitation rates in California, Oregon, and Washington Counties. Arch Pediatr
Adolesc Med 2008;162(11):1026. Available from: http://arch-
pedi.jamanetwork.com/article.aspx?doi=10.1001/archpedi.162.11.1026.

Heffler KF, Oestreicher LM. Causation model of autism: audiovisual brain specia-
lization in infancy competes with social brain networks. Med Hypotheses
2016;91:114-22. http://dx.doi.org/10.1016/j.mehy.2015.06.019.

Eggebrecht AT, Elison JT, Feczko E, et al. Joint attention and brain functional
connectivity in infants and toddlers. Cereb Cortex 2017;27(3):1709-20.
Tomasello M, Carpenter M. Shared intentionality. Dev Sci 2007;10(1):121-5.


https://doi.org/10.1016/j.mehy.2018.06.007
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0005
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0005
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0005
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0010
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0010
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0015
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0015
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0015
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0020
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0020
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0025
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0025
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0025
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0030
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0030
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0030
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0030
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0035
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0035
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0040
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0040
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0045
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0045
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0050
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0050
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0050
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0055
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0055
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0060
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0060
http://dx.doi.org/10.1007/978-1-4419-1698-3
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0080
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0080
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0080
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0085
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0085
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0090
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0090
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0090
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0095
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0095
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0095
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0100
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0100
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0100
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0105
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0105
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0110
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0110
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0115
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0115
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0115
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0120
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0120
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0120
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0125
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0125
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0125
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0125
http://dx.doi.org/10.1016/j.mehy.2015.06.019
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0135
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0135
http://refhub.elsevier.com/S0306-9877(18)30101-4/h0140

	The role of cellular phone usage by parents in the increase in ASD occurrence: A hypothetical framework
	Introduction
	The hypothesis
	Evaluation of the hypothesis
	Empirical data
	Methods
	Settings
	Observations
	Statistical analysis

	Results

	Discussion
	Acknowledgement
	Disclosure
	Supplementary data
	References




