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[bookmark: _GoBack]Abstract
In a word, no. The current paper presents a critical review and meta-analysis of studies that (purportedly) support two hypotheses currently presented in the literature to explain the recent rise observed in incidences of autism spectrum disorder (ASD). The first hypothesis focuses on parents’ use of cellular phones, while the second focuses on children’s use of screens. Our review and meta-analysis reveal that the quality of the studies supporting these hypotheses is poor, and that the findings they present are insignificant, partial, and unreliable. Before even addressing the question of causality (whether screen use causes the disorder), it appears there is only a negligible link between screen use and ASD (0.05 ≤ Cohen's d  ≤ 0.06), which even becomes insignificant (0.01 ≤ Cohen's d  ≤ 0.03, 0.06 ≤ p  ≤ 0.53) when taking into account the clear publication bias in the scientific literature (3.25 ≤ Z Eggers test  ≤ 6.76, p < 0.001). Therefore, contrary to repeated reports appearing in newspaper headlines, the current paper demonstrates that no compelling scientific evidence has accrued that in any way demonstrates that screen use causes ASD. Moreover, the publication bias surrounding this issue, and other gaps in the literature discussed in this paper, reveal the intensity of the ethical-public panic surrounding the issue of screens. At the same time, the apparent rising prevalence of ASD disorder can be attributed to a broad range of causes, including increased awareness of parents and professionals on the one hand, and increased medicalization of otherwise normative childhood behaviors on the other. 



Introduction
“Is there a link between screen use and the rising prevalence of autism?” When reading this column headline in TheMarker in February 2020, the question mark at the end of the headline actually becomes an alarming exclamation mark! Despite the prevailing medical approach that treats autism spectrum disorder (ASD)[footnoteRef:1] as a neurodevelopmental hereditary disorder, according to the column, there is a real possibility that environmental factors, and primarily the rising use of mobile phones and screen technologies, cause developmental delays in young children and explain the ongoing rise in the prevalence of the disorder.  [1:  ASD was added to the latest edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5). The diagnosis includes both the autism diagnosis (low functioning) and Asperger’s (high functioning) which appeared in previous versions of the manual.] 

Two hypotheses, one (alarming) message 
The dramatic claim made by the column in TheMarker, along with many other newspaper articles in Israel and around the world, are based on two main hypotheses. The first was recently published by a team of Israeli researchers led by Dr. Michael Davidovitch, a pediatric neurology and child development specialist (Davidovitch et al., 2018). According to this hypothesis, the emergence of smartphones over the past decade has disrupted the delicate bond between parents and their infants. Parents, their attention engrossed in their phones, miss critical moments of eye contact with their child. Thus, a parent surfing on a smartphone or responding to a text message “just for a moment” misses subtle cues the baby is sending while trying to create a positive mutual bond. This hypothesis claims that the disruption of the synchronization process that is meant to take place between parent and infant during this critical developmental period increases the risk of ASD symptoms appearing among children who are vulnerable to the disorder (Davidovitch et al., 2018). The second hypothesis, which the literature refers to as “the displacement hypothesis or theory,” links the rising rates of ASD to children’s screen use, claiming that extensive screen use by children comes at the expense of engaging in daily activities that are necessary for their healthy psychological development. According to this hypothesis, instead of playing with friends and family in “the real world,” internalizing the social norms and rules of the world in which they are operating, and then dealing with the emotional challenges these pose, young children spend their time passively watching screens. This does not present them with any challenges and teaches them nothing about life. Ultimately, children’s screen use is a zero-sum game: children are awake 10–12 hours a day, and time “wasted” in front of screens is time that is not spent doing other activities, such as reading, physical activities, and participating in social interactions (Christakis, 2020). 
Intuitively, both hypotheses sound quite reasonable in light of today’s screen-filled reality. Unsurprisingly, they have very quickly and in a somewhat one-dimensional way made their way into newspaper headlines in Israel and around the world.[footnoteRef:2] For example, a television interview with Dr. Davidovitch, the specialist mentioned above, was headlined as: “Skyrocketing rates of autism diagnosed in children due to phone use.” As we shall see below, while the existing studies did not actually examine the question of causality implied by the phrase “due to,” in response to the interviewer’s comment that “modern life and our phones take a toll on our lives,” Dr. Davidovitch replied: “In my opinion, unequivocally so. Because such a significant rise within a decade or 15 years can’t just be attributed to a change in awareness, and it can’t be attributed to a change in the genetics.” “Unequivocally, you say?” the interviewer adds, “So it’s the iPads, the iPhones, the tablets?” “I believe that’s absolutely the case,” Dr. Davidovitch responded. “Screens generally play a role in the children’s development. More and more evidence is emerging from studies throughout the world pointing to the damage that’s being caused by screens.” [2:  Examples can be seen in the following links:
https://drexel.edu/now/archive/2020/April/Screen-time-for-babies-linked-with-autism-like-symptoms/
https://www.practiceupdate.com/content/more-screen-time-for-babies-tied-to-autism-like-symptoms/99535
https://www.businessdailyafrica.com/bd/lifestyle/health-fitness/increased-exposure-to-electronic-devices-harms-child-growth-2288758
] 

And yet, despite the adamant tone echoed throughout television studios and the press, when reading Dr. Davidovitch’s studies, and those of others who have dealt with the subject, it appears we are still far from arriving at conclusive answers regarding the link between screen use and ASD. The current paper seeks to investigate whether the newspaper headlines and television items are indeed justified, asking whether there is currently compelling evidence-based research evidence demonstrating that the use of screen technologies increases the risk of developing ASD symptoms. We begin by discussing the empirical basis of the first hypothesis, which focuses on the use of mobile phones by parents. We then discuss the empirical basis for the second hypothesis, the “displacement assumption,” which deals with the rising use of screen technology among children. In this section on the second hypothesis, about which there is more abundant literature, we also conduct a meta-analysis to gauge the extent of the general impact of screens, and explore the possibility of the existence of a publication bias. Finally, we investigate a range of possible reasons for the rising rates of ASD diagnoses and examine the link between screen use and ASD within the broader context of the accumulated literature on the effects of technology on child development. 
The “phone use by parents” hypothesis
As mentioned earlier, this hypothesis links the rising prevalence of ASD with smartphone use by the parents. Dr. Davidovitch and his colleagues recently published an article presenting this hypothesis in a journal that is unique within the so-called scientific landscape, Medical Hypotheses (Davidovitch et al., 2018). The aim of this journal, as stated on its website, is to serve as a forum for giving open-minded consideration to radical, novel ideas and speculations in the field of medicine, even if the articles presenting the would be rejected by most conventional journals due to a lack of empirical evidence. Not surprisingly, in the introduction to Dr. Davidovitch’s, a section which usually serves to justify the research hypothesis by reviewing existing scientific literature, no references are made to previous studies that have found a link or argued for the existence of a link between parents’ phone use and the presence of autistic symptoms in children. In the spirit of the Medical Hypotheses journal, the justification for the new hypothesis is based on initial findings presented in a paper based on a pilot study conducted by the authors. Therefore, it is important to understand what exactly was carried out as part of the study, what its findings were, and whether they do indeed support the new hypothesis. 
The idea for the study was elegant and creative. One hundred and eleven parents who came to see Dr. Davidovitch or Dr. Nurit Asaf (a child neurology specialist and one of the collaborators on the study ) for a neurodevelopmental assessment of their child, were asked to agree to participate in a type of field study. The assessment lasted about an hour, after which some of the parents (those who had seen Dr. Davidovitch) were asked to wait for about 10 minutes before receiving the doctor’s feedback. During the study, two other researchers documented the parents’ interaction with their phone during two time periods: (1) during the assessment; and (2) during the waiting period. The observation included three metrics: (1) a category metric tracking whether the parent focused on their phone during the assessment or waiting period (yes/no); and two continuous metrics measuring (2) the minutes/seconds of phone use by the parent during the assessment/waiting period; and (3) the total number of interactions the parent had with the phone. It should be noted that the continuous metrics were reported only among parents who scored “yes” in the first category metric. The aim of the study was to examine whether there was a link between the parents’ phone use (using the three predictive metrics described above) and four developmental problems in children. In addition to ASD, which was the core focus of the study, the researchers looked at three other developmental problems: language and/or motor delays; attention deficit disorder; and congenital abnormalities (premature births and genetic problems). Thus, based on a calculation of the above we would expect 24 findings: two modes (assessment/waiting period), multiplied by three metrics, multiplied by four developmental issues.	Comment by Author: There is no reason to underline this, as was done in the Hebrew. Underlining is discouraged, unless to indicate a hyperlink. If you want to emphasize material, consider italicizing it.	Comment by Author: There is no reason to underline this. 
The results section describes two distinct findings. The first finding (purportedly) supports the study’s hypothesis that parents’ phone use is linked to language/motor delays, and the second refutes the hypothesis, pointing to a negative correlation between phone use and congenital issues. In fact, the prevalence of children with congenital problems was higher among parents who did not use their phone, as opposed to those who had.[footnoteRef:3] The link between the parents’ phone use and attention disorders was nonsignificant, and here, too, the results refuted the hypothesis, in that the prevalence of children diagnosed with attention disorders was higher among parents who did not use their phones. Finally, the link between parents’ phone use and the study’s principle metric relating directly to ASD, was nonsignificant. In other words, the study did not find evidence of a direct correlation between telephone use and the prevalence of ASD, although its first finding did indicate a connection between phone use and some form of developmental delay. However, as we shall presently see, we believe this finding is also unreliable. [3:  It should be noted that in reading the paper, it is difficult to fully understand the rationale behind the claim that there is any link at all, be it positive or negative, between parents’ phone use and their children’s congenital issues.] 

Out of 24 possible findings, only four were reported in the paper. These pertained to the link between the four developmental issues and the phone use (yes/no) category metric during the assessment period alone. In our opinion, the fact that the findings from the continuous metrics on the extent of the phone use were missing makes it difficult to draw conclusions based on the study, as the continuous metrics much more appropriate tools than the category metric for gauging parents’ phone use. The purpose of conducting the measurement was to try to register the parent’s actual phone use compared to that of other parents. Its purpose was certainly not to make a clear-cut distinction between parents who use a phone and those who do not, as a parent who completely avoids using a device would not even have one with them. Therefore, the continuous metrics would have been preferable, scoring parents who did not use their phones with zero on the continuous metrics. Furthermore, most of the parents who used their phone did so for less than 1% of the time during the assessment. That is, the extent of these parents’ phone use was much closer to that of parents who did not use their phone at all, than to that of a certain group of parents (6.9%) who used their phone for over 10% of the time. 	Comment by Author: Can a number be supplied rather than “most”, since you are very focused on the numbers here?
Similarly, the fact that findings from the waiting period were not reported at all makes it difficult to draw conclusions from the study. This is especially true in light of the study’s conceptual assumption that the period spent waiting for the doctor’s feedback is a critical and stressful time that can reveal considerable evidence about the quality of the parent-child relationship. In reality, the parents used their phones completely differently during the assessment period and during waiting period. During the assessment, most of the parents who used their phones did so for less than 1% of the time, while in the waiting room, nearly a third of the parents who used their phones (30.8%) did so for over 50% of the time. In essence, the truly meaningful research “drama” took place in the waiting room. Consequently, findings about waiting room use could be expected to be of probative value in corroborating or refuting the study’s hypothesis. During a medical assessment, during which most of the interpersonal interaction takes place between the parent and the doctor, the behavior of a parent who glances at their phone for a second or two (e.g., when receiving a message) differs little from that of a parent who does not look at it at all. In contrast, the behavioral pattern of a parent who spends most of the time in the waiting room focused on their phone instead of interacting with their child differs notably from that of a parent who spends most of the time interacting with their child. 	Comment by Author: In general, how is data about waiting room usage available to you if it was not reported in the study? Only in the next paragraph do you mention that Dr. Davidivitch shared his raw data – it should be mentioned here, in a footnote.
To gain an in-depth understating of what was done in the study, we conducted the missing analyses ourselves using the raw database we received from Dr. Davidovitch.[footnoteRef:4] Specifically, we focused on the language/motor delay issue that was claimed to be significantly linked to parents’ phone use. When we used the continuous metric, which in our view is more accurate than the category metric, to measure the duration of time the parents dealt with their phone during the assessment, we discovered that the effect of phone use on language/motor delays was statistically insignificant, t(110) = 1.45; p = 0.149. Similarly, when we analyzed the category metric with respect to telephone use during the waiting period, we found that its effect on language/motor delays was insignificant, χ2 = 0.06, p = 0.80. Parenthetically, it should be noted that while going through the data, we encountered a coding error in the category metric that could potentially explain why, in the study, this metric led to significant findings while the other metrics did not. It appears that the coding of the category metric in the data file was actually derived from the continuous metric measuring the duration of time the parents spent on their phones. When the duration was very short (e.g. 0.01% of the assessment time) it was presented as zero, with no digits after the decimal point. Then that (inaccurate) zero was coded as “no cellular phone interaction” in the category metric. This error led to a discrepancy in the data file, where some parents who were marked as not having used their phones in the category index, nonetheless scored higher than zero on the second continuous metric, which tracked the number of times the parents used their phones. This error casts doubt on the finding reported in the paper. [4:  We wish to express our profound appreciation to Dr. Davidovitch for making the data available to us.] 

In addition to these discrepancies, the study suffers from other, more general limitations. For example, the fact that there is no mention of the parents’ socio-demographic background considerably weakens the claim that the mere use of cellular phones increases the risk of developmental delay. There is a strong possibility that developmental delays are caused not by the extent of the parents’ cellular phone use, but are rooted in much more basic socio-demographic variables, such as income levels, educational levels, or belonging to a minority group. A systematic literature review reveals that the extent of phone use was found to be linked to socio-demographic variables (Cillero & Jago, 2010). Therefore, focusing on the extent of phone use alone without addressing these variables may result in a misleading correlation. Furthermore, the fact that the socio-demographic background was disregarded makes it difficult to evaluate the study’s procedures. For example, the researchers chose to remove from the sample three parents who did not have a phone with them during the assessment. But who are these parents and why did they not have phones? Are they perhaps ultra-Orthodox Jews who tend to use only non-smartphones (kosher phones)? Interaction with simpler phones certainly differs from interaction with smartphones. Furthermore, it is not clear from the study’s data whether all the parents’ phones smartphones. 	Comment by Author: Perhaps the very fact that they did not have phones attests to the quality of their interaction with the child.
To summarize, given the combination of these limitations with the lack of findings and series of methodological gaps reviewed above, sufficient support has not been provided for the hypothesis that parents’ cellphone use increases the risk of developmental delays in children, and certainly not that it increases the risk of ASD.   
The ‘cellular phone use by children’ hypothesis
In contrast to the theory that focuses on the parents, at first glance, displacement theory, which focuses on the children’s screen use, seems to be more empirically grounded. Quite a few studies have attempted to link children’s use of screen technologies with a variety of cognitive and emotional difficulties (Browne et al., 2020; Madigan et al., 2020), the cumulative result of which has been that the World Health Organization (WHO) issued a sweeping recommendation not to expose infants and toddlers up to the age of two to screens at all (WHO, 2019). Still, the issue of how screen use affects young children is controversial in the literature (Ophir et al., 2019, 2020). In addition, the low quality of the studies on which the WHO based its recommendation, as well as the broader, more complex picture arising from those studies, do not allow for any unambiguous conclusions to be drawn (Ophir et al., 2021).[footnoteRef:5] However, perhaps sufficient evidence has accrued pertaining directly to the effects of screens on ASD? To answer this question, let us review the current literature and as well as a recent longitudinal study dealing with the subject.   [5:  For a Hebrew version of the paper, see: Ophir, Rosenberg and Tikochinski, 2021.] 

Literature review
In 2019, a comprehensive literature review was published on the connection between children’s screen use and ASD (Slobodin et al., 2019). To include as many studies as possible in the literature review, the authors applied extremely lenient criteria for inclusion, according to which any comparative study that included a group of subjects with an ASD diagnosis and a control group, that related to the target variables (children’s screen use and an ASD diagnosis), and that had at least 20 participants would be considered appropriate for review. At the same time, no characteristic pertaining to the study sample (e.g., the child’s level of functioning or the presence of another comorbid disorder), nor the date of publication of the study would constitute grounds for rejection for inclusion in the review. The only studies that met these criteria and were not included in the review were those dealing with educational screen technologies, such as educational computer games that could possibly help children who are vulnerable to ASD. 	Comment by Author: This is an accurate translation, but it is not clear what is meant by children who are vulnerable to ASD. Do you possibly mean children who may be considered as exhibiting symptoms of ASD?
The systematic literature review was conducted using PRISMA, the accepted method for conducting literature reviews and meta-analyses,[footnoteRef:6] with an initial search by title and abstract yielding 4,258 studies. However, despite the lenient criteria for inclusion described above, a large number of studies (4,222) were immediately eliminated from consideration upon examination of the content of the titles and abstracts. Of the remaining 36 studies, 20 were removed for the following reasons: nine studies did not include a control group of children without ASD; three studies were not empirical studies; two studies did not meet the minimum requirement of 20 participants; two studies did not include an ASD diagnosis; and one study dealt only with content analysis. In total, therefore, only 16 studies were included in the literature review.  [6:  PRISMA is an acronym for Preferred Reporting Items for Systematic Reviews and Mata-Analysis.] 

Surprisingly, despite the leading narrative in the newspaper headlines that heralded the publication of this review, the central argument repeated throughout the review does not imply that screen use causes the appearance of ASD symptoms (screens  ASD) but rather, conversely, that children on the autistic spectrum tend to use screens more. According to the review, there is evidence that children with ASD show increased interest in watching screens from a very young age (ASD  screens). This directionality is strengthened by studies tracking children’s daily activity in general that show that children with ASD spend more time engaged in screen-based activities compared to other leisure activities. 
According to the researchers, there are several intuitive explanations for this directionality (ASD  screens). Looking at screens requires very little effort and therefore is especially appealing to children with ASD. To a certain extent, it also serves as a safe space for such children, separating them from (subjective) social and environmental threats and enabling them to temporarily disconnect from the daily activities that require so much cognitive or social effort. At the same time, parents of children with ASD allow their children a lot of screen time because they recognize the calming effect it has on their children. And indeed, some parents of children with ASD have positive views on screen use, particularly if they believe certain games are beneficial for their children (Slobodin et al., 2019). It is difficult to know whether these beliefs reflect “genuine” values or whether they are merely defensive rationalizations aimed at resolving the parents’ possible cognitive dissonance regarding screen use. Even if the latter is the case, we can easily understand these parents. Caring for children with ASD requires tremendous fortitude, especially if the child is low-functioning, and screen technologies provide a modicum of relief from the many challenges involved. Without supporting longitudinal studies, it is difficult to determine the directionality of the link. However, evidence emerging from longitudinal studies of other childhood problems, such as self-regulation difficulties in early childhood, shows that parents of children with difficulties in early childhood allow their children to watch screens for longer amounts of time at later ages compared to children without regulation difficulties, apparently as a way of coping with those difficulties (Radesky et al., 2014). 
A longitudinal study to examine the directionality of the link
If it is indeed the case that the true directionality is that children with ASD tend to have more exposure to screens than other children, from where does the assumption of the opposite directionality, according to which screen use causes autistic symptoms (screens  ASD) stem? In April 2020, disturbing headlines published in various magazines throughout the world warned that exposing infants to screens increased their risk of developing ASD.[footnoteRef:7] These headlines were based on a longitudinal study, unique of its kind, published in the important medical journal JAMA Pediatrics, aimed at investigating the directionality of the link between children’s screen use and autistic symptoms (Heffler et al., 2020). [7:  Examples of such headlines can be seen through the following links:
https://drexel.edu/now/archive/2020/April/Screen-time-for-babies-linked-with-autism-like-symptoms/
https://www.practiceupdate.com/content/more-screen-time-for-babies-tied-to-autism-like-symptoms/99535
https://www.businessdailyafrica.com/bd/lifestyle/health-fitness/increased-exposure-to-electronic-devices-harms-child-growth-2288758
] 

In that study, the researchers tracked 2,152 infants between the ages of one and two years old for an entire year. Throughout the study, the parents were asked to report on whether the child had watched television or videos at the age of one (yes/no) and how many screen viewing hours the child had had by the age of one and a half. In addition, the parents filled out a questionnaire on ASD entitled M-CHAT-R, from which two scores could be derived: (a) the main category score determining whether the child had characteristics of ASD based on agreed criteria, and (b) a continuous score between zero and 20 for evaluating the degree to which the child was characterized by typical behaviors attributed to the disorder.	Comment by Author: Does this addition correctly reflect your meaning?
A review of the study’s results reveals that its alarming conclusion – the one that stimulated the public’s interest – was based on a single and rather unreliable finding. Purportedly, a (small) correlation was found between the television and video viewing at the age of one (yes/no) variable and the continuous score indicating the extent of behaviors attributed to the disorder at the age of two. However, that same behavioral score at the age of two was not found to be linked to the extent of screen viewing at the age of one and a half. Furthermore, and even more importantly, the researchers did not find an effect of television and video viewing on the study’s principal result metric – the category score enabling the researchers to define whether the child was at risk for ASD. Finally, even the small and partial effect observed between screen viewing at the age of one and the continuous score at the age of two is very difficult to interpret, as the study provides no cut-off point on the continuous score for defining whether a certain child was at risk for the disorder, nor does it provide information on the average score children in the sample received. Based on the data presented in the study, it is possible to determine that the vast majority of children who watched television and videos at the age of one received a score of between zero and one, out of 20 possible points on the continuous scale of behaviors attributed to the disorder. In other words, even if we disregard the substantial study deficiencies referred to previously, the study’s only finding does not truly shed light on the link between screen time and ASD.  
The intensity of the link between screens and autism
Regardless of whether the directionality of the link goes from screens to ASD or from ASD to screens, the question arises as to the intensity of the link discovered in the literature review presented above (Slobodin et al., 2019) and its clinical implications in the real world. But before we address this question, it is important that we note several reservations.
First, different studies included in the review investigated different types of screen time. Some studies investigated television viewing, while others examined video games, smartphones, computers, tablets, social media and more (some even looked at several types of screen activity simultaneously). Moreover, some studies investigated the same screen activity under different conditions (e.g., video games during the week and video games on the weekend, or watching television alone versus watching television with a parent). This makes it difficult to find consistency among the studies that would enable us to assess their overall effect. Second, despite the conclusion presented in the review, a closer analysis of the studies it includes reveals that the overall picture arising from them is inconclusive. Some studies presented mixed findings, including nonsignificant findings as well as findings that refuted the conclusion presented in the review. Finally, it is important to mention that some of the studies presented in the review did not include the participants’ socio-demographic background as part of the result analysis. Generally, a meta-analysis seeking to gauge the intensity of the link between ASD and screen use would refer to simple effects while taking into account the variability among the different studies. However, here, the effects are not simple but partial, as they are stripped of socio-demographic influences,. This deficiency thereby affects the variability between the studies reviewed, and weakens the specific predictive validity of those studies. 
A consideration of the two studies presenting the strongest links in the review
As an example of the last reservation regarding the participants’ socio-demographic background, let us review the study that yielded the strongest finding in the literature review (Cohen's d = 1.67). The researchers compared the television viewing time of children with and without ASD but did not control for the socio-demographic variables measured in the study (Chonchaiya et al., 2011). Most of the socio-demographic differences between the children with ASD and those without were not found to be significant (the study used relatively small samples). However, when seeking to prove that a new factor (ASD) is related to screen use, researchers must verify that their methodology is not overlooking the influences of more basic factors, such as socio-demographic factors or known medical factors. Thus, for example, among the group of children with ASD, 77.8% were boys, as opposed to 65.5% of boys in the control group – a gender difference well documented in the literature on autism. Similarly, 13% of the children diagnosed with ASD had been born prematurely, as opposed to 7.3% among the children who were not diagnosed with the disorder (Chonchaiya et al., 2011). Lacking a single statistical model that takes all these factors into account, it is difficult to assess the extent to which there is in fact a link between ASD and viewing time and whether this link exists beyond the possible influences of other factors, such as the child’s sex, or having been born prematurely. 
As an example of the second reservation addressing the mixed findings, let us examine the study demonstrating the second largest effect out of all the studies appearing in the review (Cohen's d = 1.32). This study examined the use of mobile phones among teenagers diagnosed with Asperger’s Syndrome (corresponding to the less severe level of the ASD spectrum, see Footnote 1) and its results included a series of mixed findings (Durkin et al., 2010). One of its findings can serve to support the conclusion presented in the literature review that teenagers with Asperger’s Syndrome spend more time playing games on their phones compared to typical teenagers, while findings in the same study do not support and even refute this conclusion. The researchers did not find significant differences between the groups in terms of the time devoted to phone contact with family, text messaging, taking photos, and searching for content online. On the other hand, they did find significant differences in phone ownership and usage to communicate with friends. While “only” 60% of the teenagers with Asperger’s Syndrome owned a mobile phone, an astronomical 94% of typical teenagers owned one, and they also spent considerable more time than the teenagers with Asperger’s Syndrome using it to communicate with friends (Durkin et al., 2010). 
Meta-analysis
It is possible that these types of problems prevented the review’s authors from conducting a meta-analysis that would have aggregated the findings from all the studies reviewed and provided an assessment of the intensity of the link between screens and autism. In the discussion section, the authors note that the range of methodologies and findings they reviewed “limits our ability to harmonize the results and provide the magnitude and clinical significance of the association between screen use and ASD” (Slobodin et al., 2019. p.307). However, a general quantitative analysis (meta-analysis) must be conducted when seeking to make a general claim, as was made in that same literature review, that the studies reviewed presented a homogenous overall picture that “indicates that children with ASD are exposed to more screen time than typical peers” (Slobodin et al., 2019, p. 307). Such an analysis must take measures to address its intrinsic limitations (Littell et al., 2008). We will now present two analyses we conducted in order to investigate the intensity of the link between screen use and ASD. 
In order to deal with the variability of the various metrics collected (addressed in the first reservation presented above), we began by looking at the screen activities that were measured in each of the studies reviewed and conducted two separate meta-analyses of two activities that received the most research attention: television viewing and video games. The inclusion criteria for these analyses were studies from the review that directly compared television viewing and/or video game habits of a group of subjects with ASD and those of a group of subjects with normal development. Studies lacking a control group of subjects without ASD were not included in the analyses. Another study was not included in the analyses (Must et al., 2015) because its database and reported findings regarding television and video games were identical to those appearing in a previous study already included in the analysis (Must et al., 2014). 	Comment by Author: With normal development is an accurate translation. Would you prefer to write “without ASD”?
In total, excluding the studies that did not meet the inclusion criteria, nine studies were included in the meta-analysis examining the intensity of the link between ASD and television viewing, and eight studies were included in the meta-analysis examining the link between ASD and video games. In order to address the second and third deficiencies arising from mixed findings and lack of control for socio-demographic variables, we chose to err on the side of caution, referring in each study to the strongest effect supporting the direction of the review’s hypothesis. In other words, the general effect expected to emerge from the meta-analysis is an overestimation of the true effect and constitutes the “worst-case scenario” – an exaggeration of the intensity of the link if indeed our worst-case scenarios are proven true.	Comment by Author: Why worst-case scenario? It implies a presumption of a result you want to achieve. Consider simply writing: “….is an overestimation of the true effect and represents an exaggeration of the intensity of the link if indeed one is shown to exist.”
To conduct the meta-analysis, we used version 3.5.0 of the R software (www.r-project.org). In studies where the findings were presented using a continuous metric, we calculated the effect size using Cohen’s d metric. In studies where the findings were presented using a category metric, we calculated the effect size using the χ2 metric and then converted the result to Cohen’s d metric. We conducted the meta-analysis itself using the Metafor statistical evaluation software (version 2.1.0, www.metafor-project.org) using a fixed model analysis suitable for conducting analyses that include relatively few studies (Borenstein et al., 2011).
The overall picture emerging from the meta-analyses is presented in the forest plots (Figures 1 and 2). Superficially, the results point to a correlation between screen viewing and ASD (Cohen’s d = 0.06, p = 0.001; 95% CI [0.03, 0.10]), as well as a correlation between video games and the disorder (Cohen's d = 0.05, p = 0.01; 95% CI [0.01, 0.09]). However, despite the significant correlations, the effect intensity (0.05 ≤ Cohen's d ≤ 0.06) and the confidence intervals nearing zero (0.01 and 0.03) indicate that the link between screen time and ASD is exceptionally weak and has very little, if any, clinical significance (Cohen, 2013). 
Publication bias and media panic
In addition to the minute effects, the funnel plots obtained from our meta-analysis demonstrate that the existing literature on the link between ASD and screen usage suffers from publication bias (Figures 3 and 4). The funnel plots reveal how many findings reporting results that corresponded with the editors’ or authors’ preexisting positions were published in the scientific literature despite having relatively high standard errors that rendered them statistically weak (Dickersin et al., 1987). At the same time, studies at the same level of statistical strength presenting findings that contradicted the editors or authors’ theoretical approach, or studies that presented statistically nonsignificant findings that did not provide strong support for their preconceptions were almost not published at all (see the lower left section of the funnel plots). Such studies were accepted for publication only if they were “strong,” meaning with relatively small standard errors (see the top left corner of the funnel plot). Egger regression tests done on these data indicated that the publication biases observed in the funnels were statistically significant (z = 6.76 and 3.25 for TV and video games, respectively, p < 0.001).  
Using the trim-and-fill method, we conducted a simulation to estimate the number and size of the effects that would have been published had there been no publication bias (Duval & Tweedie, 2000; Shi & Lin, 2019). This revealed, with quite a high probability, that the original (small) effects emerging from the meta-analysis on television viewing (Cohen's d = 0.03, p = 0.06; 95% CI [-0.005, 0.084]) and video games (Cohen's d = 0.01, p = 0.53; 95% CI [-0.031, 0.056]) would have been even smaller and more importantly, would have lost their statistical significance, were it not for the existence of a publication bias. Given both of our meta-analysis findings, indicating the insignificant intensity of the link between screen use and ASD and the existence of a publication bias, it is not possible to claim that there is empirical support linking screen use and ASD. 
The effect of the publication bias goes beyond weakening the validity of the link observed in the meta-analysis. It implies that the field of research dealing with the effects of technology, a field that should strive to be neutral and objective like any other scientific field, may be influenced by the public discourse and moral panic surrounding new technologies (Ingraham & Reeves, 2016). When new communication technologies are introduced into our lives, concerns naturally arise as to whether the advantages they offer will be outweighed by the disadvantages they create. However, public discourse characterized by moral panic, these concerns are amplified to the level of fear mongering, receiving headlines even while often being unsupported by scientific research (Ophir, Rosenberg and Tikochinski, 2020). Thus, in a type of closed infinity loop, the moral panic (unconsciously) spurs the publication bias, thereby giving prominence to studies that point to the dangers of screens, which in turn further fuel the panic (Orben, 2020). Conversely, findings that are not in line with the panic discourse receive no research prominence. They get no flashy headlines in the press, and as the publication bias demonstrates, at times, they are even denied entry to a scientific forum that purports to be concerned with what is true rather than what is alluring.

Causes for the rising rates of ASD
In light of the criticism presented in the current paper regarding the link between screens and ASD, it is appropriate to inquire as to other possible causes that can explain the rising rates of ASD over the past 15 years, as was described in the television interview mentioned above. But before we tackle that question, it is important to place this question within a more accurate context. The rising rates of ASD are not unique to recent years. A decade ago, in a paper published in July 2021, Dr. Davidovitch and his colleagues reported that, “The dramatic rise over the last several decades in the diagnosis of autism spectrum disorders (ASD) has been documented extensively around the world” (Davidovitch et al., 2013, p. 785, emphasis added). In Israel for example, the rate of children diagnosed with the disorder rose at the end of the last century from 0.12% among children born in 1986 to 0.36% among children born in 2003 (Gal et al., 2012). In 2010, incidence of ASD nearly doubled to a rate of 0.65% (Davidovitch et al., 2013) and currently, according to data from Israel’s Maccabi healthcare provider, ASD rates have reached 1.30% (2.12% among boys) (Davidovitch et al., 2020). While these rates are indeed unprecedented, it is clear to see that the rise itself is not a new phenomenon; therefore it is difficult to attribute it specifically to the appearance of mobile phones.
Even in the fifth and most recent edition of the Diagnostic and Statistical Manual of Mental Disorders (the DSM-5), which was published in 2013, awareness of the rising diagnosis rates is evident. According to the manual, “the incidence of the diagnosis has approached 1% in the United States and outside of it” and it is difficult to know “whether these high rates reflect the broader criteria for the disorder compared to the manual’s previous version (DSM-IV) that includes sub-clinical cases XXX…” (American Psychiatric Association, 2013, p. 55).	Comment by Author: Please insert direct quote here.
That being the case, not only has the rising incidence of the diagnosis been well documented in recent decades, but many causes have been suggested over the years to explain that rise. For example, a known cause referred to briefly in the previous paragraph quoting the DSM involves the changes that were made to the definition of ASD. In fact, changes in the definition of the disorder were linked with a rise in diagnosis rates even before the DSM-5 was published (Johnson & Myers, 2007), and the looser the criteria for diagnosis became, the more increases in diagnosis rates were observed. While in the DSM-5, the diagnosis criteria were actually made stricter, the second of the two main criteria for diagnosing the disorder,[footnoteRef:8] pertaining to restricted or repetitive behavioral patterns, was expanded to include a range of behaviors related to sensory modulation. Examples of such behaviors, according to the DSM, include indifference to pain/temperature, negative reactions to movements or textures, excessive touching or smelling of objects and increased interest in lights or movement. Another easing of the criteria in the current DSM allows the diagnostician to determine that the child suffers from ASD even if symptoms of the disorder did not appear in full before the age of three, as was required in the previous edition. The changes made to the criteria may explain why the majority of the rise in diagnosis rates was observed with respect to children with high functioning rather than low functioning ASD, as children expressing clear and severe difficulties in early childhood were likely to have been diagnosed in the past.  [8:  The two main criteria for ASD diagnosis according to the DSM are (a) ongoing communication impairments and (b) restricted or repetitive behavioral patterns.] 

In addition to this explanation, there are many other environmental factors that have previously been linked to ASD that could potentially explain the rising rates of diagnosis. A partial list of these include exposure to air pollution (Lam et al., 2016), complications at birth and caesarian sections, risk factors among mothers such as advanced age, obesity and diabetes, and lack of vitamin D (Modabbernia et al., 2017). Alternatively, it is possible to focus on the sociological and practical aspects appearing in Dr. Davidovitch’s most recent paper, which include higher awareness of the disorder, increased use of initial screening tools, the limited specificity of those screening tools, unclear and ambiguous guidelines for assessing the symptoms, and the subjectivity characteristic of that assessment (Davidovitch et al., 2020). Another well-known explanation has to do with the benefits and concessions enjoyed by parents and children diagnosed with the disorder. The more the healthcare and the educational systems accommodate those diagnosed with the disorder, the greater the incentive for parents and teachers to “receive” the diagnosis. It is interesting to note that Davidovitch mentions the hypothesis that screen use may also contribute its share to rising diagnosis rates only after these other familiar explanations are presented, and he immediately follows this with the disclaimer: “Despite many efforts, a single, simple explanation has not been found for the rise in ASD incidence” (Davidovitch et al., 2020, p. 1898).
Here it is apt to note that the difficulty in finding “a single, simple explanation” is relevant not only to solving the mystery behind the rise in the incidence of ASD. Over the past decades, we have been witnessing a rise in the incidence of a range of neuropsychiatric disorders, and particularly developmental disorders in childhood, such as attention deficit disorder, the incidence of which has risen from 3–5% to recently crossing the 20% mark, in only four decades (Ophir, 2020a; Ophir, 2020b). At the same time, there are currently efforts to propose new neuropsychiatric disorders, such as “sluggish cognitive tempo” (Becker & Barkley, 2018) and phone, social media and video games addiction (Billieux et al., 2015; Panova & Carbonell, 2018). If we look not only at the relatively narrow phenomenon of ASD, it is possible that the rising incidence of psychiatric disorders in children does not reflect a true increase in objective medical problems, but an increasing social-cultural tendency towards medicalization – the labeling and definition of children’s everyday behavior as medical problems requiring medical intervention (Conrad, 2007; Conrad & Slodden, 2013). 
It is important to note that medicalization is not necessarily a negative phenomenon. Labeling a child with a neuropsychiatric diagnosis may provide them and their parents with benefits and concessions (such as tutoring or equine therapy) that will contribute immensely to their social development, academic success, and self-image. However, it is equally important to recognize the problematic aspects of medicalization, especially considering the potential harm that can come from the child and the family possibly internalizing the message that the child suffers from a brain defect and the ensuing stigma. Medicalization is often fueled by pharmaceutical companies and their representatives, who artificially exaggerate the incidence, severity, and risk of a particular medical condition (Blasco-Fontecilla, 2014; Wolinsky, 2005) in order to increase their sales (Schwarz, 2017; Whitaker & Cosgrove, 2015). Therefore, it is our duty to try to clarify precisely which are the most probably causes of the rising rates of psychiatric disorders, especially those that can pose a risk to young children. 
In the current paper, we are not claiming that the rising rates of ASD are necessarily caused by increased medicalization, and we are particularly making no such claim with regard to low functioning ASD (which was already perceived as a medical problem in the past). We refer to medicalization as part of a series of possible and well-known explanations for the rising diagnosis rates, as an alternative, straightforward and more probable explanation than that linking this phenomenon with smartphone use. The rise in diagnosis rates, as the current paper demonstrates, did not begin in the past decade and, in our view, there is insufficient empirical evidence causally linking these rising rates to parents’ phone use or children’s screen use (screens  ASD).

Final words
In conclusion, let us return to the influential journal mentioned above, JAMA Pediatrics. In a recently published paper by the editor addressing the precise topic this paper examines, the journal’s editor recognizes the many limitations that make it difficult to draw conclusions (causality) regarding the link between screens and autism. At the same time, he estimates that it will take quite a few more years before more valid findings are obtained, and therefore recommends that parents follow Hippocrates’ admonition to “first do no harm.” He suggests they follow the guidelines of the American Academy of Pediatrics prohibiting screen time before 18 months of age (Christakis, 2020). We understand and respect this position; however we would like to call attention to another one of the fundamental values of medical ethics – one we believe is no less important than the one noted by the journal’s editor – which is preserving patient autonomy. The well-known concept of “informed consent” is based on the tenet that all relevant information is fully disclosed by the doctor to the patient with integrity and in a transparent, reasonable, and balanced way.
In this context, we believe that cautious and thoughtful delivery of information to parents of children suffering with ASD is even more important. Beyond transparency, objectivity, and the need for accuracy in reporting scientific findings of any type, the link made between the parents’ behavior and the problem from which their child is suffering may be experienced as hurtful and offensive. Obviously, if the scientific findings are conclusive (e.g., if there is clear-cut evidence that parents’ phone use causes autism), then “first do no harm” probably supersedes patient autonomy. However, when the findings are inconclusive and the proposed hypotheses have yet to receive adequate scientific support, as demonstrated in the current paper, we must be all the more careful. While some parents may react positively to a link being made between their behavior and their child’s problems (some may even try to use their phones less as a result), others may be deeply hurt and feel intense guilt. Examples of this can be found in the comments made by the upset parents of autistic children in response to the column in TheMarker mentioned at the start of this paper. 
On a personal note, as parents of young children ourselves, we admit that despite the criticism presented in this paper, we identify with Dr. Davidovitch’s general stance, which emphasizes the importance of mutual and attentive interaction between parent and child, free of screens. We also share the concern that the ubiquitous presence of screens disrupts the traditional boundaries between the home environment and the outside world, between family time and work time, and we too, are worried that phones are damaging the quality of our interaction with our children. There has been quite an accumulation of articles in recent years demonstrating that parents use their phones in a variety of family activities and situations (including museums, amusement parks, and even during intimate situations such as breastfeeding) in a way that damages the eye contact and quality of the interaction between parent and child, and increases the parent’s impatient responses (e.g. Kushlev & Dunn, 2019; Lemish et al., 2020; Tomfohrde & Reinke, 2016). We also recognize the intense attraction of screen technologies and accept the argument that in too many cases, the child’s screen time comes at the expense of other constructive and positive activities (the displacement hypothesis). 
At the same time, in our professional capacity, when analyzing the scientific findings, we repeatedly come to the same conclusion, which is that the frightening news headlines regarding the damage caused by screens are exaggerated and frequently false. Even when there are significant and reliable scientific findings, in most cases, the psychological implications attributed to screens is not a result of screen time in and of itself, but rather of other factors, such as dependent/pathological screen use or watching inappropriate content, lack of sleep, physical activity and social activities, and a critical lack of close beneficial interaction between parent and child. Therefore, we suggest that parents focus less on the exact number of minutes/hours they should allow their children to watch screens, and invest their educational resources in more important parental activities such as: (1) monitoring problematic and abnormal screen use, e.g., screen use that creates extreme dependence and disrupts daily conduct; (2) instilling rules for when to stop using screens and cultivating the habit of watching healthy and appropriate content; (3) maintaining a physically, emotionally, and socially balanced and healthy lifestyle; and (4) establishing parameters of family time, such as dinner, taking trips, playing board games and reading books, where telephones and screens “go to sleep” and our entire parental attention is devoted to our children. 
We are aware that this partial list of recommendations for parents is more complex than the unequivocal restrictions appearing in some of the medical position papers published from time to time (and we aim to expand our recommendations in our next paper). However, we believe that this partial list is more balanced and accurate, and, mainly, less intimidating, than those same unequivocal restrictions. With respect to ASD specifically, we seek to ease the worries of our fellow parents and let them know that the findings accumulated to date do not support the hypotheses linking screen use and ASD symptoms. In making this statement, we do not purport to claim that we possess all the relevant information, and we assume that in the near future, new studies will emerge that may alter our position. However, in writing the current paper, we did our utmost to deliver the information of which we currently can be certain in a transparent and balanced way, so that parents of children with ASD are able to judge for themselves and reevaluate to what extent (if any) there is solid evidence supporting the hypothesis that screen use increases the risk of the disorder. It is our hope that this will help them relinquish some of the heartache and guilt they may have been living with. 
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Figure 2: Forest Plot – Video Games and ASD
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Figure 3: Funnel Plot – Television Viewing and ASD Funnel Plot
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Figure 4: Funnel Plot – Video Games and ASD Funnel Plot
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