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Abstract
OBJECTIVES: 

This study examines the link between maternal reports of television viewing at ages 1 and 3 and attention problems at age 7 using data from a large, national database, the National Longitudinal Survey of Youth.  This work represents a reanalysis and extension of recent, much publicized research suggesting that young children’s television viewing causes subsequent attention problems.  The strength of the relationship presented there implies that television viewing is a major public health problem.  

METHODS:

These analyses involve the experiences of 1,288 one-year-old children and 1,404 three-year-old children.  

RESULTS:

We begin by replicating the results of the earlier study.  Our non-linear specification of the effect of television reveals that the association between television watching and attention problems exists only at very high levels of viewing.  Adding two covariates to the regression model eliminated this modest effect.  

CONCLUSIONS:

The earlier findings are not robust.  Television viewing at early ages is not associated with attention problems at later ages.  
INTRODUCTION
Nearly since the advent of television, researchers have been interested in its effects on children’s cognitive and emotional development.  In the 1960s, the National Institute of Mental Health (NIMH) commissioned $1 million worth of research projects that focused on various aspects of television and children’s development (Liebert & Sprafkin, 1988).  Much of that research examined the effects of television-watching on children’s ability to exercise self-control and maintain focus (Englander, 1997; Liebert & Sprafkin, 1988; Van Evra, 1998).  


Surprisingly, very few studies have analyzed this question in large, national samples with appropriate demographic controls.  A recent article by Christakis and colleagues spiked a resurgent interest in television’s influence on children’s attention and behavior (Christakis, Zimmerman, DiGiuseppe, & McCarty, 2004).  The authors assessed the link between television viewing at one- and three-years of age and attention problems at seven years of age.  A key contribution of their analyses was its focus on very young children, its use of a large national sample, and its multivariate analysis that included an impressive number of control variables.  The authors reported a substantial—indeed, even alarming--link between early television watching and risk of attention problems at older ages.   Given the levels of television viewing among children nationwide, such a strong relationship would represent a major public health problem.
The global message of this finding was that television watching causes attention problems in children and that parents should limit their children’s exposure to it.  We agree that parents’ limiting children’s television watching is probably a good idea.  However, we also argue that conclusions that television can cause attention deficit problems or disorders should be met with caution.  Such findings deserve thoughtful scrutiny and careful reanalysis.  
While not especially common, reanalysis can shed new light on the strength of provocative findings.  Reanalysis and replication are especially important in instances where causal, policy-relevant relationships are inferred from survey data.  While such reanalysis can never establish causality definitively, they can identify findings that are unstable or ephemeral.  
The key empirical problems we identify in the Christakis et al. article are two-fold.  First, the authors report only the results of a log-linear analysis of the association between early television watching and later attention problems only.  The strong assumption here, which they did not submit to a sensitivity analysis, is that any additional hour of watching television yields the same log-linear increase in risk.  Yet, research on television viewing finds that the context in which children watch television matters.  Viewing behavior—duration (hours watched) and content (what is watched), with whom children watch (parents, peers, siblings), and how they watch (restricted, monitoring) are important variables to consider.  For example, the more television children watch, the more information they are exposed to and may process and retain, and the more they can replay their learned behavior (Potter, 1996; Valkenburg & Vroone, 2004; Van Evra, 1998).  Bandura (2002) stated, “Heavy exposure to this symbolic world may eventually make the televised images appear to be the authentic state of human affairs” (p. 137) (Bandura, 2002).  We propose, and examine, that threshold effects may exist in terms of the amount of television to which children are exposed.  Unfortunately, the data we draw on here do not provide information on the content of that television or with whom that television is watched.
Second, although Christakis et al. include an array of covariates in their regressions, thus attempting to rule out spurious, third variable problems, they failed to include two available measures that we think are essential.  These two variables include a measure of mothers’ achievement, assessed with the Armed Forces Qualifying Test (AFQT), and a measure of the family’s income.  Mothers with lower levels of achievement or income may allow their children to watch more television and that these characteristics are also related to behavior outcomes in later childhood.  We examine whether the results Christakis et al. reported are robust to the additional inclusion of these two important variables.
METHOD AND RESULTS

The data for these analyses and the original study are drawn from a large sample of children and their families followed longitudinally, the 1979 cohort of the National Longitudinal Survey of Youth (NLSY79).  Participants in the original study were ages 14 to 24 in 1979, and as these women reached child-bearing age, the study added an extensive battery of assessments involving their own children.  These data have been used in numerous analyses of important questions involving children’s development.  

The Christakis et al. study examined the link between television viewing between ages 1 and 3 and attention problems at age 7.  Attention problems are assessed with the 5-item hyperactivity subscale of the Behavior Problems Index (BPI), a maternal-report measure of children’s behavior available in the data.  We follow these authors in creating a binary classification representing attentional “problems” as either present or absent, using a cut-point of 120 on the same-gender standardized hyperactivity score.  Doing so yields a prevalence for attentional problems that is similar to published reports of ADHD prevalence among young children in community samples (4).

We start by following the methods described in the original paper to replicate the authors’ findings (and correcting for minor problems in the original analysis).  We obtain sample sizes, means and standard deviations for the key variables that are nearly identical to those in Christakis et al., and when dissimilar, differ only in the first decimal place.  

Our “age 1” sample is 1,288 children (compared to 1,278 as published in the Christakis et al. report), while our “age 3” sample is 1,404 (compared to 1,345).  One difference in our methods is that we use the sampling weights for the year 2000 for all of the children in the study instead of using the sampling weights from the year the outcome was measured, as in the original study.  (While the effect on the parameter estimates is negligible, using the weights from a single wave of data collection produces results that are more clearly representative of the population sampled.)  Doing so decreases the sample size for the “age 1” regressions to 1,039 children and the “age 3” regressions to 1,159.
We next replicate the multivariate logistic regressions presented in the original article.  The odds ratios for the continuous measure of television viewing in the regressions is shown in Models 1 and 6 of Table 1.  These findings suggest that each additional hour of television viewed at age 1 (age 3) is associated with an increased likelihood of attention problems by 8% (9%).  These largely replicate the results presented in the original report (Table 2).  These findings suggest that our sensitivity analyses begin at the right starting point—the estimates in the original paper.
Our first extension involved an assessment of non-linearities: we characterized television watching not in a log-linear form, as in the original report, but rather as a dummy variable where 1 = watches any television and 0 = watches no television.  The log-linear specification adopted in the original report assumes that the effect of an added hour of television watching does not depend on the amount of television the child is watching.  In our view, a non-linear specification is preferable because it allows the effect of added television viewing to increase (or decrease) as children watch more television.  We perform this analysis for the “age 1” regressions, when 30% of the children watch no television at that age (this same analysis cannot be completed at age 3, when 99% of children watch at least some television).  Again, we control for all of the covariates that the original study used, but we use the 2000 sampling weights.  This analysis reveals no significant association between watching any television at age 1 and attentional problems at agex7.

Models 3 and 7 in Table 1 report the odds ratios on a series of dichotomous variables for hours of television watched at ages 1 and 3, respectively (watches no television is the omitted or baseline category for age 1 and watches less than one hour is the omitted category for age 3).  These dichotomous variables allow for a more flexible model and enable us to determine if the “effects” that the original authors report are true for children who watch differing levels of television.  Models 3 and 7 indeed suggest such non-linearities.  Specifically, only levels of television greater than seven hours at age 1 are significantly (albeit marginally) associated with risk of attention problems at age 7.  Model 7 suggests that watching between 6 and 7 hours of television at age 3 is significantly associated with the risk of attention problems at age 7.  These findings imply that the impact of television viewing on eventual attention problems may be true only for those children watching a great deal of television per day.

We then turned our attention to selection issues and the role of various family factors that might be confounded with the effect of television watching.  The NLSY79 data are particularly well suited to these analyses because they provide extensive information on the children’s development and their environment.  These analyses involved a series of regressions that controlled for additional background characteristics of the mother.  Our goal was to see if the television viewing findings we just reported stand up to stricter tests.  To do this we include a measure of mothers’ academic achievement and a measure of family income.  In the original report, the authors contend that they control for socioeconomic status but include only mothers’ education and marital status.  Mothers’ academic achievement is measured with the Armed Forces Qualification Test (AFQT) percentile score.  The AFQT, which was administered to NLSY sample members in 1980, assesses paragraph comprehension, arithmetic reasoning, word knowledge, and mathematics knowledge.  The AFQT is described by Neal and Johnson (1996) as a measure of basic skills, or human capital, attained (Neal & Johnson, 1996).  While the original analysis controls for maternal education, the AFQT is an important measure of maternal skills and may be an important influence on how much television the mother allows the child to watch.  Second, we include a measure of the poverty status of the family at age 1 and age 3 in the respective regressions.  Poverty status captures a family’s ability to purchase the resources and goods (e.g., schools, housing, food, safe and cognitively enriched learning environments) that are critical for successful development.  It may also be an important influence on how much television the child is allowed to watch.
In the age 1 regressions, we find that once these two characteristics of the mother and the family are included, the continuous measure of television viewing (i.e., as in the original analysis) is no longer significant (Model 4).  Similarly, we included these family characteristics in our models that include the non-linear specifications of television viewing (Model 5) and again find that there is also no longer a significant association.  Models 8 and 9 suggest that once these characteristics are controlled, television viewing at age 3 is no longer associated with risk of attention problems at age 7.

DISCUSSION
More young children, i.e., infants, toddlers, and preschoolers, watch television today.  American children in particular watch a lot of television:  on average 2.2 hours per day at age 1 and 3.6 hours by age 3 (Christakis et al., 2004; TV Turnoff Network, 2004).  The American Academy of Pediatrics has recently recommended that children under two watch no television and that older children’s television-watching be limited (American Academy of Pediatrics, 2001).  There are many good reasons to think that this is a good idea.  For example, the time that children spend watching television might more productively be spent in less sedentary or more physically engaging activities.  Our work here questioned the assumption that another good reason to limit children’s exposure to television is because it plays a role in the development of attention problems later in childhood.

Our analyses produced two main findings.  First, the correlation between early television watching (at ages 1 and 3) and risk of attention problems measured at age 7 is significant only for the small group of children (10%) of the sample who watches seven or more hours of TV per day.  In other words, the relationship is non-linear, and it is not true, as the authors of the original study were quoted in the print media as saying, that each extra hour of television viewed per day is associated with a 10% increased likelihood of developing attention problems later on.  Modest levels of television viewing do not appear to be detrimental, even for young children.

Second, and even more importantly, our analyses reveal that even this relationship becomes non-significant once comparisons of children watching differing amounts of television are adjusted for two additional factors.  In particular, we estimate regressions that control for maternal academic achievement and the child’s poverty status in early life.  Both of these characteristics increase the likelihood that children watch more television and also influence child outcomes.  As a result, analyses that ignore these relationships confound the effects of television watching with that of these other factors.  For example, mothers who are less oriented toward academic achievement might be more likely to allow their young children to watch TV in lieu of more enriching activities.  Poor children might have fewer opportunities to participate in activities outside the home, and they too, might be more likely to watch TV.  As a result, the effects of poverty are mistakenly attributed to television watching.
The authors of the original report conclude “the magnitude of the risk associated with television viewing…is clinically significant…”  The analyses presented here suggest that the relationship between television viewing and behavior is complex, but the weight of the evidence suggests that reports of a strong relationship were premature.  If there are effects of television viewing, they occur principally at high levels.  The average 2-17 year old watches 2.8 hours of television per day, and the average American watches just over 4 hours per day (TV Turnoff Network).  We find negative effects of television viewing occur only at much higher levels.  

It is worth noting that there are potential statistical problems that may mask the negative effects of television viewing.  For example, the measure of television viewing was reported by mothers, and those reports may not be especially accurate.  In that case, measurement error would work to attenuate estimates of the parameter of interest.  However, social desirability may lead parents to under-report the amount of television their children watch.  If more advantaged parents are more embarrassed by how much television their children watch, then maternal reports would be negatively correlated with parental advantage.  In that case conventional analyses like those in the original paper would overestimate the effect of television.  
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	Odds Ratios for Various Regression Analyses: Testing Non-Linearities and Selection Factors in Television Viewing

	
	Model 1
	
	Model 2
	
	Model 3
	
	Model 4
	
	Model 5
	
	Model 6
	
	Model 7
	
	Model 8
	
	Model 9
	

	
	Age 1
	
	Age 1
	
	Age 1
	
	Age 1
	
	Age 1
	
	Age 3
	
	Age 3
	
	Age 3
	
	Age 3
	

	Continuous viewing
	1.08
	*
	---
	
	---
	
	1.06
	
	---
	
	1.09
	**
	---
	
	1.05
	
	---
	

	
	(.04)
	
	
	
	
	
	(.04)
	
	
	
	(.04)
	
	
	
	(.05)
	
	
	

	Watches any
	---
	
	1.34
	
	---
	
	
	
	---
	
	---
	
	---
	
	
	
	---
	

	
	
	
	(.41)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Viewing categories
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	  0 hours (omitted)
	---
	
	---
	
	1.00
	
	---
	
	1.00
	
	---
	
	---
	
	---
	
	---
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	  Between 0 and 1 hr
	---
	
	---
	
	0.95
	
	---
	
	0.81
	
	---
	
	1.00
	
	---
	
	1.00
	

	
	
	
	
	
	(.55)
	
	
	
	(.53)
	
	
	
	
	
	
	
	
	

	  Between 1 and 2 hr
	---
	
	---
	
	1.25
	
	---
	
	1.26
	
	---
	
	.45
	
	---
	
	.39
	

	
	
	
	
	
	(.49)
	
	
	
	(.54)
	
	
	
	(.26)
	
	
	
	(.26)
	

	  Between 2 and 3 hr
	---
	
	---
	
	1.04
	
	---
	
	1.05
	
	---
	
	.87
	
	---
	
	.77
	

	
	
	
	
	
	(.44)
	
	
	
	(.46)
	
	
	
	(.45)
	
	
	
	(.43)
	

	  Between 3 and 4 hr
	---
	
	---
	
	1.92
	
	---
	
	1.85
	
	---
	
	1.19
	
	---
	
	.84
	

	
	
	
	
	
	(.82)
	
	
	
	(.86)
	
	
	
	(.62)
	
	
	
	(.48)
	

	  Between 4 and 5 hr
	---
	
	---
	
	1.79
	
	---
	
	2.04
	
	---
	
	.65
	
	---
	
	.50
	

	
	
	
	
	
	(.89)
	
	
	
	(1.04)
	
	
	
	(.36)
	
	
	
	(.30)
	

	  Between 5 and 6 hr
	---
	
	---
	
	0.63
	
	---
	
	0.75
	
	---
	
	1.25
	
	---
	
	.85
	

	
	
	
	
	
	(.59)
	
	
	
	(.62)
	
	
	
	(.76)
	
	
	
	(.58)
	

	  Between 6 and 7 hr
	---
	
	---
	
	1.35
	
	---
	
	1.26
	
	---
	
	4.09
	*
	---
	
	3.30
	

	
	
	
	
	
	(1.06)
	
	
	
	(1.21)
	
	
	
	(2.56)
	
	
	
	(2.59)
	

	  Greater than 7 hr
	---
	
	---
	
	2.18
	§
	---
	
	1.73
	
	---
	
	1.91
	
	---
	
	1.26
	

	
	
	
	
	
	(.97)
	
	
	
	(.90)
	
	
	
	(1.07)
	
	
	
	(.83)
	

	n
	1,039
	892
	1,159
	946

	Note: *** p<.001. ** p<.01 * p<.05 § p<.10.  These analyses use 2000 sampling weights for the children.  Models 1 and 4 are the regressions in the original paper.  Models 3 and 5 use dichotomous coding for television viewing, but the same controls as the original regressions.  Model 3 uses a dichotomous variable indicating if the child watched any television at age 1. Odds ratios are presented, with robust standard errors below in parentheses.  All regressions control for child gender and age, race, gestational age of child, alcohol and tobacco consumption during pregnancy, number of children in household, presence of two parents, cognitive stimulation and emotional support scores, mother's age, urbanicity, year fixed effects, maternal education, maternal depression, and maternal self-esteem.
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