
Klein, S. P. and Freedman, D. A. (1993), "Ecological regression in voting rights cases" Chance, 6, 38-43.

Additional Resources
Aggregation bias, Ecological fallacy.
D.A. Freedman. "The ecological fallacy." In the Encyclopedia of Social Science Research Methods. Sage Publications (2004) Vol. 1 p. 293. M. Lewis-Beck, A. Bryman,
and T. F. Liao, eds
A Rule for Inferring Individual-Level Relationships from Aggregate Data, Glenn Firebaugh American Sociological Review Vol. 43, No. 4 (Aug., 1978), pp. 557-572   JStor
URL
American Journal of Epidemiology Vol. 139, No. 8: 747-760 Invited Commentary: Ecologic Studies -- Biases, Misconceptions, and Counterexamples S Greenland, J
Robins
The (mis)estimation of neighborhood effects: causal inference for a practicable social epidemiology J. Michael Oakes Social Science and Medicine 58 (2004) 1929�1952
R-package eiPack: R x C Ecological Inference and Higher-Dimension Data Management.  R News Oct 2007  
Educational multilevel data. 
The Analysis of Multilevel Data in Educational Research and Evaluation Leigh Burstein Review of Research in Education, Vol. 8. (1980), pp. 158-233. Jstor link 
Methodological Advances in Analyzing the Effects of Schools and Classrooms on Student Learning, Stephen W. Raudenbush; Anthony S. Bryk Review of Research in
Education, Vol. 15. (1988 - 1989), pp. 423-475. Jstor link
Analyzing Multilevel Data in the Presence of Heterogeneous within-Class Regressions Leigh Burstein; Robert L. Linn; Frank J. Capell    Journal of Educational Statistics,
Vol. 3, No. 4. (Winter, 1978), pp. 347-383. Jstor link
examples from analyses of voting data.
Bias in ecological regression   Stephen Ansolabehere and Douglas Rivers
David A. Freedman et al., "Ecological Regression and Voting Rights," Evaluation Review 1991, pp. 673-711, 
D.A. Freedman, S.P. Klein, M. Ostland, and M.R. Roberts. "Review of 'A Solution to the Ecological Inference Problem.' " Journal of the American Statistical Association,
vol. 93 (1998) pp. 1518-22; with discussion, vol. 94 (1999) pp. 352�57.
Multilevel models.
Using SAS PROC mixed:   
Judith Singer HLM/PROC Mixed papers: Multilevel Modelling Newsletter ; JEBS1998 Using SAS PROC MIXED to Fit Multilevel Models, Jstor
HLM - Hierarchical Linear and Nonlinear Modeling (HLM): descriptions and student edition HLM6
Freedman, D. A. (census adjustments). Hierarchical Linear Regression
Using R: lme4 (lmer and nlme) and mlmRev.    John Fox lme tutorial 
Doug Bates draft book (Feb 2010)     Doug Bates SASmixed package   
Fitting linear mixed models in R Using the lme4 package Douglas Bates (pp.27-30)
London exam data example in Examples from Multilevel Software Comparative Reviews Douglas Bates
Regression diagnostics for lmer models. Package influence.ME   
mlmRev data examples. Also, Tennessee's Student Teacher Achievement Ratio (STAR) from Creating an R data set from STAR Douglas Bates
STATA does it also
lmer for SAS PROC MIXED Users Douglas Bates Department of Statistics University of Wisconsin Madison 

2.  Reciprocal Causal Effects and non-recursive models in Observational Studies

Lecture topics
1. Cross-sectional Data: Simultaneous equations (2SLS, IV in butter, peer aspirations, ed and fertility, Freedman), nonrecursive models
     Simultaneous equations handouts     Duncan et al ascii
2. Reciprocal effects and non-recursive models in longitudinal data.
      Empirical research on reciprocal effects, including cross-lagged correlation. clc slides

Primary Readings
An (old) review of reciprocal effects. Rogosa, D. R. (1985). Analysis of reciprocal effects. In International Encyclopedia of Education, T. Husen and N. Postlethwaite, Eds.
London: Pergamon Press, 4221-4225. (reprinted in Educational Research,Methodology & Measurement: An international handbook, J. P. Keeves Ed. Oxford: Pergamon
Press, 1988.)

Reciprocal Effects Examples
Michelob ULTRA® Super Bowl LV Spot Online. Are You Happy Because You Win? Or Do You Win Because You're Happy?
      Screen time rots kids minds. 
Fox17 Nashville:     Increased screen time in young children associated with developmental delays 
Publication:   Association Between Screen Time and Children's Performance on a Developmental Screening Test   JAMA Pediatr. Published online January 28, 2019.
doi:10.1001/jamapediatrics.2018.5056 
     Internet use and depression
Study links excessive internet use to depression   Publication: The Relationship between Excessive Internet Use and Depression: A Questionnaire-Based Study of 1,319
Young People and Adults. Catriona M. Morrison, Helen Gore Psychopathology 2010;43:121-126 . available from Lane e-journals
     Peer Influences
Peer Influences on Aspirations: A Reinterpretation Otis Dudley Duncan, Archibald O. Haller, Alejandro Portes American Journal of Sociology, Vol. 74, No. 2 (Sep., 1968),
pp. 119-137   Jstor
     Education and Fertility
Rindfus example (Freedman Chap 8; paper reprinted in Freedman text). Education and Fertility: Implications for the Roles Women Occupy Ronald R. Rindfuss; Larry
Bumpass; Craig St. John American Sociological Review, Vol. 45, No. 3. (Jun., 1980), pp. 431-447.   from Jstor
     Longitudinal Data: original TV Violence and Agression
Eron LD, Huesmann LR, Lefkowitz MM, Walder LO. Does television violence cause aggression? Am Psychol. 1972;27:253–63. PubMed
     Money Supply
Granger Causality. Nobel 2003. Complete Granger
Relationships--and the Lack Thereof--Between Economic Time Series, with Special Reference to Money and Interest Rates. David A. Pierce Journal of the American
Statistical Association, Vol. 72, No. 357. (Mar., 1977), pp. 11-26. Jstor

Additional Resources
Reciprocal effects: Rogosa, D. R. (1980). A critique of cross-lagged correlation. Psychological Bulletin, 88, 245-258. APA site version
Structural Equation Modeling With the sem Package in R John Fox STRUCTURAL EQUATION MODELING,13(3),465�486     Jox Fox home page

https://www.tandfonline.com/doi/abs/10.1080/09332480.1993.10542376
http://www.stat.berkeley.edu/~census/ecofall.txt
http://links.jstor.org/sici?sici=0003-1224%28197808%2943%3A4%3C557%3AARFIIR%3E2.0.CO%3B2-O
http://aje.oxfordjournals.org/cgi/content/abstract/139/8/747?ijkey=34cf924a9cb40bb56c162bfeff792a04e555d506&keytype2=tf_ipsecsha
http://www.jhsph.edu/bin/s/e/Oakes2004.pdf
http://cran.r-project.org/doc/Rnews/Rnews_2007-2.pdf
http://links.jstor.org/sici?sici=0091-732X%281980%298%3C158%3ATAOMDI%3E2.0.CO%3B2-6
http://links.jstor.org/sici?sici=0091-732X%281988%2F1989%2915%3C423%3AMAIATE%3E2.0.CO%3B2-T
http://links.jstor.org/sici?sici=0362-9791%28197824%293%3A4%3C347%3AAMDITP%3E2.0.CO%3B2-9
http://www.stanford.edu/class/polisci353/2004spring/reading/erbias.pdf
http://www.stat.berkeley.edu/~census/515.pdf
http://www-stat.stanford.edu/~rag/ed260/hlmnewsletter10-2.pdf
http://links.jstor.org/sici?sici=1076-9986%28199824%2923%3A4%3C323%3AUSPMTF%3E2.0.CO%3B2-2
http://www.ssicentral.com/hlm/index.html
http://www.stat.berkeley.edu/~census/goldbug.pdf
http://cran.r-project.org/web/packages/lme4/lme4.pdf
http://cran.r-project.org/web/packages/mlmRev/mlmRev.pdf
http://socserv.mcmaster.ca/jfox/Books/Companion-1E/appendix-mixed-models.pdf
http://lme4.r-forge.r-project.org/book/
http://cran.r-project.org/web/packages/SASmixed/SASmixed.pdf
http://cran.r-project.org/doc/Rnews/Rnews_2005-1.pdf
http://cran.r-project.org/web/packages/mlmRev/vignettes/MlmSoftRev.pdf
http://cran.r-project.org/web/packages/influence.ME/influence.ME.pdf
http://cran.r-project.org/web/packages/mlmRev/mlmRev.pdf
http://rss.acs.unt.edu/Rdoc/library/mlmRev/doc/StarData.pdf
http://www.stata.com/capabilities/mixed.html
http://cran.r-project.org/web/packages/SASmixed/vignettes/Usinglmer.pdf
http://web.stanford.edu/~rag/stat209/reciphnd.pdf
http://statweb.stanford.edu/~rag/stat209/duncanhnd
http://statweb.stanford.edu/~rag/stat209/clcslides.pdf
http://statweb.stanford.edu/~rag/stat222/recipdrr.pdf
https://www.google.com/aclk?sa=l&ai=DChcSEwiD_IPlieruAhU29uMHHaD8DC8YABAAGgJ5bQ&ae=2&sig=AOD64_2LaPo5amBkXNjvWGqk-WHhHLIepQ&q&adurl&ved=2ahUKEwjJ5fjkieruAhXXi54KHSw_C4AQ0Qx6BAgUEAE
https://fox17.com/news/local/study-increased-screen-time-in-young-children-associated-with-developmental-delays
https://jamanetwork.com/journals/jamapediatrics/fullarticle/2722666
http://www.ibtimes.com/articles/20100202/study-links-excessive-internet-use-to-depression.htm
http://lane.stanford.edu/online/ejbrowse.html?a=p
http://www.jstor.org/stable/2775916
http://links.jstor.org/sici?sici=0003-1224%28198006%2945%3A3%3C431%3AEAFIFT%3E2.0.CO%3B2-Z
https://deepblue.lib.umich.edu/bitstream/handle/2027.42/83368/1972.Eron_etal.DoesTelevisionViolenceCauseAggression.AmPsychol.pdf?sequence=1
https://pubmed.ncbi.nlm.nih.gov/5015586/
https://www.nobelprize.org/prizes/economic-sciences/2003/granger/lecture/
http://assets.cambridge.org/052177/2974/sample/0521772974ws.pdf
http://links.jstor.org/sici?sici=0162-1459%28197703%2972%3A357%3C11%3ARTLTET%3E2.0.CO%3B2-O
http://statweb.stanford.edu/~rag/stat209/clc.pdf
http://psycnet.apa.org.laneproxy.stanford.edu/journals/bul/88/2/245.pdf
https://socialsciences.mcmaster.ca/jfox/Courses/R/IQSBarcelona/index.html
http://socserv.mcmaster.ca/jfox/
rag
Rectangle

rag
Line

rag
Oval

rag
Highlight

rag
Highlight

rag
Highlight

rag
Highlight

rag
Highlight

rag
Highlight

rag
Highlight

rag
Highlight



Longitudinal 
data

Administrator
Line

Administrator
Line

Administrator
Line

Administrator
Line

Administrator
Line

Administrator
Line

Administrator
Rectangle

rag
Line

rag
Line

rag
Highlight



rag
Pencil

rag
Pencil

rag
Pencil



HOME FINANCE TECH INDUSTRIES EQUITIES TRAVEL REAL ESTATE JOBS AUTOS LIFE & STYLE HEALTH  INTL EDITION

QUICK LINK : MARKET DATA  | FOREX CENTER  | COMMODITIES  | BROKER CENTER  | EDUCATION  | E-LIBRARY  | ENTERTAINMENT  | MORE  SHARE IBT  |  SET EDITION

US Edition  |  Wednesday, February 3, 2010 3:23 PM ET

 Tech
Sign In | Register For Free

 

Comments  16 Rating  Great (4)  EMAIL   PRINT   RSS   SHARE  TEXT SIZE: A  A  A

02 February 2010 @ 07:56 pm ET Next Tech Article

 1 of 1  Full Size 

People use computers at an internet cafe in
Taiyuan, Shanxi province, November 13,
2009. REUSTERS/Stringer (REUTERS)

Click!
Rate this article:      EMAIL   PRINT  RSS   SHARE  TEXT SIZE: A  A  A

Comments

1. mehh
Feb 3, 2010
10:17am

it doesn't make any sense.. maybe the one who has no friends will use internet for the

whole day..

2. sleep
Feb 3, 2010
12:05pm

@mehh: It does make sense. I'm a self-professed internet addict. Over the past two

years  the internet has all but completely replaced ordinary social interaction for me  I

LONDON - People who spend a lot of time surfing the internet are more likely to show signs of
depression, British scientists said on Wednesday.

But it is not clear whether the internet causes depression or
whether depressed people are drawn to it.

Psychologists from Leeds University found what they said was
"striking" evidence that some avid net users develop compulsive
internet habits in which they replace real-life social interaction with
online chat rooms and social networking sites.

"This study reinforces the public speculation that over-engaging in
websites that serve to replace normal social function might be
linked to psychological disorders like depression and addiction,"
the study's lead author, Catriona Morrison, wrote in the journal

Psychopathology.

"This type of addictive surfing can have a serious impact on mental health."

In the first large-scale study of Western young people to look at this issue, the researchers analyzed
internet use and depression levels of 1,319 Britons aged between 16 and 51.

Of these, 1.2 percent were "internet addicted", they concluded.

These "internet addicts" spent proportionately more time browsing sexually gratifying websites, online
gaming sites and online communities, Morrison said. They also had a higher incidence of moderate to
severe depression than normal users.

"Excessive internet use is associated with depression, but what we don't know is which comes first -- are
depressed people drawn to the internet or does the internet cause depression?," Morrison said.

"What is clear is that for a small subset of people, excessive use of the internet could be a warning signal
for depressive tendencies."

Morrison noted that while the 1.2 percent figure for those classed as "addicts" was small, it was larger
than the incidence of gambling in Britain, which is around 0.6 percent. (Reporting by Kate Kelland. Editing
by Paul Casciato)

Next Article: Microsoft's Bing will make money: executive

Copyright 2009 Thomson Reuters. All rights reserved.

Iran students hold anti-government
protest: website
Students demonstrated at Tehran University against the
government of President Mahmoud Ahmadinejad on
Monday, a reformist website reported, more than thr...

Opera urges EU regulators not to rush
Microsoft case
Norwegian browser maker Opera urged European Union
antitrust regulators on Monday not to rush to close its
antitrust case against Microsoft before ensuri...

Apple Breaks Through 2 Billion Apps Mark
Apple announced Monday that over 2 billion apps have
been downloaded from its App Store since the
e-commerce site's launch in July 2008, and the pace
"co...
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 IA and Depression  Psychopathology 2010;43:121–126 125

 table 3 . These data back up the evidence from the correla-
tion matrix, showing that the IA group spent significant-
ly more time on sexually gratifying sites, gaming sites, 
chat sites, browsing and community sites. The activities 
for which the NA group had a preference did not differ 
significantly, indicating that the NA group have a more 
even spread of activities.

  Discussion

  In summary, we found a clear link between IA and 
depression, such that those whom we classed as addicted 
were significantly more depressed than those in the NA 
group. Hence we have identified a statistically significant 
relationship between IA and depression. What is not clear 
from these data is which comes first: are depressed people 
drawn to the Internet, or does excessive Internet use 

make one more prone to depression? This needs further 
work in the future, but it is clear that, for a small subgroup 
of the population, excessive use of the Internet is a warn-
ing signal of depressive tendencies. However, in line with 
previous studies, this subgroup represents  ! 2% of the 
population. This is the figure typically reported in the 
literature, and it is higher than the incidence of gambling 
in the UK, which stands at around 0.6%  [16] . 

  When considering the functions of the Internet, the 
important point to note is that there was a significant dif-
ference between the groups in terms of sexually gratify-
ing websites, online games and chat/community sites, 
such that the IA group engaged significantly more in 
these sites than did the NA group. This accords with re-
cent evidence suggesting that those prone to dependence 
on the Internet are drawn to sites that involve these 3 
types of activities  [2] . This feeds the public speculation 
that overengagement in websites that serve/replace a so-

  Table 3.  Comparison of proportion of time spent on different Internet activities for IA and NA groups

 NA group  IA group  Summary statistics 

 MS  F p 

 Sexually gratifying sites
 

 1.36 (0.169)
  0.99–1.72 

 3.33 (0.513)
  2.23–4.43 

 28.28  (1, 27) = 12.611 0.001 

 Games
 

 2.07 (0.474)
  1.05–3.10 

 4.00 (0.412)
  3.13–4.87 

 29.290  (1, 30) = 9.456  <0.005 

 Chat
 

 2.13 (0.487)
  1.09–3.18 

 4.13 (0.496)
  3.07–5.20 

 30.000  (1, 28) = 8.279  <0.01 

 Browsing
 

 2.56 (0.353)
  1.81–3.32 

 3.72 (0.360)
  2.96–4.48 

 11.393  (1, 32) = 5.242  <0.05 

 Community
 

 2.94 (0.431)
  2.03–3.85 

 4.24 (0.442)
  3.30–5.17 

 14.568  (1, 33) = 4.37  <0.05 

 E-mail
 

 2.27 (0.419)
  1.37–3.17 

 1.78 (0.275)
  1.20–2.36 

1.956  (1, 31) = 1.01  >0.1 

 Research
 

2.5 (0.303)
  1.85–3.15 

 2.13 (0.424)
  1.22–3.04 

1.041  (1, 29) = 0.505  >0.1 

 Gambling
 

1.0 (0.000)
  1.00–1.00 

 1.45 (0.455)
  0.44–2.47 

1.082  (1, 19) = 0.905  >0.1 

 eBay/shopping
 

 1.12 (0.081)
  0.95–1.29 

 1.07 (0.067)
  0.92–1.21 

0.021  (1, 30) = 0.23  >0.1 

 Other
 

 1.67 (0.333)
  0.93–2.40 

 2.50 (0.562)
  1.29–3.71 

4.487  (1, 24) = 1.492  >0.1 

 Values in the NA and IA group columns are means (SEs in parentheses), on a scale of 1 = rarely/never to
6 = very frequently. Confidence intervals are listed beneath means and SEs. 
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Regression Analysis Tutorial 230

Econometrics Laboratory � University of California at Berkeley � 23-27 March 1998

MOU � � (price) � (Nemply) � �

Price � � (MOU) � (region dum.) � µ

.
.

.
.

.
.

. .
.
. .

.

MOU

Price

OLS

true

Demand

Example 2

Price elasticity of telecommunications demand:

�  and  µ  are correlated.

Problem: Because  µ  is correlated with  � ,  and  µ  affects
price, price is correlated with  � .
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are y_2 , u_1 correlated? bias, see handout

Cross-sectional Data
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simultaneous eqs, tsls, for tues
Fox 1979 Soc Meth (link)
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Analysis on handout "C"
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effects are lagged, no simultaneous feedback
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Association Between Screen Time and Children’s
Performance on a Developmental Screening Test
Sheri Madigan, PhD; Dillon Browne, PhD; Nicole Racine, PhD; Camille Mori, BA; Suzanne Tough, PhD

B y school entry, 1 in 4 children shows deficits and de-
lays in developmental outcomes such as language,
communication, motor skills, and/or socioemotional

health.1,2 Thus, many children are beginning school inad-
equately prepared for learning and academic success. Gaps in
development tend to widen vs shrink over time without
intervention,3 creating a burden on education and health
systems in the form of greater government and public expen-
ditures for remediation and special education.4,5 Conse-
quently, there have been efforts to identify factors, including
children’s screen time,6 that may create or exacerbate dispari-
ties in early child development.

Digital media and screens are now ubiquitous in the lives of
children. Approximately 98% of US children aged 0 to 8 years live
in a home with an internet-connected device and, on average,
spend over 2 hours a day on screens.7 This amount exceeds the
recommended pediatric guideline that children spend no more
than 1 hour per day viewing high-quality programming.8,9 Al-
though some benefits of high-quality and interactive screen time
have been identified,10-13 excessive screen time has been asso-
ciatedwithanumberofdeleteriousphysical,behavioral,andcog-
nitive outcomes.14-21 While it is possible that screen time inter-
fereswithopportunitiesforlearningandgrowth,it isalsopossible
that children with delays receive more screen time to help modu-

IMPORTANCE Excessive screen time is associated with delays in development; however, it is
unclear if greater screen time predicts lower performance scores on developmental screening
tests or if children with poor developmental performance receive added screen time as a way
to modulate challenging behavior.

OBJECTIVE To assess the directional association between screen time and child development
in a population of mothers and children.

DESIGN, SETTING, AND PARTICIPANTS This longitudinal cohort study used a 3-wave,
cross-lagged panel model in 2441 mothers and children in Calgary, Alberta, Canada, drawn
from the All Our Families study. Data were available when children were aged 24, 36, and 60
months. Data were collected between October 20, 2011, and October 6, 2016. Statistical
analyses were conducted from July 31 to November 15, 2018.

EXPOSURES Media.

MAIN OUTCOMES AND MEASURES At age 24, 36, and 60 months, children’s screen-time
behavior (total hours per week) and developmental outcomes (Ages and Stages
Questionnaire, Third Edition) were assessed via maternal report.

RESULTS Of the 2441 children included in the analysis, 1169 (47.9%) were boys.
A random-intercepts, cross-lagged panel model revealed that higher levels of screen time at
24 and 36 months were significantly associated with poorer performance on developmental
screening tests at 36 months (β, −0.08; 95% CI, −0.13 to −0.02) and 60 months (β, −0.06;
95% CI, −0.13 to −0.02), respectively. These within-person (time-varying) associations
statistically controlled for between-person (stable) differences.

CONCLUSIONS AND RELEVANCE The results of this study support the directional association
between screen time and child development. Recommendations include encouraging family
media plans, as well as managing screen time, to offset the potential consequences of excess
use.

JAMA Pediatr. doi:10.1001/jamapediatrics.2018.5056
Published online January 28, 2019.
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age,thanotherchildren.Inaddition,astatisticallysignificantand
negative covariance between the between-person components
suggests that children with higher levels of screen time exhibit
poorer performance on developmental screening tests, on aver-
age, and across all study waves.

In the time-variant component of the model, statistically
significant autocorrelations for every estimated lag indicate sub-
stantial within-person stability in constructs over time. As de-
tailed in the Figure, after accounting for this within-person sta-
bility,thereweresignificantandnegativecross-lagslinkingscreen
time exposure at 24 months with lower scores on developmen-
talscreeningtestsat36months(β,−0.08;95%CI,−0.13to−0.02),
and also with screen time exposure at 36 months associated with
lower scores on developmental screening tests at 60 months
(β, −0.06; 95% CI, −0.13 to −0.02). The obverse direction of lower
scores on developmental screening tests being associated with
higher levels of later screen time was not observed. Also, within-
timecovarianceswerenotsignificant.Takentogether,thesefind-
ings suggest that higher levels of screen exposure relative to a
child’s average level of screen time were associated with signifi-
cantly poorer performance on developmental screening tests at
the next study wave relative to a child’s average level of devel-
opmental milestones but not vice versa.

Between-Person Predictors of Average Screen Time
and Developmental Outcomes
Covariates were treated as predictors in a multivariate regression,
wherebythebetween-personfactorswereregressedontoallvari-
ables simultaneously. The forced entry of all of these covariates
resulted in a poorer-fitting model, although the permission of a

covariance matrix among all covariates yielded a model that
fit moderately well on fit indexes, with the exception of the TLI
(χ2

53 = 521.04; P < .001; RMSEA = 0.06; 95% CI, 0.05-0.06;
TLI = 0.78; SRMR = 0.067). As detailed in Table 2, higher person-
levelmeansontheASQ-3wereobservedforgirlsandwhenmoth-
ers reported lower maternal depression and higher household
income, maternal positivity, levels of child physical activity, child
exposure to reading, and hours of sleep per day. These predic-
torsaccountedfor15%ofthevariance.Lowerperson-levelmeans
ofscreentimewereobservedforgirlsandwhenmothersreported

Table 2. Between-Person Predictors of Average Screen Time
and Developmental Milestones

Predictor

Standardized Estimate (β), 95% (CI)

Developmental Outcomes Screen Time

Child age 0.04 (−0.01 to 0.09) −0.02 (−0.07 to 0.03)

Maternal age 0.00 (−0.06 to 0.07) 0.03 (−0.03 to 0.09)

Female child 0.23 (0.18 to 0.27)a −0.06 (−0.11 to −0.02)a

Income 0.11 (0.06 to 0.16)a −0.10 (−0.15 to −0.04)a

Educational level 0.03 (−0.02 to 0.08) −0.19 (−0.25 to −0.14)a

Physical activity 0.07 (0.01 to 0.12)a −0.01 (−0.07 to 0.04)

Maternal positivity 0.13 (0.08 to 0.18)a −0.03 (−0.08 to 0.02)

Reading to child 0.12 (0.06 to 0.18)a −0.08 (−0.13 to −0.02)a

Maternal depression −0.06 (−0.11 to −0.01)a 0.08 (0.03 to 0.13)a

Sleep (h/night) 0.11 (0.06 to 0.16)a −0.14 (−0.19 to −0.10)a

Child in care 0.02 (−0.03 to 0.06) −0.03 (−0.09 to 0.00)

R2 0.15 (0.12 to 0.19)a 0.12 (0.08 to 0.15)a

a Estimates in which 95% CIs do not include 0.

Figure. Random-Intercepts, Cross-Lagged Panel Model Illustrating Within-Person Association
Between Developmental Outcomes (Ages and Stages Questionnaire, Third Edition [ASQ-3])
and Screen Time (Hours per Week) from Ages 24 to 60 Months, Controlling for Between-Person Differences

ASQ-3
36 mo

ASQ-3
(Stable)

Screens
(Stable)

Screens
36 mo

Screens
24 mo

Screens
60 mo

ASQ-3
24 mo

ASQ-3
60 mo

1.00a1.00a 1.00a

1.00a1.00a 1.00a

–0.18
(–0.35 to –0.01)

–0.08
(–0.13 to –0.02)

–0.01
(–0.07 to 0.05)

–0.06
(–0.13 to –0.02)

–0.13
(–0.28 to 0.02)

0.48
(0.43 to 0.53)

0.44
(0.37 to 0.50)
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(0.36 to 0.57)

–0.03
(–0.10 to 0.03)

–0.09
(–0.24 to 0.06)

–0.03
(–0.09 to 0.03)

Standardized estimates (95% CIs) are
presented. Solid lines represent
estimates where 95% CIs do not
include zero. The central, blue-tinted
part of the model connected by black
solid and dashed lines is the
within-person (dynamic) part,
and the outer, tan-tinted part of the
model connected by gray lines is the
between-person (stable) component.
a Pathways constrained to 1.00

to isolate between-person factor
(n = 2441).
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