
 

SREE Spring 2013 Conference Abstract Template  

Title: Effects of Head Start hours on children’s cognitive, pre-academic, and behavioral 
outcomes: An instrumental variable analysis 
 
Authors and Affiliations: 
Weilin Li, George Farkas, Greg J. Duncan, Deborah Lowe Vandell 
University of California, Irvine 
 
Margaret Burchinal 
University of North Carolina at Chapel Hill 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 



 

SREE Spring 2013 Conference Abstract Template 1 

Abstract 
 

Background / Context: Children from low-income families benefit remarkably from exposure 
to compensatory education that began with Head Start in 1965 and aimed to improve school 
readiness skills by design (Farran, 2007; Scarr & Weinberg, 1986). While empirical evidence has 
supported more instructional time in elementary and secondary schools for low-income students 
(Abdulkadiroglu, Angrist, Dynarski, Kane, & Pathak, 2011; Angrist, Dynarsky, Kane, Pathak, & 
Walters, 2010; Dobbie & Fryer, 2011; Hoxby, Muraka, & Kang, 2009; Patall, Cooper, & Allen, 
2010), little is known that whether increasing quantity of Head Start could also benefit low-
income children. Also largely unexamined is how Head Start quantity effects differ for different 
age groups.  

 
Research Question: (1) Does the amount of daily exposure to Head Start impact cognitive, pre-
academic, and social outcomes? (2) Does the impact vary by age? 
 
Setting: The HSIS (National Head Start Impact Study) used a nationally representative sample 
of Head Start applicants to estimate the impacts of the program on children and their families 
(Advisory Committee on Head Start Research and Evaluation). 
 
Population / Participants / Subjects: 4,442 applicants to 383 Head Start centers that 
participated in the HSIS. 
 
Intervention / Program / Practice: In 2002, the HSIS randomly assigned 4,442 children who 
had applied to 383 Head Start centers to either treatment group that offered Head Start 
enrollment or control group that was not granted access to the Head Start centers they applied for 
during that academic year.  
 
Research Design: Our goal is to estimate the effect of Head Start hours on child development. 
However, there could be selection bias, i.e. there could be other factors such as unobserved 
family and child characteristics that were both correlated with hours in Head Start centers and 
exert their own effect on child outcomes, leading to selection bias in our estimation of the effect 
of hours in Head Start centers.  

We utilize the variance generated from random assignment and hours offered in Head 
Start centers using instrumental variable approach to address this problem by taking advantage of 
variance in center care hours that was generated by the HSIS random assignment. We conduct 
two-stage least square regression (henceforward IV) by using number of hours per day offered in 
Head Start centers as instrumental variables for the hours per day children spent in Head Start 
centers. We get the following regression equation: 

 . 
This generates predicted values for hours in Head Start centers. In the second stage regression, 
we use predicted values of hours in Head Start centers as an independent variable and child 
outcomes as dependent variable:  

 . 
Because our independent variable of interest is not correlated with any family and child 
characteristics, we obtain the estimated effect of Head Start hours on child outcomes from this 
second stage regression. In other words, we take advantage of the amount of variation in Head 
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Start hours that was generated by hours offered in Head Start centers and estimate the effect of 
hours in Head Start centers on child outcomes. The analysis may not include control variables 
only if the random assignment was implemented perfectly so that the treatment and control 
groups were perfectly equivalent in all child and family characteristics. In this set of analysis, we 
include a set of control variables that we introduced before to adjust for any departures from 
random assignment and to get more precise estimates. 

It could be possible that effects of Head Start hours could be non-linear. Hence we 
include a set of cubic regressions to detect non-linear effects (Marra & Radice, 2011). 
Specifically, the analysis include two stages: 
1st stage regression is  ; 
2nd stage regression is  ,  
where  is the function of cubic regressions and  is the residual from the 1st stage regression 
including all unobservable information in the 1st stage. Residuals from the 1st stage regression  
contain all unobservable information that can be used to obtain corrected parameter estimates of 
the focal variables of cubic function on hours in Head Start centers. In other words,  acts as a 
proxy variable in the 2nd stage regression. 
 
Data Collection and Analysis:  

Hours in Head Start centers. We create a variable of hours per day in Head Start 
centers from parent interview. In Spring 2003, parents reported their children’ care settings and 
number of hours per week that their children spent in settings. For children whose child care 
settings were center care, we divide the original variable of "number of hours per week in 
settings" by 5 to create the variable of hours per day in Head Start centers; for children whose 
child care settings were not center care, we use 0 as their values for this variable.  

Because about 10% of children in the HSIS sample entered Head Start centers after 
taking baseline assessment, we adjust Head Start hours by enrollment time by:  

. 
Hours offered by Head Start centers. We create a variable of hours offered by Head 

Start centers from center director interview. In Spring 2003, directors of Head Start centers 
reported the beginning time and ending time every day in their Head Start centers from Monday 
to Sunday. We calculate our variable of hours offered in Head Start centers from this report. 

Child outcomes. We focus on four child outcomes that were assessed during spring 
2003, roughly one academic year after the experiment began. The first outcome is the Peabody 
Picture Vocabulary Test (henceforward PPVT), third edition (Dunn & Dunn, 1997). The PPVT 
is an untimed test measuring receptive vocabulary. The examiner presents a series of four 
pictures to each child. The examiner states a word describing one of the pictures and asks the 
child to point to the picture that the word describes (reliability = .95). The second outcome is the 
Woodcock-Johnson III Tests of Achievement: Letter-Word Identification (henceforward WJ-
letter word; Woodcock & Johnson, 1989; 1990). The WJ-letter word measures letter and word 
identification skills. The published median reliability of the WJ-letter word is 0.91 in the 5- to 
19-age range. The third outcome is the Woodcock-Johnson III Tests of Achievement: Applied 
Problems (henceforward WJ-applied problems). This test measures the child’s ability to analyze 
and solve practical math problems. To solve the problems that are read by the assessor to the 
child, the child must recognize the procedure to be followed and then count and/or perform 
simple calculations. The published median reliability is 0.92 in the 5-19 age range. And the last 
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outcome is parental reported child behavioral problems (Achenbach, 1987). Parents were asked 
to rate their children on items dealing with aggressive or defiant behavior, inattentive or 
hyperactive behavior and shy, withdrawn, or depressed behavior. For each item, the parent was 
asked to judge whether the behavioral description was “not true”, “sometimes true”, or “very 
true” of the child. This paper derives the total behavior problem scale from parent ratings 
containing 14 rating items, and the total scale score could range from zero (all items marked “not 
true”) to 28 (all items marked “very true”). All of the outcomes used in this paper were normed 
to have mean 0 and standard deviation 1. 

Covariates. We include baseline outcomes that were assessed at fall 2002 in the analysis. 
Other covariates in the analysis were also assessed at fall 2002, including a dummy variable for 
age cohort (1 = age 3 cohort), child gender (1 = male), child race / ethnicity (1 = black, 1 = 
Hispanic, 1 = White and other), whether Spanish was baseline testing language (1 = Spanish), 
child age at Spring assessment in weeks, maternal education (1 = less than high school, 1 = high 
school diploma or GED, 1 = beyond high school), whether the mother was married (1 = married 
mother), whether the mother was teenager (1 = teenager mother), whether biological parents 
lived together (1 = live together), whether the mother was a recent immigrant (1 = immigrant 
mother), and caregiver age. 

Imputation and weights. We conduct single imputation on missing observations for 
academic achievement at Fall 2002 and for Head Start hours (offered and taken) between Fall 
2002 and Spring 2003 using predictive mean matching method. Then we conduct our analysis 
using the spring 2003 final child weights (CHSPR2003WTCA). 
 
Findings / Results: Tables 1 present weighted, post-imputation descriptive statistics by age 
cohorts. The columns show means and standard deviations for each cohort group. On average, 
children spent about 2 to 3 hours per day in Head Start centers. 

[Insert Table 1 here] 
Figure 1 presents histograms for Head Start hours by cohort. For both cohorts, time in 

Head Start centers ranged from 0 to 8 hours per day.  
[Insert Figure 1 here] 

Table 2 shows OLS and IV estimates for effects of Head Start hours on child outcomes. 
The first-stage regression includes hours offered in Head Start centers, center dummies, and the 
set of covariates. The F-statistics of hours offered in Head Start centers were above 600, which 
ensure sufficient variance of hours spent in Head Start that are generated by hours offered in 
Head Start centers.  

[Insert Table 2 here] 
 PPVT. The first column of Table 2 shows estimates for effects Head Start hours on 

PPVT scores. It shows that IV generated higher standard errors than the OLS. The IV results 
indicate that for the full sample of both cohorts, an additional hour per day spent in Head Start 
centers increased PPVT scores by .062 SD (se = .011; p < .001). For the age-3 cohort, an 
additional hour per day spent in Head Start centers increased PPVT scores by .064 SD  (se = 
.015; p < .001). This effect is similar to that for the age-4 cohort, whose magnitude is .045 SD 
(se = .017; p < .001). Joint test showed that differential effects between age-3 cohort and age-4 
cohort are not statistically significant. 

WJ-letter words. Column 2 of Table 2 shows estimates for effect of hours per day spent 
in Head Start centers on WJ-letter words. The IV results indicate that for the whole sample of 
both cohorts, an additional hour per day spent in Head Start centers increased WJ-letter words 
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scores by .086 SD (se = .014; p < .001). This effect is significantly larger for the age-3 cohort 
than for the age-4 cohort (p < .05).  

WJ-applied problems. The third column displays effect estimates for hours per day 
spent in Head Start centers on WJ-applied problems. It shows that an additional hour per day 
spent in Head Start centers increases WJ-applied problems scores by .046 SD for the 
cohorts combined (se = .013; p < .001).  The estimated effect is .042 SD for the age-3 cohort (se 
= .016; p < .001), and .057 SD for the age-4 cohort (se = .023; p < .001). Joint test showed that 
differential effects between age-3 cohort and age-4 cohort are statistically significant (p < .05). 

Behavioral problems. The last column shows effect estimates of hours in center care on 
behavioral problems. The IV results show that an additional hour per day spent in Head Start 
centers decreases problem behaviors of children in age-3 cohort by .052 SD (se = .015; p < .001). 
Results do not show significant effects for behavioral problems of age-4 cohort. Joint test 
showed that differential effects between age-3 cohort and age-4 cohort are statistically significant 
(p < .01). 

Non-linear effects. Table 3.1 and 3.2 display OLS and IV estimate for non-linear effects 
of Head Start hours on child outcomes. Significant results from IV approach were only found for 
outcome of WJ letter-word for age-3 and age-4 cohort. And it’s surprising that, age-3 and age-4 
cohorts that show similar patterns in the linear effects are different in non-linear effects.  

[Insert Table 3.1 here] 
[Insert Table 3.2 here] 

 Figure 2 provides predicted values from both linear and non-linear estimates. Left figures 
show comparison of predicted values from linear and non-linear estimates. And right figures 
show “zoom-in” details of predicted values from non-linear estimates with 95% confidence 
intervals. 

Comparison between Figure 2a and 2b shows different pattern in Head Start hours’ 
effects for age-3 cohort and for age-4 cohort. For age-3 cohort, WJ Letter-word went up quickly 
at the first 2 hours then went flat; while for age-4 cohort,t he score was flat at the first several 
hours then went up after 2 to 3 hours/day.  

[Insert Figure 2 here] 
 
Conclusions: Our results showed significant positive effects of hours in center care experienced 
on the child’s cognitive, language, and academic outcomes. These results were consistent with 
Loeb et al. (2007) that showed significant positive effects of center care quantity on child 
outcomes. These results indicate that center-based education serves as a protective factor for the 
cognitive, language, and academic development of economically disadvantaged children. 
Therefore, findings support a strategy of increasing hours that children spend in center-based 
education.  

In addition, we found significant effects of center care hours on maternal reported 
problem behaviors only for age-3 cohort. This, together with different patterns in non-linear 
effects for age-3 and age-4 cohorts on WJ Letter-word, suggests future exploration on 
heterogeneity treatment effects on children with varied level of sustained attention or 
temperament (e.g. shyness) that was suggested in Megan Gunnar’s work about cortisol 
differences associated with child care hours and moderated by child age, temperament, and child 
care quality.
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Appendix B. Tables and Figures 
 
Table 1. Descriptive statistics, weighted, after imputation. 

  
Both cohorts Age 3 cohort Age 4 cohort 

  
Mean SD 

Imputed 
counts Mean SD Mean SD 

Child characteristics - Baseline (Fall 2002) 
   Age 3 cohort 54.6%   

     Gender - male 49.1%   
 

48.0%   50.4%   
Race 

       
 

Black 30.4%   
 

34.3%   25.6%   

 
Hispanic 36.2%   

 
32.9%   40.2%   

 
White & Other 33.4% 

  
32.8% 

 
34.2% 

 Spanish as baseline test language 23.5%   
 

19.4%   28.3%   
Age at spring assessment in weeks 236.29 29.78 

 
214.77 17.52 262.14 18.94 

Family characteristics - Baseline (Fall 2002) 
   Maternal education 

       
 

Less than high school 37.1%   
 

34.2%   40.6%   

 
High school diploma / GED 29.2%   

 
31.2%   26.8%   

 
Beyond high school 33.7% 

  
34.6% 

 
32.6% 

 Married mother 45.3%   
 

45.3%   45.3%   
Teenage mother 14.5%   

 
13.7%   15.5%   

Parents lived together 50.8%   
 

50.3%   51.3%   
Immigrant mother 18.4%   

 
15.2%   22.2%   

Caregiver age 29.2 7.21 
 

29.13 7.37 29.28 7.02 
Academic achievement - Baseline (Fall 2002) 

   PPVT 91.52 8.9 55 91.79 7.56 91.2 10.27 
WJ Letter words 90.23 11.4 321 90.97 11.61 89.34 11.09 
WJ Applied problems 93.07 13 359 93.28 13.51 92.81 12.34 
Behavioral problems 6.05 3.63 

 
6.05 3.58 6.05 3.68 

Head Start hours (Fall 2002 - Spring 2003) 
   Hours offered in Head Start centers 4.64 5.04 467 4.46 4.86 4.85 5.24 

Hours spent in Head Start centers 1.83 2.07 98 2.00 2.17 1.63 1.93 
Academic achievement – One year follow-up (Spring 2003) 

   PPVT 92.09 9.53 
 

92.32 8.44 91.81 10.68 
WJ Letter words 89.69 13.02 

 
90.05 12.66 89.26 13.44 

WJ Applied problems 93.84 13.05 
 

94.1 13.53 93.53 12.45 
Behavioral problems 5.84 3.63 

 
5.99 3.66 5.66 3.59 

Sample size 3540 
 

   1693 1577 
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Table 2. OLS and IV estimates of effects of Head Start hours on child outcomes. 

  
PPVT 

WJ 
Letter-word 

WJ Applied 
Problems 

Behavioral 
Problems 

Both cohorts OLS β .028 *** .062 *** .035 *** -.029 *** 

  
(se) (.007) 

 
(.009) 

 
(.008) 

 
(.008) 

   Controls Included Included Included Included 
  R2 .59 .47 .45 .41 
 2SLS β .062 *** .086 *** .046 *** -.042 *** 
  (se) (.011)  (.014)  (.013)  (.013)  
  Controls Included Included Included Included 
  1st stage F 1794 1799 1796 1795 
Age 3 cohort 

 
β .025 ** .067 *** .036 *** -.029 *** 

  
(se) (.009) 

 
(.011) 

 
(.009) 

 
(.010) 

   Controls Included Included Included Included 
  R2 .56 .49 .51 .47 
 2SLS β .064 *** .097 *** .042 *** -.052 *** 
  (se) (.015)  (.017)  (.016)  (.015)  
  Controls Included Included Included Included 
  1st stage F 1018 1014 1005 1019 
Age 4 cohort 

 
β .025 ** .056 *** .030 + -.033 * 

  
(se) (.009) 

 
(.012) 

 
(.016) 

 
(.013) 

   Controls Included Included Included Included 
  R2 .73 .55 .54 .47 
 2SLS β .045 *** .069 *** .057 *** -.026  
  (se) (.017)  (.022)  (.023)  (.020)  
  Controls Included Included Included Included 
  1st stage F 689 687 679 683 
 
Notes: + p < .1. * p < .05. ** p < .01. *** p < .001. Control variables included in regressions are: child gender, 
race/ethnicity, baseline testing language, child age, maternal education level, whether the mother was married, 
whether the mother was teenager, whether parents lived together, whether the mother was recently immigrant, 
caregiver age, and baseline outcomes assessed at Fall, 2002. Spring 2003 final child weights were used in analyses. 
Higher scores in cognitive outcomes and academic achievement indicate better outcomes; higher scores in 
behavioral outcomes indicate more negative development. Clustered standard errors were calculated using pairs 
cluster bootstrap (Cameron, Gelbach, & Miller, 2008) at center level with 600 replicates. 
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Table 3.1. OLS estimates of non-linear effects of Head Start hours on child outcomes 

   
PPVT 

WJ 
Letter-word 

WJ Applied 
Problems 

Behavioral 
Problems 

Both cohorts Hr/d β .160 * .065     .002     -.088   

  
(se) (.071)   (.083)   (.071)   (.088) 

 
 

Hr/d 2 β -.066 + -.013    .012     .009    

  
(se) (.035)   (.042)   (.036)   (.042) 

 
 

Hr/d 3 β .008 + .003     -.001    .001    

  
(se) (.004)   (.005)   (.004)   (.005) 

  Controls Included Included Included Included 
 R2 .59 .47 .46 .41 
Age 3 cohort Hr/d β .258 * .349 *** -.057    -.237 * 

  
(se) (.120)    (.108)   (.114)   (.103) 

 
 

Hr/d 2 β -.117 * -.140 ** .029     .073    

  
(se) (.057)   (.053)   (.055)   (.051) 

 
 

Hr/d 3 β .014 * .017 ** -.001    -.006   

  
(se) (.007)   (.006)   (.006)   (.006) 

  Controls Included Included Included Included 
 R2 .56 .49 .51 .48 
Age 4 cohort Hr/d β .006     -.281 * .005     .006    

  
(se) (.085)   (.116)   (.117)   (.132) 

 
 

Hr/d 2 β .017     .166 *** .019     -.014   

  
(se) (.044)   (.057)   (.058)   (.063) 

 
 

Hr/d 3 β -.003    -.019 *** -.003    .001    

  
(se) (.005)   (.007)   (.007)   (.007) 

  Controls Included Included Included Included 
 R2 .73 .56 .54 .47 
 
Notes: + p < .1. * p < .05. ** p < .01. *** p < .001. Samples are restricted to less than 6 hours per day. Control 
variables included in regressions are: child gender, race/ethnicity, baseline testing language, child age, maternal 
education level, whether the mother was married, whether the mother was teenager, whether parents lived together, 
whether the mother was recently immigrant, caregiver age, and baseline outcomes assessed at Fall, 2002. Spring 
2003 final child weights were used in analyses. Higher scores in cognitive outcomes and academic achievement 
indicate better outcomes; higher scores in behavioral outcomes indicate more negative development. Clustered 
standard errors were calculated using pairs cluster bootstrap (Cameron, Gelbach, & Miller, 2008) at center level with 
600 replicates. 
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Table 3.2. IV estimates of non-linear effects of Head Start hours on child outcomes 

   
PPVT 

WJ 
Letter-word 

WJ Applied 
Problems 

Behavioral 
Problems 

Both cohorts Hr/d β .122 + .032     -.011    -.079   

  
(se) (.068)   (.084)   (.070)    (.090)   

 
Hr/d 2 β -.038    .012     .021     .003    

  
(se) (.034)   (.044)   (.036)   (.044) 

 
 

Hr/d 3 β .005     .000         -.001    .001    

  
(se) (.004)   (.005)   (.004)   (.005) 

  Controls Included Included Included Included 
Age 3 cohort Hr/d β .190      .311 *** -.072    -.209 + 

  
(se) (.126)   (.110)    (.123)   (.110)   

 
Hr/d 2 β -.076    -.117 * .038     .057    

  
(se) (.061)   (.055)   (.061)   (.055) 

 
 

Hr/d 3 β .010      .014 * -.002    -.004   

  
(se) (.007)   (.006)   (.007)   (.006) 

  Controls Included Included Included Included 
Age 4 cohort Hr/d β -.009    -.301 * -.015    .003    

  
(se) (.085)   (.118)   (.122)   (.124) 

 
 

Hr/d 2 β .030      .185 *** .037     -.012   

  
(se) (.044)   (.057)   (.062)   (.059) 

 
 

Hr/d 3 β -.004    -.021 *** -.004    .001    

  
(se) (.005)   (.007)   (.007)   (.007) 

  Controls Included Included Included Included 
 
Notes: + p < .1. * p < .05. ** p < .01. *** p < .001. Samples are restricted to less than 6 hours per day. Control 
variables included in regressions are: child gender, race/ethnicity, baseline testing language, child age, maternal 
education level, whether the mother was married, whether the mother was teenager, whether parents lived together, 
whether the mother was recently immigrant, caregiver age, and baseline outcomes assessed at Fall, 2002. Spring 
2003 final child weights were used in analyses. Higher scores in cognitive outcomes and academic achievement 
indicate better outcomes; higher scores in behavioral outcomes indicate more negative development. Clustered 
standard errors were calculated using pairs cluster bootstrap (Cameron, Gelbach, & Miller, 2008) at center level with 
600 replicates. 
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Figure 1. Histograms of hours spent in Head Start centers. 
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Figure 2a. Linear and non-linear effects of Head Start hours from Instrumental Variable approach: Age 3 cohort. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2b. Linear and non-linear effects of Head Start hours from Instrumental Variable approach: Age 4 cohort. 
 
 
 
 


