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Abstract

Many social scientists hypothesize that the time mothers spend with their

children is crucial for children’s cognitive development.Unlike most stud-

ies that focus on maternal employment effects on children, we estimate direct

causal effects of time-diary measured maternal time using the CDS - PSID

data set. Considering endogeneity and using different instruments, the effect

of an increase of mother’s time associated to a rise in her opportunity cost of

time is an order of magnitude larger than OLS estimates for cognitive tests.

These effects are greater for white children living with college-educated moth-

ers in two-parent households.
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1 Introduction

Does maternal time affect children’s cognitive development? A longstanding and

reasonable hypothesis in social sciences is that mothers have a large influence over

the outcomes of their offspring. In addition to the well-deserved practical and scien-

tific interest on this topic, the recent literature shows that children’s outcomes are, in

turn, key determinants of future adulthood outcomes, including earnings (Danziger

and Waldfogel 2000; Heckman et al. 2006) and health (Currie et al. 2008). Despite

the importance of the time mothers and children spend together, available empirical

evidence about itscausaleffects on children is surprisingly scarce. The main con-

tribution of our paper, then, is to estimate the causal effects of time-diary measured

maternal time-investment on cognitive outcomes using a simple empirical model of

human capital accumulation.

Some of the existing scholarship2 that examines the impact of maternal labor

force participation or hours worked on children’s outcomesinterprets maternal em-

ployment as an indirect measure of maternal time-investment on children. Our

approach differs in three ways from this vast literature. First, since the relationship

between the hours worked and the time mothers devote to theirchildren is weak at

best, we use time-diary data to obtain accurate measures of the time mothers and

children spend together. Even though time-diary data showsthat full-time work-

ing mothers devote slightly less total time to children, most of the maternal time

used at work is offset by housework and leisure (Hill and Stafford 1985; Datcher-

Loury 1988; Sandberg and Hofferth 2001). Second, as described in Section 3,

we find evidence that there is a great deal of heterogeneity inmaternal childcare

time allocations across different demographic groups of mothers. Hence, there is

an important identification issue of the maternal work “treatment” since its impact

could be either generated by changes of quantity or quality of maternal time, or

by heterogeneous responses of children to a change in maternal time-investments.

Third, we estimate a simple theoretical model of human capital to surmount these

issues. Our framework considers that maternal time-investment is endogenously

2See the literature review section for a thorough discussionon this topic
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determined, has a cumulative impact on children outcomes and affects children in

heterogeneous ways.

Several data requirements need to be met to estimate the causal effects of in-

terest in this paper: (1) a longitudinal database with information on children’s out-

comes, (2) reliable records of mother-child shared time, and (3) measures of family

background for a group of individuals over time. The Child Development Supple-

ment (CDS) (waves I, II and III) merged with the Panel Study ofIncome Dynamics

(PSID) provides us with such a special data combination. Using the CDS-PSID

data has many advantages. First, instead of using potentially biased self-reported

and inaccurate maternal time use, we employ the Time Diaries(TD) data to mea-

sure maternal time investments directly. More specifically, the TD data include the

type and duration of various kinds of activities in which mothers and children en-

gage together. Second, we can also examine the causal effects of distinct levels of

maternal involvement (i.e., “active” or directly participating in the activity versus

“passive” or being around during child’s activity). Finally, the PSID contains valu-

able historical and demographic data on mothers (and households) that may also

exert an influence on children’s outcomes, and can, therefore, be used as controls.

We propose a simple framework of human capital accumulationbuilt by mater-

nal time-investment, which implies a theoretical relationship betweenchangesin

outcomes and maternal time-investmentslevels. However, although maternal time

allocation affects children’s outcomes, the causality mayalso run in the opposite

direction. That is, mothers usually devote more time to children whose academic

achievement is low. Hence, inputs are essentially endogenous (Todd and Wolpin

2003; Cunha and Heckman 2008). Given the existing endogeneity, the causal ef-

fects are difficult to estimate. In order to achieve a reasonable external validity

of our results, we estimate our model using several possibleexogenous sources of

maternal time variation in local labor markets: average childcare costs, housekeep-

ing costs, maternal offered wages, and income child subsidies. Next, we estimate

the effect of maternal investment on children’s outcomes using a Fixed-Effects In-

strumental Variables estimation technique. This identification strategy is valid if

the variation of these prices or costs solely affects children through the substitution
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of other time uses (work, housework, leisure) for childcarematernal time, holding

constant family background characteristics.

Our first-step estimates for these instruments are in line with standard time-

allocation theory predictions. Consistent with a prevailing substitution effect, higher

average childcare and housekeeping costs increase the timemothers spend with

their child. However, this effect decreases in child age suggesting a lower marginal

utility of childcare for older children. A higher average offered market wage in gen-

eral decreases maternal childcare time, especially for older children, in line with a

predominant substitution effect. Finally, higher state child subsidies increases time

spent with children with a declining impact in child age. Thelatter can be under-

stood as an income effect response for households with children due to a transfer.

Furthermore, we also take care of the possible weakness of the instruments used

by (1) estimating the model utilizing the Limited Information Maximum Likelihood

(LIML) estimator, substantially less biased than the traditional Two-Stage Least

Squares (Stock et al. 2002), and by (2) reporting the Cragg and Donald (1993)

test for weak instruments as suggested by Stock and Yogo (2005). We interpret

our estimates as a Local Average (marginal) Treatment Effect, that is, the marginal

average impact of a rising maternal time-investment in response to a price increase

in a particular sub-population of children (Imbens and Angrist 1994).

Our findings largely support the hypothesis of endogenous maternal time-investment

allocation because LIML estimates are an order of magnitude, 6-15 times larger,

than OLS for both cognitive tests. Moreover, the results areremarkably similar

for all instrumental variables utilized. By estimating theresults for different sub-

populations, we find that white high-income children livingwith college-educated

mothers in two-parent households benefit the most from the exogenous variation

in maternal time-investment. This suggests that marginal substitution of maternal

time by formal childcare or housekeeping services should bebeneficial in terms of

those outcomes, which is consistent with previous evidence(Brooks-Gunn et al.

2002; Ruhm 2004). A marginal hour worked increase motivatedby a raise of aver-

age offered wages also has a similar detrimental effect. Finally, larger child income

subsidies induce greater maternal time for children, with asimilar positive marginal
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effect. First-stage estimates show that time responses to these changes in price or

in income fade out as children grows older, suggesting that the estimated effects

chiefly capture the outcome responses of young children. Themagnitude of the

effect of increasing total average maternal time by 1% per year is similar to the im-

pact of joint maternal employment and day care placement estimated by Bernal and

Keane (2010, 2011). While the effects of active maternal time are significant and

much higher than OLS, their magnitude is lower than the one estimated for total

maternal time-investment.

Findings from this study have policy implications. First, regulations affecting

key prices and incentives for mothers should consider the implicit costs of maternal

time allocation on the child’s cognitive outcomes. Second,schools need to con-

sider the compensatory and complimentary efforts of families in producing higher

cognitive achievement. Educational policies should explicitly consider the role of

mothers and household socioeconomic conditions in children’s skill formation pro-

cess.

The rest of the paper is organized as usual. Section 2 discusses the related litera-

ture. We describe the databases and present some descriptive statistics, emphasizing

the weak connection between maternal employment and maternal time-investment

in the data in Section 3. We present the model and discuss estimation and identi-

fication in Section 4. The results and the related discussionare in Section 5. We

conclude in Section 6.

2 Literature Review

Our paper is primarily related to the vast literature in sociology, psychology, eco-

nomics, and education that studies the effects of maternal time-inputs on children’s

cognitive outcomes. As mentioned before, since effective mother-child shared time

is hard to observe, in practice most of studies have focused on the effect of maternal

employment. Bernal and Keane (2010, 2011) provide a good summary of the litera-

ture in this area. According to them, there is no consensus onthe effect of maternal

employment on children’s cognitive outcomes. Previous research has failed to ac-
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knowledge the impact of earlier time-investments on children’s cognitive develop-

ment, as well as the inevitable sample selection of mothers into employment. Very

few scholars have recognized the inherent reverse causal relation between children’s

outcomes and maternal time and good inputs. Using IV and OLS techniques, Blau

and Grossberg (1992) find a negative impact of early maternalemployment, but a

potential offsetting effect later in life. James-Burdumy (2005) find little evidence of

negative effects on children’s cognitive development using IV and fixed-effects pro-

cedures. Bernal and Keane (2011) use different IV techniques, and Bernal (2008)

and Bernal and Keane (2010) estimate a micro-founded structural model to find a

significant effect of negative impact of maternal employment associated to day care

placement. Hill and O’Neill (1994) find that an increase of hours worked has a

negative effect on children’s outcomes, but this effect is partially offset by higher

income. Neidell (2000) find that maternal work has a detrimental effect on cog-

nitive and non-cognitive outcomes, even though the effect is greater for working

mothers. Waldfogel et al. (2002) find a negative impact of very early maternal

employment. Brooks-Gunn et al. (2002) and Ruhm (2004) find that maternal em-

ployment is harmful to children’s cognitive outcomes, especially for children of

highly educated mothers.

An evident difficulty of the latter literature is the fact that the link between ma-

ternal employment and maternal time devoted to children is quite weak, as a shown

in empirical studies on maternal time allocation. A robust finding is that maternal

time devoted to children has not changed that much in the lastdecades despite the

rise in maternal labor force participation (Bianchi 2000).Gauthier et al. (2004)

look at data from several countries and find that paid work seems not to crowd-out

child-parent shared time. Moreover, mothers and fathers are increasing childcare

time in absolute terms. Monna and Gauthier (2008) review evidence showing that

most of mother’s hours worked displaces housework and leisure, with a slight ef-

fect on childcare. Moreover, Bryant and Zick (1996) report that employed mothers

devote more time to children in shared housework and leisureactivities. Zick et al.

(2001) find that employed mothers engage in reading/homework activities more

frequently than nonemployed ones, although Cawley and Liu (2007) find a lower
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chance of being involved in educational activities with children of working mothers

in the ATUS data.

On the other hand, there is strong evidence showing that moreeducated parents

devote more total time to their offspring (Datcher-Loury 1988; Bryant and Zick

1996; Kimmel and Connelly 2007) as well as more time in developmental activities

despite maternal employment (Sandberg and Hofferth 2001; Craig 2006). Guryan

et al. (2008) examine international data to conclude that families with high levels of

income and education devote substantially more time to childcare in all the coun-

tries studied and within countries. In contrast, other timeuses such as leisure and

housework decrease with income and education. This suggests that the correlation

between employment status and childcare depends on observable characteristics of

the household. We present some evidence of this below.

There are few studies that use direct measures of maternal-child shared time as

a determinant of children’s outcomes. Hsin (2009) summarizes this scant empirical

literature that roughly finds no significant correlation between children’s outcomes

and the time mothers devote to them. These results are misleading because those

papers do not properly account for heterogenous backgrounds or address endoge-

nous inputs. Hsin (2008) finds that maternal time-investment has a positive impact

on children’s outcomes, but only among mothers with high literacy levels. Carneiro

and Rodrigues (2009) use generalized propensity score matching to estimate the

“dosage” effect of maternal time, but neglect the effects ofcumulative inputs on a

child’s cognitive achievement. Del Boca et al. (2010) develop and estimate a struc-

tural microeconomic model with specific functional forms for preferences, child

outcome production technology, and time and budget constraints using data from

the CDS. Their model and policy experiments focus primarilyon the trade-off be-

tween hours worked and household income. Nevertheless, they neglect empirically

important time-use buffer activities such as leisure and housework.

We explicitly address the importance of cumulative time andgoods inputs, un-

observed time-invariant heterogeneity, and contemporaneous input endogeneity by

using a simple human capital model. Our approach is related to the existing lit-

erature on child skill formation, also known as outcome production function. Un-
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der this perspective, the time parents spend with children is an investment that di-

rectly stimulates cognitive development and provides an emotionally-, ethically-,

and intellectually-rich environment for their children that promotes learning and

positive behaviors. Todd and Wolpin (2003) and Cunha and Heckman (2007, 2008)

(and subsequent papers) propose a theoretical and empirical framework for chil-

dren skill formation based on dynamic unobserved skills or factors. Almond and

Currie (2010) use a similar framework to organize empiricalfindings of children’s

academic achievement before age five. Cunha and Heckman’s approach suggests

that unobserved factors interact, simultaneously, with parental time-investments

and with family background to determine children’s outcomes. In contrast, our

approach is more direct, since our ultimate goal is to estimate the causal effect of

maternal time-investment on children’s cognitive outcomes, without a very specific

stance on the presumed underlying technology. Given our goal, the approach we

take is closely in line with the work by Bernal and Keane (2011), which relies on a

more direct and theoretically sound empirical specification.

3 Data description

In this section, we describe the databases we use in our investigation.

Child Development Supplement (CDS):The CDS is a supplementary survey

of the Panel Study of Income Dynamics. In 1997, the PSID supplemented its data

with additional information on the sample of PSID parents and their 0-12 year-old

children to generate a longitudinal data base of children and their families. Most

of the children were re-contacted in 2002. By 2007, a large portion of the original

sample become ineligible, by survey design, since they had turned age 18.

From the CDS longitudinal data, we use age-standardized Applied Problems

(math) and Word-Letter Identification tests (Woodcock et al. 1989). We also ex-

tract demographic characteristics of the children which are supplemented with their

PSID Individual records. Finally, we obtain measures of Home Quality Index,

which is constructed from an observational assessment of the CDS interviewer. The

details are explained in Appendix 2.
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Time Diaries (TD): As a part of the CDS design, children or their caregivers

were required to complete Time Diaries, i.e. to chronologically record all their

activities for one random weekday and one random weekend day. There are ap-

proximately 600 primary activities, aggregated into 11 major categories. Besides

reporting beginning and ending time for activities, the data also contain information

on who else participated in the child’s activity. With theseinputs, we construct two

time-investment categories, weighting weekdays by five andweekend days by two:

total time the mother spent on all activities with the child,and total time spent while

the mother is directly participation. As a shorthand, we refer the latter time as “ac-

tive” maternal time. Active and passive time-investments may influence children’s

outcomes in different ways (Folbre et al. 2005).

Time-diary collection is the preferred way to measure actual time use of indi-

viduals (Juster 1985; Juster and Stafford 1991). Retrospective recall surveys that

consist of the type and frequency of activities tend to provide inaccurate measure-

ment of actual time uses (Robinson 1985). Hofferth (1999) shows that parents,

especially the highly educated, tend to overstate the time they spent on “socially

desirable” activities, such as helping their child with his/her homework.

Panel Study of Income Dynamics (PSID):The PSID is a widely-known longi-

tudinal study of a representative sample of U.S. individuals and their families since

1968. We use the PSID Family records for maternal education,maternal age3, fam-

ily living arrangements, income, reported hours worked andhousework hours.

Current Population Survey (CPS): We use the Current Population Survey

March data4 to construct labor market and welfare variables that may generate an

exogenous source of variation in maternal time use allocations. We consider several

variables that may influence maternal time-allocation decisions by year and state for

the period 1990-2007.

Cognitive outcomes: Standardized cognitive outcomes scores vary according

to child gender and maternal education. These differences are meaningful since all

3We checked the consistency of maternal educational attainment and maternal age for several
years. We also supplement these family variables with PSID Individual files in order to minimize
the missing observations. The details of the procedures applied are available upon request.

4Obtained from IPUMS-CPS (King et al. 2010)

9



measures of children’s cognitive outcomes are ordinal scales that allow comparisons

within the same test, but not between them. In Panel A of Table1, we see that

children have a slight decreasing pattern for both cognitive tests. We do not have

an explanation for these patterns. We notice that girls perform better than boys in

both tests, for ages 5 to 10. For children older than 10, females outperform males in

word test but not in the aprob test. Looking at Panel B, children of highly educated

mothers perform substantially better than children of low educated mothers in all

tests. Panel C shows that children from part-time workers have higher test scores

than either full-time employed and non-employed mothers. In turn, the children of

the last two groups of mothers have similar scores.

Maternal and household characteristics: Table 1 also shows that highly

educated mothers are roughly 3.5 years older on average. Households with a highly

educated mother have a larger proportion of white children and male heads.5 Home

quality index andper capitalog family income are also higher for more educated

mothers.

The Table 2 shows that the group of older children has a largershare of black

children and a lower share of White children in comparison tothe youngest group.

The share of households with female heads is notably larger for children older than

11, probably because of the higher frequency of divorce oncechildren get older.

The Home Quality Index index is slightly higher for older children, while the log

family income is lower for the group of younger children. TheTable 2 also shows

that there are some differences between boys and girls in themean and dispersion

of log family income, especially for younger children.

Mothers greatly differ according to their working status. We observe that full-

time working mothers are more educated, on average than mothers who work part-

time. In turn, mothers who work part-time are more educated than non-working

mothers. Part-time working mothers tend to have more white children and to live

with a male partner more frequently in the sample. Interestingly, the share of head

mothers working full-time is household heads. Full-time working mothers tend

5This claim uses the standard PSID convention that defines a household head to be any male
older than 18 years old at home.
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to live in households with a relatively higher Home Quality Index andper capita

family income.

Maternal employment and maternal time-investment: While many stud-

ies have found that employed mothers devote less time to their children than their

non-working counterparts, it is clear that other activities such as housework and

leisure, are the ones that are drastically reduced to accommodate the number of

hours worked (Guryan et al. 2008). Over the last decades several categories of total

maternal childcare time and total hours worked have increased, while housework

hours have declined (Aguiar and Hurst 2007).

A set of scatter plots in Figure 1 reveal that maternal hours worked are weakly

and negatively correlated with total maternal time and active maternal time. How-

ever, the dispersion around the local polynomial regression lines is substantial.6

This evidence suggests that maternal hours worked is, at best, a very noisy proxy of

maternal time-investment. We also find a positive association between housework

time and maternal time-investment categories in Figure 2, but again, the conclusion

is that the latter time use category is a very imprecise measure of the time mother

and child engage together.

Nevertheless, our skepticism on using maternal employmentas a measure for

maternal time input goes beyond this issue. There is substantial evidence showing

that the time allocation of working mothers varies by educational patterns, child

age, and gender (Datcher-Loury 1988; Bryant and Zick 1996; Yeung et al. 2001

among many others). The economic literature7 has considered childcare as a sep-

arate time-use category which is distinct from leisure and housework not only on

theoretical grounds, but also because it behaves differently in response to exoge-

nous shocks such as changes in childcare price and wages. Forinstance, Kimmel

and Connelly (2007) show that while leisure and housework decrease in predicted

wages, maternal childcare time increases. Ignoring these issues would lead to mis-

leading conclusions.

Maternal time allocation substantially varies across groups defined by child age,

6For details, see on the footnotes of Figure 1
7Aguiar and Hurst (2007) provides a more elaborated discussion on the conceptual distinction

between childcare time and housework
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gender, and maternal education. Total and active maternal time also show a great

deal of variation across child gender and age in Table 1.8 We observe average total

maternal time is higher for boys when their age ranges 5-10, but the pattern reverses

for girls older than 10. On the other hand, as children grow older, they receive less

maternal time and the actual time allocation observed becomes more volatile.

Panel B of Table 1 shows that college-educated mothers spendmore time on

children younger than 14, but slightly less than less educated mothers for older

children. The highly educated mothers devote substantially more time to market

work than their non-college counterparts. However, the latter group devotes more

time to housework. Panel C shows that, on average, non-working mothers devote

2.2 and 6.4 weekly hours more than do part-time and full-timeworking mothers,

respectively. However, these gaps decrease to 0.5 and 2.5 weekly hours for active

maternal time. This suggests that mothers accommodate other time-uses to avoid

reducing time directly spent with children. The standard deviation of maternal time

of both part-time and full-time working mothers is smaller than that of non-working

mothers.

Table 3 shows modest but significant pairwise correlations between maternal

hours worked and mother-child shared time for different subsamples. Moreover,

the negative correlation seems larger (in absolute terms) for young children and

low educated mothers. This evidence reassures our skepticism on evidence re-

garding maternal employment “treatment” effects. The factthat the correlation

consistently varies according to child age and maternal education suggests that the

maternal employment is a very different treatment across groups. This also implies

that the noisiness of maternal time cannot be treated as a textbook measurement

error problem. Little can be learned from maternal employment treatment since it

masks different input intensities that systematically vary on child and household

characteristics.
8Columns considering only positive measured total and active time show that this feature of the

data does not alter the quantitative conclusions we obtain.
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4 Model

There are several approaches in the literature to modeling children’s outcomes de-

velopment. Cunha and Heckman (2007, 2008 and subsequent papers) focus on

the dynamic evolution of unobserved skills that are identified as dynamic factors.

Our approach here is closer to Bernal and Keane (2011) since it establishes a more

straightforward relation between observable inputs and outcomes, without a medi-

ating role of unobserved factors.

Although the model we propose is non-linear in deep parameters, because of the

unobservable maternal time-investment, we can recover theparameters of interest

by estimating a linear model. After presenting the model andrecognizing the poten-

tial endogeneity problem, we examine the potential sourcesof exogenous variation

that can provide a reasonable identification strategy. Then, we utilize strategies in

the econometric literature to handle potential Weak Instruments problems in In-

strumental Variables methods. We implement the Limited Information Maximum

Likelihood (LIML) estimator, which is less prone to these problems (Stock et al.

(2002) for a survey). We also report tests for weak instruments (Cragg and Donald

1993)(CD) with tabulated values from Stock and Yogo (2005).

Theoretical setup: Most of the literature suggests models in which maternal

time and goods enter as an input into the production functionas well as usually

unobserved genetic conditions. As noticed by Bernal and Keane (2010, 2011),

only few papers recognize the importance of previous inputsin generating current

outcomes. We explicitly consider this issue in our model specification.

We postulate that there is a natural, possibly nonlinear, trend for cognitive de-

velopment as the child grows older. Nevertheless, we consider heterogeneous cog-

nitive development profiles that vary according to child gender, and a proxy for

maternal ability (schooling). Deviations from this standard trend may be caused

by higher human capital level,X, built via maternal time-investment or by higher

physical capital,K, accumulated through goods investments.

Both capital stocks,X andK, can be written as a cumulative weighted sum of

investmentsx andk. We recognize that the marginal contribution of investments
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is essentially heterogenous across children, and it may be affected by factors such

as maternal education, child gender, age, race, and family environment variables.

Notably, previous research in child development psychology and several studies in

skill-formation technology have suggested that early investments have a stronger

impact in a child’s early ages (Cunha and Heckman 2008; Almond and Currie

2010). It is also reasonable to think that the marginal impact of maternal time-

investment varies according to her education or skills. Indeed, Hsin (2008) finds

that only the time-investment of mothers with high literacyskills has a positive im-

pact on children’s outcomes. Evidence of higher detrimental effects of employment

for highly educated mothers can be rationalized in the same way (Ruhm 2004).

We propose a reduced form linear specification for child outcomes that is ex-

pressed in the following equation

yh
n,t = αh

n +
an,t

∑
i=0

β h
n,i +

an,t

∑
i=0

γh
n,ixn,i +

an,t

∑
i=0

δ h
n,ikn,i +uh

n,t (1)

wheret represents time and then subindex represents children in the CDS sample.

The outcomeh of child n at timet is represented byyh
n,t . The termαh

n stands

for an unobserved environmental/genetic component of the child n that specifically

affects theh-th outcome at all ages. The coefficientsβ h
n,i represent the outcome

specific age-trend determining the average development of then-th child.

The cumulative weighted sum ofxn,i is the human capital accumulated up to

time t by the childn due to maternal time-investment for outcomesh= 1,2, ...,H.

Likewise, the cumulative weighted sum ofkn,i represents the physical capital accu-

mulated by the householdn up to timet. The coefficientsγh
n,i andδ h

n represent the

outcome-specific marginal effects of investmentsx andk for then-th child at agei.

This formulation allows for marginal effects varying on thechild’s current agean,t .

Our method estimates first-differences of equation (1) to get rid of unobserved

child-home heterogeneity. This approach is also convenient to maximize the sample

size since there is substantial non-response in the first andthird waves of the CDS:

some children were too young in 1997 or too old in 2007 to take the cognitive tests.
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Since the CDS reports time use every 5 years, the 5-year variation can be written as

∆5yh
n,t =

an,t

∑
i=an,t−5

β h
n +

an,t

∑
i=an,t−5

γh
n,ixn,t +

an,t

∑
i=an,t−5

δ h
n,ikn,t +∆5uh

n,t (2)

The logical implication of this setup is that accumulated maternal time-investment

between the two dates is the key determinant of changes in children’s outcomes.

One important limitation is that we do not observe these investments in every mo-

ment of time in the CDS data. We need to make additional assumptions on the way

mothers behave in order to identify the impact of maternal time-investment on the

outcomeh. We assume that both investment data we observex∗n,t andx∗n,t−5 are

related to the unobserved time-investments in the following way

xn,t = ξn+ρxn,t−1+en,t (3)

This equation shows that the maternal time allocation at time t depends on child

and family unobserved factorsξn, the choice of maternal investment in the previous

period and a random shocken,t . We can get rid of the unobserved family effect by

taking first-differences in the equation (3)

∆xn,t = ρ∆xn,t−1+∆en,t

xn,t −µxn,t−1+(1−µ)xn,t−2 = ∆en,t with µ ≡ 1+ρ

Using equations fort, t−1, t−2 andt−3, we formulate a 4×4 linear system whose

detailed solution is shown in . Once solved, every period time-investment can be

written as

xn,i = λix
∗
n,t +(1−λi)ix

∗
n,t−5+

t

∑
j=t−3

τ j ,ien,t− j ∀i = t −4, ..., t−1

We assume the effect of maternal time-investment can be decomposed asγn,i = φnφi

whereφn is a child-household specific component, andφi is a child-age specific
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component. The expected change in human capital stock can beexpressed as

∆5Xh
n,t =

t

∑
i=t−4

γh
n,ixn,i =

t

∑
i=t−4

γh
n,i

(

λix
∗
n,t +(1−λi)x

∗
n,t−5

)

+ τe

= γh
nΛx∗n,t + γh

n (5−Λ)x∗n,t−5+ τe

with Λ =
5∑t

i=t−4 λiγn,i

∑t
i=t−4γn,i

=
5∑t

i=t−4λiφi

∑t
i=t−4φi

andγn =
1
5

t

∑
i=t−4

γn,i

The termτe is the dot product of the vector maternal time allocation shockseand its

associated coefficient. Finally, we can see that the marginal effect of the conditional

expectation acrossN children is

E

[

∂E[∆5Xh
n,t

∣

∣e]

∂x∗n,t

]

= ΛE[γn] = Λγh

The conditional expected variation of maternal-time accumulated human capitalX

can be expressed as the average marginal effect of maternal time-investmentx∗n,t
amplified by a factorΛ, the 5-year temporal impact of the investment.

Since goods helping child development are likely to be financed with labor in-

come, and maternal labor supplies are correlated with maternal time-investment on

the child, we consider a proxy for child goods in periodt − 5 instead of its con-

temporaneous measure. By doing so, we avoid a new source of simultaneity into

the estimation.9 As a measure of material well-being, we primarily use the Home

Quality Index. A careful description of this index is in Appendix 2. In the on-

line Appendix, we consider an alternative measure of material well-being: logper

capitareal household income. In regards to the marginal impact of physical goods

investment,δ h
n,i , we assume that it does not vary with child age, i.e.δ h

n,i = δ h
n . In

the online Appendix, we relax this assumption by allowing the coefficient to depend

9Nevertheless, we realize that the effect of maternal time-investment defined in these equations
potentially includes the marginal change in child goods generated by income variations. In turn,
income may vary due to the potential displacement of hours worked by childcare. Hence, a marginal
income variation is part of the “treatment” received by a child when his mother decides to change
her time allocation.
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on child age.10. However, we do not notice important differences using the latter

specifications. We estimate the following generic equation

∆5yh
n,t = πh

0x∗n,t +πh
1x∗n,t−5+πh

2kn,t−5+πh
3en+vh

n,t (4)

We can easily recover the value ofγh by computing
πh

0+πh
1

5 becauseπ0 = γhΛ and

π1 = γh(5−Λ).
Identification Strategy: Identification problems arise due to the potential en-

dogeneity of contemporaneous maternal time-investment. In our framework, this

problem is equivalent to a bias due to the omitted time shockse. Therefore, the error

of equation (4) is likely to be correlated with the contemporaneous maternal time-

investmentx∗n,t . In contrast to our approach, the literature has mostly highlighted

that maternal time allocation may depend on unobserved time-invariant child char-

acteristics. Although such an assumption may be reasonable, it is more general to

assume that maternal time allocation may depend on time-varying conditions such

as children’s outcomes (Todd and Wolpin 2003). For instance, mothers may devote

more time to their children if, for instance, they perform poorly at school, regardless

of whether the low academic achievement is caused by early disadvantage or by a

negative shock later in life.

A natural approach to solve these difficulties is Instrumental Variables estima-

tion. As discussed in the literature (Murray 2006; Angrist and Pischke 2009), we

need a significant exogenous source of variation of the maternal time allocation

(i.e., instruments are not weak) that does not directly affect children’s outcomes

conditioning on other covariates (i.e., exclusion restriction). Formally,

1. Exclusion restriction ofz: ∆yh
n,t | covariates⊥ z

2. No weak instrumentsz: E [ze| covariates] 6= 0

We recognize that there may be plenty of heterogeneous responses of children’s

outcomes to exogenous variation of maternal time induced, in turn, by a change in

10This change basically adds an interaction term between child age and the physical investment
measure to equation (4)

17



z. Hence, we interpret our results as a Local Average Treatment Effect (LATE) that

may depend on the particular instrument used. As shown in this literature (Imbens

and Angrist 1994; Angrist and Pischke 2009), the estimated effect is driven by a

group of mothers who only changed the time-investment in response to a variation

of z.

We rely on a standard theory of household time allocation to find appropriate

instruments. Mothers decide how to split their limited timeinto four possible uses:

work, housework, childcare, and leisure. Our instrumentalvariables capture ex-

ogenous shocks to the benefits and costs associated with these time use categories.

Hence natural candidates for being instruments are variables associated to (i) the

cost of childcare service, (ii) the cost of external housework provision, (iii) the ben-

efits and costs of hours worked in the market, and (iv) the government resources for

welfare benefits and eligibility rules. Each one of these instruments represents ex-

ogenous variations that are essentially distinct. We prefer to use the least number of

instruments per estimation in order to interpret each result as a response induced by

distinct quasi-natural experiments. This approach is alsoconsistent the literature of

Weak Instruments that warns of the danger of using too many instruments (Bound

et al. 1995; Stock et al. 2002).

In addition of the two standard identification conditions for IV estimation, un-

der heterogeneous effects, we will also need to satisfymonotonicityof maternal

time response toz. That is, if z changes, then all individuals in the population of

interest must show either a weak increase or a weak decrease in the time spent

with children in response to such a change. In principle, since the household owns

a time endowment and potentially supply it to the market, there are substitution

and income effects that work in opposite directions. Thus, families differing in

observable characteristics (wealth, age, etc) may respondto a price change in dif-

ferent ways. Since the IV estimation implicitly averages the responses across the

population, then, it is possible that we could obtain a negligible effect in practice.

Even though monotonicity may not hold in practice, it is important to state that this

drawback worksagainstobtaining significant results.

A first possible instrument is related to childcare prices. Nevertheless, child
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care price itself is likely to be related to the quality of theservice provider, creating

a secondary channel to affect child outcomes besides maternal time variation. This

clearly implies a violation to the exclusion restriction.11 Since we do not have a

way to control for childcare service quality, we rely on the average CPS wages of

childcare workers by year and state.12 Moreover, we also include this variable in-

teracted with child age to take into consideration the fact that the sensitivity to price

variation is likely to decay as children grow older. In this case, the exclusion restric-

tion theoretically holds because average childcare workers wage is a cost pressure

on childcare service price, for all potential and actual daycare providers. Con-

sistently with theory, Kimmel and Connelly (2007) estimatea significant positive

response of actual mother-child shared time to an increase in predicted childcare

prices. Even though the expected effect of a raise of this price is an increase in

maternal time with the child, this instrument may not strictly satisfy monotonicity

of maternal time response for all the population. For instance, females who work

in childcare and similar occupations probably decrease their maternal time due to

a substitution effect. In the worst-case scenario, as argued earlier in this paper, our

estimates provide a lower bound of the causal effect.

The second relevant price for maternal time allocation decisions is the one of

housework services. We measure the wages of housekeeping occupations in March

IPUMS CPS to build a variable related to the price of these services.13 This strategy

is based on Cortés (2008) and Cortés and Tessada (2011), who show that maternal

employment increases when unskilled labor immigration raises, and drives down

the housekeeping services price. In addition, Amuedo-Dorantes and Sevilla Sanz

(2011) find that unskilled immigration reduced basic childcare of college-educated

mothers, but increases educational time spent with children. As we do with child-

care workers wage, we interact average housekeeping log wage variable with child

age because the price sensitivity of maternal time allocation is likely to decrease

as children grow older. In our case, we expect that a greater housekeeping price

induces more maternal time with children due to a substitution effect. Neverthe-
11We thank William Evans for pointing this out.
12For details, see in the online Appendix
13For details, see the online Appendix.
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less, an income effect response may prevail due to the revalorization of the time

endowment of unskilled mothers, reducing time with children. Thus, this variable

is likely to affect unskilled immigrant women in the opposite direction, violating

monotonicity and biasing our estimates towards non-significance.

A third Instrumental Variables is the average offered wage for women in the

labor market defined by year and state. Our empirical challenge is to construct a

measure ofofferedhourly market wage since this is the relevant price that affects the

number of hours devoted to work. We construct these market wages using IPUMS-

CPS database by estimating a selection model with a hours-worked selection equa-

tion (Tobit III model) along the lines of Vella (1993) and Wooldridge (2002, ch 17).

We use this model to impute expected log wages to all females (workers and non-

workers) in the sample. Our offered wage measure is the CPS weighted average

offered wage by year and state, and its interaction with child age. The details of this

selection wage model are thoroughly explained in the onlineAppendix. Consistent

with the standard labor supply setup, income effects are potentially important in this

context because the household is a (net) supplier of hours tothe market. Indeed,

Kimmel and Connelly (2007) find that a wage increaseraises the time mothers

devote to children on weekends, suggesting an important income effect. Other lit-

erature surveyed by Monna and Gauthier (2008) finds negativeeffects of wages on

maternal time. In light of these theoretically opposing forces, we need to control

for children goods or income to capture time substitution effects. Conditional on

material well-being, higher offered wages should reduce maternal time with chil-

dren. Because our controls are imperfect, strict monotonicity requirements may be

violated. Again, these issues make it hard for us to find significant causal effects.

Finally, we hypothesize that the existence of government benefits for households

with children may induce mothers to substitute their time with physical goods. We

implement this idea by using the average income child subsidy by year and state,

reported by IPUMS-CPS. As with the other instrumental variables discussed, we

include the latter variable interacted with child age, to capture an expectable decay-

ing sensitivity of mother-child shared time as children grow older. Admittedly, the

effect of a change in welfare programs on maternal time allocation isa priori uncer-
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tain. They may induce women to devote fewer hours to work, butto increase other

time uses such as leisure or housework instead of childcare.Hence, the final effect

of welfare benefits related to children has to be elucidated on empirical grounds.

Moreover, we are certainly aware that the group of mothers who change time allo-

cation due to changes in welfare policies may be quite different from groups who

respond to other of our instruments. Thus, exploiting this additional source of vari-

ation would shade light on the external validity of our results (Angrist and Pischke

2009). Our benchmark to assess this particular strategy is Herbst and Tekin (2010),

who show that childcare welfare policies are detrimental tochildren outcomes due

to the substitution of maternal time for low-quality paid day care.

5 Results

Overview: The main results are displayed in Tables 4-7.14 Our maternal time-

investment measure is the log of total maternal time (in minutes) plus one second

(1/60), in order to handle observations with zero-minute recorded time. We show

that LIML estimates are an order of magnitude larger than those of OLS for Applied

Problems(aprob) and Word-Letter Identification(word) andtests. The results are

also remarkably robust to a series of alternative specifications. We explain and

discuss a series of robustness results at the end of this section and show various

estimations in the online Appendix of this paper.15 This evidence suggests that the

hypothesized reversed causality is very important and empirically sizeable for these

cognitive outcomes. To illustrate our point, in the columnIV1 of Table 4, according

to the OLS estimator an increase of 1% in the average total maternal time would

increase 1.54% of a standard deviation in the test score in Applied Problems. The

LIML estimator shows a causal increase of 19.81% of a standard deviation in the

same test score as a result of a 1% increase in the weekly average maternal time.

Thus, for Applied Problems, the LIML effect is roughly 12.8 times larger than the

14We use the Stata packageivreg2 by Baum et al. (2010) to estimate our models. For further
information seehttp://ideas.repe
.org/
/bo
/bo
ode/s425401.html

15The online Appendix can be found inhttp://www.benjaminvillena.
om/data/uploads/online-appendix-VR-RA.pdf
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OLS. The order of magnitude of these effects for Applied Problems are of the same

order of magnitude of the estimates for a joint treatment of maternal employment

and day care placement (roughly a drop of about 14-16% of a standard deviation)

obtained by Bernal and Keane (2010, 2011). Herbst and Tekin (2010) estimate that

childcare subsidized children obtain 26-30% lower cognitive test scores until the

end of kindergarten, other things equal. In the case of Word-Letter Identification,

our estimates are roughly half the value of those obtained for Applied Problems.

Still, the gap between OLS and LIML estimates remain very large for both cognitive

outcomes. Fortunately, instrumental variables are strongin the sense of Stock and

Yogo (2005) in that the Cragg-Donald test largely surpassesthe rule-of-thumb value

of 10.

In addition, we report the results from using the exogenous variation for four

sets of instruments (Average log wage in childcare occupations, average log wage

in housekeeping occupations, average log offered female wages, and average in-

come child subsidy. In all cases, we also include interactions with child age) and

report the Cragg-Donald test in different sub-populations. Since the estimated pa-

rameterγ is a local average treatment effect, the underlying price/budget exogenous

shocks we exploit as different sources of identification maygenerate heterogenous

responses across the population. Showing similar results for different sources of

exogenous variation indicates external validity of our results. To uncover heteroge-

nous responses patterns across the whole population, we estimate the model for

several subsamples: low-education mothers (high school orless), high-education

mothers, male child, female child, white child, black child, low family income

(below median), high family income, two-parent household (male head in PSID

nomenclature) and female head.

Effects of total maternal time: Tables 4 and 5 show that the local average

causal effect associated with total maternal time,γ, is large and significant. Fur-

thermore, these results hold for every subpopulation analyzed (High/Low educated

mothers, Male/Female child, White/Black child, Male/Female household head) for

aprob and word tests. Even though the strength of the instruments mildly wors-

ens for some subpopulations, the Cragg-Donald tests remainabove 10 in almost all
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estimations.

The results in Table 4 indicate that the positive impact of total maternal time

on aprob tests is particularly high for white children, a those with college-educated

mothers, with family income above the median family, and with two-parent house-

holds (male head in PSID convention). Remarkably, the estimates obtained are

quite similar for all the instruments used, indicating thatthe effects may apply more

generally to several groups in the population, i.e. they areexternally valid. The par-

tial exception is the estimation using the last instrument (IV4), the average income

child subsidy, because it yields slightly lower IV estimates for almost all subpop-

ulations. The latter suggests that this subpopulation of mothers who are induced

to share more time with their children is somewhat differentfrom the other groups

induced by other instruments.

Similar results are obtained for the Word-Letter Identification test, although

some important differences arise. First, the impact of a marginal increment of

maternal time-investment in the word test is roughly 50% - 60% of their proper

counterpart for the aprob test. However, OLS estimates are also smaller and, there-

fore, the relative ratio between LIML and OLS estimators is still very large. For

instance, the LIML IV1 point estimate for the whole sample is7 times larger than

OLS. Again, the first three sets of instruments deliver quitesimilar results, but IV4

is somewhat different. In the case of Word-Letter Identification test, highly ed-

ucated mothers have a larger marginal impact of their child’s word test, but the

difference is quite small for IV4. In contrast to Applied Problems test, there is a

gender difference in word results: the marginal impact of sharing time with a boy is

substantially larger. The white-black difference is much larger in this test: the effect

of maternal time on a white child is roughly three times the impact on a black child.

For Word-Letter Identification, it is also true that the maternal time has a greater

effect on high-income families, even though the result reverses when the maternal

time-allocation change is induced by income child subsidies (IV4). With respect

to family composition, we also see that the gap between male and female headed

households widens, since the marginal effect of maternal time in a two-parent fam-

ily (male head) is about 2-3 times larger. In the case of Word-Letter Identification,
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the fact that LIML estimations from different sources of identification yield similar

results let us conclude that our estimates have external validity.

The effect of material well-being in households, as measured by the Home Qual-

ity Index, is significant at 20% for the whole sample for Applied Problems test,

but not significant in most examined subpopulations. The exceptions are below-

median-income and female-head households, with negative marginal impact on

math scores. In the case of Word-Letter Identification test,the marginal negative

impact of lagged Home Quality Index is pervasive and significant. Even though

these results may seem counterintuitive, it may simply reflect that the mothers in

these subpopulations may increase their children’s Word-Letter Identification tests

by sharing more time with them and by providing less physicalgoods on the margin.

Of course, this is not incompatible with a rational decisioninvestment in children

since the mother (or the household) presumably optimizes family welfare, which

is not equivalent to children’s cognitive outcomes. Another possibility is that the

model is simply misspecified. If this were true, we should tryto learn how sensitive

the results of the average marginal impact of maternal time-investment are to this

problem. We address this possible issue in the robustness subsection 5.

Effects of active maternal time: In Tables 6-7) We find that active maternal

time-investment, i.e. when the mother directly participates in the activity has a sig-

nificant and positive effect on the Applied Problems and Word-Letter Identification

tests for the whole sample and different aforementioned subpopulations. In addi-

tion, we observe that the Weak Instruments concern is not very important in this set

of estimations because the Cragg-Donald test can exceedingly reject a large bias of

the Limited Information Maximum Likelihood estimator (Stock and Yogo 2005).

The causal impact of active maternal time for Applied Problems is roughly half

of the effect of a marginal increase of total maternal time. However, these estimates

are still very large compared to the OLS estimates. Among subpopulations, we

observe that the marginal effects of highly educated mothers are significantly larger

than those of children with less educated mothers. In addition, mother-daughter

shared time yields, at the margin, higher effects than maternal time spent with boys.

In this particular time use, there is a substantial racial gap, too. Time invested in
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white children yields higher marginal increases in the aprob test. As in the case of

total maternal time, the marginal effect of maternal activetime in high-income and

two-parent households exceeds the average impact for low-income, and female-

headed, respectively. Comparing results across differentsets of instruments, we

obtain very similar results for all of them in Table 6. This reassures our claim that

the results we obtain have external validity.

For the case of the Word-Letter Identification test in Table 7, we observe that the

marginal effects of maternal active time are noticeably smaller, about one-half times

of those for the Applied Problems test. As in the other cases,the effect is greater

for the following subpopulations: high-education mothers, male child, white child,

high-income, and male-headed households. It is remarkablea very large racial gap

in this regard: the marginal impact of maternal time among whites is roughly four

times larger than it is for blacks. The ratio between the marginal effects of male

and female headed households is roughly 3. Nevertheless, LIML estimators for

the whole sample are 4-6 times larger than OLS. Comparing theresults obtained

across different instrumental variable sets, we see that they remain unchanged for

the most part. Partial exceptions for these patterns are theresults from the aver-

age income child subsidy (IV4). The whole-sample marginal effect is somewhat

larger. Although the signs of the gaps between complement subpopulation we have

mentioned are still there, the size of that difference decreases in these cases.

The impact of Home Quality Index in Table 6 show that the effect of material

well-being conditions is generally positive, though not always significant at conven-

tional levels. The marginal effect seems particularly highand significant for white

children, high-income households, and male-head households. The results remain

roughly constant across different instrument sets. In contrast, in Table 7 we observe

a pattern that is similar to what we have seen in the case for total maternal time.

Most marginal effects of Home Quality Index are negative andsignificant.

First stage: The literature on Weak Instruments has convincingly arguedfor

paying close attention to the first stage in Instrumental Variables estimation. Sev-

eral authors recommend not only finding joint significance ofinstruments, but also

obtaining estimates that are theoretically consistent with the underlying economic
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mechanism generating the exogenous change in the endogenous regressor of inter-

est (Murray 2006; Angrist and Pischke 2009). In Table 8 we cansee the first-stage

estimates for log total maternal time for the sample of non-missing word tests.16

Table 9 shows analogous results for maternal active time. These patterns are totally

consistent with the hypothesized underlying “experiments” behind our identifica-

tion strategy.

In all cases of Tables 8 and 9, the coefficients of basic instruments reflecting

the cost of maternal alternative time uses, and its interaction with child age have

the expected signs and are highly significant. The effect of raising the average

log childcare wage (IV1), the average log housekeeping wage(IV2), and the child

income subsidy (IV4) are positive, decreasing in child age and significant. Only

IV3, the average log offered wage, has a mostly non-significant main effect for

both total and active maternal time. A notable difference between Tables 8 and

9 is that the first-stage estimated responses to exogenous variation of prices for

active maternal time are substantially larger than their analogous counterparts for

total maternal time. The same pattern repeats for all kinds of instruments used in

virtually all analyzed subpopulations in Tables 8 and 9.

In addition, in Table 8, the coefficients accompanying the lagged maternal time

are small, but significant, showing a small persistency. In contrast, this level of per-

sistence is much greater in the case of active maternal time for all instruments and

subpopulations, as seen in Table 9. This finding, combined with the larger sensitiv-

ity of active maternal time to exogenous variations, suggests a considerably larger

response to prices of this time category in the long-run. Even though essentially

reduced-form, these findings can be of interest for policy purposes.

Looking closer to results by Instrumental Variables, we seethat in the case of

average log wage of childcare workers by year and state and its interaction with

child age (IV1), a 1% increase of the average childcare workers wage would in-

crease 0.342% the mother-child total maternal time, but this elasticity decreases in

0.027% per year, implying that the effect matters for children below age 13. These

16We choose this particular outcome because it is the one with the largest sample size. The first-
stage estimates for aprob slightly differ from this.
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magnitudes get increased for active maternal time in Table 9: the main effect elas-

ticity is 0.858 and yearly decreases at rate 0.056, as the child grows older.

In addition, there are important differences across subpopulations. For both

maternal time use categories, the elasticity of response tochildcare wages is larger

for less educated women, for mothers with a male child and a white child, and

for female-headed families. The child-age interaction term is always negative and

highly significant, indicating that most of the maternal time response to childcare

costs is directed towards young children.

For the second set of instruments in Table 8 (IV2), a 1% increase of average log

wage of housekeeping occupations increases maternal totaltime by about 0.131%,

but the effect decays in 0.02% by year suggesting the impact of maternal time are

concentrated in children below 7 years old. For maternal active time in Table 9 the

analogous elasticity is 0.58, decaying at 0.042 per year of the child.

There is a great deal of heterogeneity responses across different subpopulations.

Notably, the elasticity for highly educated mothers is substantially larger in the case

of active maternal time, but there is just a little difference between high and low ed-

ucated mothers for total maternal time. This is roughly consistent with Cortés and

Tessada (2011), who find that the labor supply of more educated women is largely

affected by the availability of housekeeping services, andwith Amuedo-Dorantes

and Sevilla Sanz (2011), who find that housekeeping servicesswitch maternal time

use towards mother-child activities of higher involvement. There is also a substan-

tial racial elasticity gap: total maternal time of white children is much more reactive

to housekeeping wages than it is the total time spent in blackchildren, but the result

reverses for active maternal time. In addition, the active maternal time response to

housekeeping costs in female-head households is considerably larger than that in

male-head households, but the response is very similar for total maternal time. This

suggests that female heads react much strongly to substitute expensive housekeep-

ing than do their counterparts living with a male partner.

The first-stage estimates for IV3 show that mothers reduce their total time with

children as their offered wages increase, and that effect ismagnified with child age.

For total and active time, in most cases, the main effect is not individually signifi-
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cant at 20%, but its interaction with child age is highly significant and negative. In

both cases (see Tables 8 and 9) the negative effect of averagelog offered wage seems

particularly negative for male children and for mothers living in female-headed

households. Indeed, considering the main and the interaction effects, the elasticity

total and active time for female-head mothers and low-income households is sub-

stantially larger (in absolute value) than the one for othersubpopulations. Since

these groups are likely to have the largest marginal utilityof consumption, find-

ing large elasticities supports the existence of a meaningful economic mechanism

behind the identification strategy.

In regards to the last set of instruments (IV4), there is a significant, positive

effect of average child income subsidy on total maternal time that significantly de-

creases in child age. For instance, a 100 dollar increase in average log child sub-

sidies would generate a 0.6% increase of total maternal time, and a 1.6% increase

of active maternal time. These effects are decreasing in child age. While total-time

estimates suggests important effects only for very young children, the active-time

one shows positive impact even for adolescents. As in the other instruments, the

mentioned effects vary across different subpopulations. In both total and active

time, mothers of white children react more to this subsidy than their counterparts

raising black children. For the other subpopulations, the patterns of total and active

time generally differ. The total time that mothers who are college-educated or who

are raising a girl devote to children is more sensitive to income child subsidies. For

the active time category, less educated, low-income, and female-head mothers react

the most to variations in this subsidy. Our interpretation is that state transfers relax

the household budget constraint, allowing the mother to spend highly valued time

with her child. As children grow older and have lower care requirements, there is

an increasing reduction over the effect of maternal time-allocation.

Robustness of the results: We devote the online appendix to exhibit a large

number of results confirming our findings. We take care of several caveats about

our empirical results. In short, we address the following issues:

First, we study whether an alternative maternal investmentmeasure change our

findings. Is a raw measure of maternal time input appropriateif we explain changes
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in age-standardized cognitive outcomes? In the first place,our rationale for using

observed maternal time measures is that mothers allocate their time taking into ac-

count that there is a natural trend for child development, given certain child and

household characteristics. Under this premise, time-use choices entail anendoge-

nousnatural decreasing of the total time allocated for the child, and a simultaneous

re-allocation of that amount of time indifferent uses. On the contrary, one may be-

lieve that such a decreasing pattern of time allocation is exogenous, because of the

increasing demand of child time in school and social activities as they grow older.

Under the latter assumption, we should adjust time allocation by age. We construct

such a measure as the gap between the log maternal time and itsaverage by child

age. Using age-standardized time-investments, we obtain new estimates that turn

out to be about 20% smaller than those obtained in Tables 4 and5 for total maternal

time, but 30-60% larger than those in Tables 6 and 7 for activematernal time. In

any case, the estimates are still many times larger that those obtained from OLS,

and instruments are quite strong with quite high Cragg-Donald tests.

A second justified concern is the notion of physical investment we use. Even

though the Home Quality Index measures the quality of the child’s household, it

may be insufficient for capturing elements that matter for cognitive formation. An

alternative, plausible specification uses logper capitaincome of the family to proxy

the amount and quality of goods incorporated in the stock of physical capital for the

child. Using this variable also connects our work to the literature trying to measure

the impact of family income on children’s cognitive outcomes (Blau 1999; Shea

2000; Løken et al. 2012). This alternative measure barely changes the results, with

the exception of larger effects of active time on aprob test.Perhaps puzzling, the

marginal effect of family income is negative for aprob test,but positive and non-

significant for word. Cragg-Donald tests remain high.

A third caveat is the possibility of child-age and Physical investment interac-

tions. As in the case of maternal time reactions to prices, physical capital may

affect children’s cognitive outcomes differently according to their age. To do this,

we introduce a term of Home Quality Index (lagged in five years) interacted with

child age. There are two reasons behind this. First, we try toexplore whether some

29



negative marginal responses to Home Quality Index we observe in Tables 4, 6, 5,

and 7 are due to a possible misspecification. Second, as we include a physical in-

vestment measure interacted with age, we are introducing a variable that is quite

collinear to the price instruments interacted with age. This fact puts greater strain

on our identification strategy because we control for an addition channel that might

explain heterogeneous responses varying in child age. The results show that the es-

timates become larger, except in the case of total maternal time and aprob test. The

marginal effects obtained through different instruments differ more one to another,

but they remain considerably larger than OLS estimates. Thepoint main effect of

Home Quality Index is negative, and the interaction term with age is positive, but

often non-significant. In these cases, Cragg-Donald tests sometimes fall below the

rule-of-thumb value of 10. This is of little concern in this case because the tolerable

bias consistent with a critical value of 10 is close to 10%. Even if we had such bias,

it is unimportant since the LIML estimate is at least 6-20 times as large as the OLS.

Finally, in our online Appendix we also present estimationsthan jointly address

combinations of these caveats. The main results we present here remain intact, even

though it becomes harder to make strong statements due to IV weakness for certain

subpopulations.

6 Conclusions

Having witnessed a unprecedented rise in maternal labor force participation during

the last century, many researchers have attempted to quantify and to understand the

impact of mothers’ work on children’s outcomes. Although studying the impact of

the “treatment” of maternal employment is a reasonable firststep, there is substan-

tial evidence that this is a very noisy, and potentially, biased measure of the actual

time-investment on children. Thus, we take advantage of thespecial features of

the CDS-PSID data set, which allows us to merge important quality and quantity

components of maternal time-investment into an integratedframework that takes

into consideration: (1) high-quality measures of mother-child shared time (Time

Diaries), (2) child cognitive achievements (Child Development Supplement), and
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(3) family background (CDS-PSID family records).

Next, we propose a simple linear human capital empirical model and devise

an identification strategy based on exclusion restrictionsrooted in standard time-

allocation theory. Our main results show that Applied Problems and Word-Letter

Identification tests consistently improve when mothers increase the time shared

with their children in response to a rise of the cost of opportunity of competing

time uses (childcare, housekeeping, offered wages) and changes in budget con-

straints (child income subsidy). The estimates effects arean order of magnitude

larger than those obtained by OLS, which suggests endogeneity is a severe prob-

lem for OLS estimation. The discrepancy between OLS and LIMLestimators is

so large, that even if our estimates were biased due to Weak Instruments problem

(Stock and Yogo 2005), the main conclusions remain unaltered. In the context of

Local Average Effects, the results obtained by different instruments are remarkably

similar one to another, even across different subpopulations of interests. We also

perform several robustness checks that show our results hold even under different

conceptualization of maternal time inputs, different measures of physical goods in-

vestment, and potential age-varying effects of the household investment in goods.

In a context of heterogenous effects, the average effects seem to be driven by the

large response of white high-income children of highly educated mothers, living in

two-parent households. There is also some evidence of larger response of girls for

aprob test, and boys for word test. Moreover, the results remain very similar using

different instruments, showing external validity. The fact that Home Quality Index

generates insignificant impact of children’s outcomes, in most cases, seems roughly

consistent with existing evidence showing that family income variation barely af-

fects children’s outcomes because results are quite modestor insignificant (Blau

1999; Shea 2000).

First-stage results are theoretically sound and are in linewith evidence showing

that maternal childcare time increases with day care price (or underlying costs in

our case), especially for young children (Kimmel and Connelly 2007). The same

kind of substitution effect shows up for variations of housekeeping costs, in line

with previous literature (Cortés and Tessada 2011). A raiseof offered wages usu-

31



ally reduces maternal time-investment, while an incrementof average child income

subsidies increases it. In all cases, the described effectsfade out as children grow

older, suggesting that the identified effect mainly accounts for changes in behavior

of households with young children.

Our results are similar to studies on maternal employment treatment. Bernal

(2008) finds that the effect of maternal employment and a joint increase in child-

care are detrimental for cognitive outcomes. Brooks-Gunn et al. (2002) and Ruhm

(2004) also find a significant negative impact of maternal employment, especially

among more educated mothers. Herbst and Tekin (2010) find a negative impact

of low-quality childcare driven by the welfare benefits. However, we interpret this

resemblance very cautiously because, as we mentioned above, the maternal em-

ployment status is a very imperfect proxy for maternal time-investment in children.

Using actual CDS time-investment measures, Hsin (2008) finds that only mothers

with high literacy test scores positively affect children’s outcomes.

Using detailed time-diary data allows researchers to investigate in greater de-

tail how complex family interactions shape the performanceof children in several

dimensions. A policy implication of our results is that government regulations at-

tempting to spur female labor supply or to provide subsidiesfor childcare should be

carefully evaluated. Although we could interpret the results as a non-optimality in

the margin of maternal time-allocation decisions, we realize that optimal household

welfare may not be consistent with maximizing children’s cognitive outcomes. On

one hand, there are many other child characteristics and skills that are highly valued

by parents. On the other hand, household problems also involve allocating a scarce

resource of time to generate enough income, leisure, and home goods, as well as

children outputs (Del Boca et al. 2010).

On a more general level, a comprehensive empirical understanding of family

behavior is fundamental to understanding the human capitalformation process and

the intergenerational persistence of outcomes. The “nature vs. nurture” debate

may be rephrased in terms of “passive” and “active” parentaleffects on children’s

development. We may understand family environment as a passively transmitted

influence of family “public goods”. For instance, children may be benefited (or
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harmed) by inheriting genes, but also by observing and imitating parental behav-

iors, or by interacting within their social networks. Children can also use educa-

tional or cultural goods that are available for them in a particular household without

mediating parental involvement. The second conceptual “active” channel is related

to purposeful parental behavior and the achieved child specific interaction. This is

not only related to the amount of time devoted to children, but also to the level of

involvement (Folbre et al. 2005), the type of activities chosen, and the parenting

style generated during those interactions. Estimating theimpact of maternal time

resources that are willingly allocated to raise children isa first and limited attempt

to identify the contribution of “active” maternal effects.

33



Appendix 1 Model details

We obtain a solution for unobserved time-investments in terms of the observed ones

by solving the following linear system

x∗n,t = µxn,t−1+(1−µ)xn,t−2+∆en,t

xn,t−1 = µxn,t−2+(1−µ)xn,t−3+∆en,t−1

xn,t−2 = µxn,t−3+(1−µ)xn,t−4+∆en,t−2

xn,t−3 = µxn,t−4+(1−µ)x∗n,t−5+∆en,t−3

The solution is the following

λ1 = µ(µ2−2µ +2)/µ̃ λ2 = (µ2−µ +1)/µ̃
λ3 = µ/µ̃ λ4 = 1/µ̃

with µ̃ ≡ µ4−3µ3+4µ2−2µ +1

Appendix 2 Construction of Home Quality Index

The CDS interviewer is asked several questions regarding the household he/she

visits by expressing his/her agreement with the following statements: (1) Inte-

rior of the home is dark or perceptually monotonous; (2) All visible rooms in the

(house/apartment) are cluttered; (3) All visible rooms in the (house/apartment) are

clean; and (4) Child’s play environment is safe (no potentially dangerous health or

structural hazards within a child’s range).

Answers use an ordinal scale ranging from 1 to 5 ( “Not at all” (1) to “Some-

what” (3) to “Very much” (5)) except for the safety question which receives 1 (“Not

safe” or “I do not know”) or 5 (“Safe”). Since we want the Home Quality Index to

be a positive scale, we reverse the scale of the two first questions. Once this is done,

the Home Quality Index is built by adding the scores for the four mentioned ques-

tions. Even though is not perfect, this is a consistent measure for the three waves of

the CDS.
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Figure 1: Maternal childcare time vs Maternal hours worked
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The figures show scatter diagrams of maternal time with children and hours worked. The solid line
correspond to a local polynomial regression of degree 1 withEpanechnikov kernel.

Figure 2: Maternal childcare time vs Maternal housework hours
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The figures show scatter diagrams of maternal time with children and housework hours. The solid
line correspond to a local polynomial regression of degree 1with Epanechnikov kernel.
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Table 1: Descriptive statistics (I)

Panel A: Child gender and Child Age
Bin Stat aprob word Total Total Active Active Mom hours Mom hours Mom Mom

time time> 0 time time> 0 worked housework educ age
male X 104.6 104.2 39.4 39.8 19.5 19.8 23.8 17.0 13.0 35.5

age 5-10 S 18.8 17.2 17.1 16.8 10.8 10.5 16.1 12.3 2.5 6.5
N 487 490 484 479 484 476 511 511 490 511

female X 105.6 108.8 37.1 37.3 19.5 20.0 25.1 16.6 13.0 34.6
age 5-10 S 15.6 16.0 16.3 16.2 10.5 10.2 16.1 12.9 2.5 6.0

N 433 433 423 421 423 414 450 450 435 450
male X 104.3 100.8 35.7 36.1 14.8 15.5 26.2 16.7 13.0 39.5

age 11-14 S 16.5 17.9 18.3 18.0 11.8 11.6 17.2 12.9 2.5 6.1
N 640 640 614 608 614 586 658 657 629 658

female X 103.8 104.4 37.4 37.8 17.2 17.8 25.5 16.3 13.0 39.1
age 11-14 S 15.4 16.9 18.8 18.5 12.1 11.9 16.7 11.9 2.5 5.9

N 665 666 650 643 650 627 679 677 660 679
male X 101.3 99.9 28.1 29.2 9.8 11.7 28.4 16.1 13.0 43.0

age 15+ S 16.5 20.6 19.4 19.0 11.3 11.4 17.2 11.5 2.8 5.6
N 549 549 527 508 527 445 565 564 546 565

female X 99.3 103.3 30.5 31.5 12.6 14.1 27.8 15.9 12.9 43.0
age 15+ S 15.2 19.8 19.7 19.2 12.2 12.1 17.5 11.5 2.7 5.6

N 578 581 557 540 557 496 597 597 577 597
Panel B: Mother College and Child Age

mom NC X 98.4 99.4 35.6 36.4 17.0 18.0 17.7 17.8 9.4 32.3
age 5-10 S 15.0 16.8 17.3 16.6 10.8 10.3 15.1 15.5 2.0 6.2

N 169 171 173 169 173 164 179 179 179 179
mom C X 106.5 108.0 39.1 39.2 20.1 20.3 26.0 16.8 13.9 35.7

age 5-10 S 17.6 16.1 16.6 16.4 10.6 10.4 15.9 11.9 1.8 6.1
N 716 717 699 696 699 691 746 746 746 746

mom NC X 96.3 92.9 33.2 34.0 13.6 14.7 18.6 19.0 9.1 36.8
age 11-14 S 13.7 14.9 18.5 18.1 12.1 11.9 17.2 14.4 2.4 6.1

N 200 200 188 184 188 174 204 204 204 204
mom C X 105.5 104.6 37.1 37.5 16.5 17.1 27.1 16.1 13.7 39.8

age 11-14 S 16.0 17.4 18.5 18.3 12.1 11.9 16.6 11.9 1.7 5.8
N 1058 1059 1033 1024 1033 1000 1085 1082 1085 1085

mom NC X 93.3 92.9 30.2 30.9 11.5 13.5 21.0 20.1 8.6 40.7
age 15+ S 13.1 16.2 19.3 18.9 12.0 11.9 17.2 15.3 2.9 5.7

N 171 173 165 161 165 141 177 177 177 177
mom C X 101.9 103.5 29.2 30.3 11.3 13.0 29.2 15.3 13.7 43.4
age 15+ S 16.1 20.5 19.7 19.2 11.9 11.9 17.1 10.4 1.8 5.4

N 919 920 880 848 880 766 946 945 946 946
Panel C: Mother working status

No work X 102.8 102.4 39.0 39.5 17.0 18.3 0.0 23.9 12.2 39.9
S 17.0 19.6 19.9 19.6 13.0 12.6 0.0 15.8 2.9 6.4
N 478 478 465 459 465 433 528 526 511 528

Part-time X 104.5 104.7 36.8 37.2 16.5 17.4 14.1 19.5 12.8 38.9
(1-25 hours) S 17.2 18.4 18.2 17.8 11.7 11.3 7.3 13.5 2.9 7.0

N 933 938 923 912 923 873 1020 1018 988 1020
Full time X 102.4 102.9 32.6 33.3 14.5 15.6 38.6 13.1 13.3 39.5

(25+ hours) S 15.9 18.0 18.7 18.2 11.9 11.7 8.6 9.0 2.3 6.5
N 1941 1943 1875 1836 1875 1746 2127 2127 2044 2127

Total X 103.0 103.3 34.7 35.3 15.4 16.5 26.2 16.4 13.0 39.4
S 16.4 18.4 18.9 18.5 12.1 11.7 16.9 12.3 2.6 6.7
N 3352 3359 3263 3207 3263 3052 3675 3671 3543 3675

Notes: (1) We restrict the sample to children whose Primary Care Giver (PCG) is his/her biological mother.
(2) Mom C stands for mother with college education; Mom NC formother with no college.
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Table 2: Descriptive statistics (II)

Panel A: Child gender and Child Age
Bin Stat Child Child Child Fem HQI Avg log Avg log w Avg log w Avg log w Avgchild inc

fem white black Head fam inc childcare housekeep offered subsidy
male X 0.00 0.52 0.34 0.26 16.7 9.12 3.42 5.04 5.94 175.1

age 5-10 S 0.00 0.50 0.48 0.44 3.5 0.87 0.73 0.47 0.13 41.4
N 511 511 511 511 453 511 511 511 511 511

female X 1.00 0.52 0.33 0.28 16.7 9.06 3.47 5.11 5.93 176.4
age 5-10 S 0.00 0.50 0.47 0.45 3.6 0.95 0.64 0.41 0.12 41.3

N 450 450 450 450 406 450 448 448 448 448
male X 0.00 0.47 0.40 0.35 16.3 9.10 3.47 4.98 5.89 164.9

age 11-14 S 0.00 0.50 0.49 0.48 3.8 0.93 0.73 0.48 0.15 43.3
N 658 658 658 658 528 658 658 658 658 658

female X 1.00 0.51 0.38 0.33 16.3 9.11 3.51 5.01 5.88 166.0
age 11-14 S 0.00 0.50 0.49 0.47 3.9 1.00 0.70 0.45 0.15 43.4

N 679 679 679 679 562 678 678 678 678 678
male X 0.00 0.46 0.44 0.33 16.3 9.18 3.54 5.04 5.89 169.5

age 15+ S 0.00 0.50 0.50 0.47 3.7 0.93 0.71 0.49 0.14 43.8
N 565 565 565 565 456 564 565 565 565 565

female X 1.00 0.48 0.39 0.32 16.3 9.18 3.50 5.00 5.89 168.3
age 15+ S 0.00 0.50 0.49 0.47 3.8 1.00 0.64 0.49 0.15 43.7

N 597 597 597 597 490 594 597 597 597 597
Panel B: Mother College and Child Age

mom NC X 0.49 0.27 0.45 0.39 14.9 8.32 3.44 5.07 5.90 170.6
age 5-10 S 0.50 0.44 0.50 0.49 4.3 0.94 0.65 0.51 0.12 41.1

N 179 179 179 179 157 179 179 179 179 179
mom C X 0.47 0.58 0.31 0.24 17.1 9.28 3.46 5.08 5.95 176.5

age 5-10 S 0.50 0.49 0.46 0.43 3.2 0.78 0.70 0.42 0.12 41.6
N 746 746 746 746 670 746 744 744 744 744

mom NC X 0.53 0.23 0.46 0.46 14.3 8.19 3.47 4.95 5.85 154.0
age 11-14 S 0.50 0.42 0.50 0.50 4.7 0.92 0.62 0.49 0.14 41.3

N 204 204 204 204 163 204 204 204 204 204
mom C X 0.51 0.55 0.37 0.33 16.6 9.28 3.49 5.00 5.89 167.9

age 11-14 S 0.50 0.50 0.48 0.47 3.6 0.87 0.73 0.47 0.15 43.8
N 1085 1085 1085 1085 884 1084 1084 1084 1084 1084

mom NC X 0.55 0.16 0.48 0.43 15.1 8.32 3.50 4.96 5.86 155.6
age 15+ S 0.50 0.37 0.50 0.50 4.0 0.93 0.59 0.51 0.14 41.6

N 177 177 177 177 136 173 177 177 177 177
mom C X 0.51 0.54 0.40 0.31 16.5 9.34 3.52 5.03 5.90 171.3
age 15+ S 0.50 0.50 0.49 0.46 3.6 0.90 0.69 0.48 0.14 43.8

N 946 946 946 946 778 946 946 946 946 946
Panel C: Mother working status

No work X 0.50 0.50 0.34 0.27 16.1 8.76 3.53 4.95 5.88 162.8
S 0.50 0.50 0.47 0.44 4.2 1.29 0.70 0.47 0.15 41.9
N 528 528 528 528 412 523 528 528 528 528

Part-time X 0.49 0.57 0.29 0.24 16.5 9.02 3.45 5.05 5.92 172.2
(1-25 hours) S 0.50 0.50 0.45 0.43 3.8 1.01 0.72 0.46 0.14 43.3

N 1020 1020 1020 1020 817 1020 1017 1017 1017 1017
Full time X 0.49 0.46 0.44 0.37 16.5 9.27 3.49 5.02 5.90 170.4

(25+ hours) S 0.50 0.50 0.50 0.48 3.5 0.78 0.68 0.48 0.14 43.5
N 2127 2127 2127 2127 1689 2127 2127 2127 2127 2127

Total X 0.49 0.49 0.38 0.32 16.4 9.13 3.48 5.02 5.90 169.8
S 0.50 0.50 0.49 0.47 3.7 0.95 0.70 0.47 0.14 43.3
N 3675 3675 3675 3675 2918 3670 3672 3672 3672 3672

Notes: (1) We restrict the sample to children whose Primary Care Giver (PCG) is his/her biological mother.
(2) Mom C stands for mother with college education; Mom NC formother with no college.
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Table 3: Pairwise correlations between maternal time and other time uses

log (hours log (hours log hours log hours log (hours log (hours log hours log hours
worked + 1/60) housew + 1/60) worked> 0 housew> 0 worked + 1/60) housew + 1/60) worked> 0 housew> 0

All Child age 5-10
log (total shared ρ -0.073*** 0.076*** -0.084*** 0.086*** -0.118*** 0.162*** -0.108*** 0.205***

time + 1/60) N 3263 3259 2798 3231 907 907 791 900
log (total shared ρ -0.094*** 0.092*** -0.102*** 0.088*** -0.151*** 0.147*** -0.181*** 0.184***
time), time> 0 N 3207 3204 2748 3176 900 900 784 893

log (active shared ρ -0.036*** 0.081*** -0.075*** 0.114*** -0.034 0.115*** -0.068** 0.156***
time + 1/60) N 3263 3259 2798 3231 907 907 791 900

log (active shared ρ -0.068*** 0.059*** -0.083*** 0.069*** -0.081*** 0.096*** -0.102*** 0.133***
time), time> 0 N 3052 3049 2619 3021 890 890 777 883

Child age 11-14 Child age 15+
log (total shared ρ -0.028 0.066*** -0.05** 0.07*** -0.084*** 0.06*** -0.066*** 0.051**

time + 1/60) N 1264 1261 1067 1246 1084 1083 933 1077
log (total shared ρ -0.058*** 0.089*** -0.042* 0.081*** -0.097*** 0.087*** -0.077*** 0.056**
time), time> 0 N 1251 1249 1057 1234 1048 1047 900 1041

log (active shared ρ -0.039* 0.058*** -0.054** 0.09*** -0.022 0.106*** -0.037 0.129***
time + 1/60) N 1264 1261 1067 1246 1084 1083 933 1077

log (active shared ρ -0.046* 0.059*** -0.055** 0.073*** -0.079*** 0.06** -0.039 0.045*
time), time> 0 N 1213 1211 1023 1196 941 940 812 934

Mother no college Mother college
log (total shared ρ -0.008 0.094*** -0.018 0.139*** -0.099*** 0.07*** -0.100*** 0.076***

time + 1/60) N 527 527 388 518 2619 2615 2308 2600
log (total shared ρ -0.069* 0.078** -0.12*** 0.094*** -0.108*** 0.09*** -0.100*** 0.089***
time), time> 0 N 515 515 380 506 2575 2572 2266 2557

log (active shared ρ -0.023 0.042 -0.073* 0.096*** -0.051*** 0.102*** -0.079*** 0.128***
time + 1/60) N 527 527 388 518 2619 2615 2308 2600

log (active shared ρ -0.097*** 0.038 -0.152*** 0.059 -0.075*** 0.068*** -0.071*** 0.075***
time), time> 0 N 480 480 355 471 2464 2461 2171 2446

All statistics are pairwise correlations in different subsamples.
∗∗∗ Significant at 5%;∗∗ Significant at 10%;∗ Significant at 20%.
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Table 4: Effects of Log total maternal time in Applied Problems

OLS IV 1 IV 2 IV 3 IV 4
γ δ0 γ δ0 CD/N γ δ0 CD/N γ δ0 CD/N γ δ0 CD/N

All 1.537*** 0.281 19.811*** -1.05* 40.522 19.331*** -1.015* 48.938 20.026*** -1.066* 45.845 18.219*** -0.932 54.999
[4.05] [0.61] [7.46] [1.34] 1740 [8.1] [1.33] 1740 [7.96] [1.36] 1740 [8.37] [1.27] 1740

Mother 1.383*** 0.611 17.317*** -1.061 15.14 16.092*** -0.933 20.585 16.942*** -1.022 17.929 15.619*** -0.883 21.425
educ≤ 12 [2.86] [0.87] [4.67] [0.87] 797 [5.14] [0.81] 797 [4.93] [0.85] 797 [5.2] [0.78] 797
Mother 1.731*** 0.014 22.250*** -1.066 27.234 22.483*** -1.079 29.742 22.956*** -1.104 29.707 20.530*** -0.973 36.198
educ> 12 [2.88] [0.02] [5.89] [1.05] 943 [6.32] [1.06] 943 [6.36] [1.07] 943 [6.68] [1.02] 943
Male 1.660*** 0.636 19.682*** -1.139 22.984 19.503*** -1.121 26.052 19.789*** -1.15 26.649 17.168*** -0.892 34.839
Child [3.11] [0.93] [5.66] [0.99] 874 [5.96] [0.98] 874 [6.07] [1] 874 [6.42] [0.85] 874
Female 1.387*** -0.059 19.967*** -0.983 18.034 19.045*** -0.935 23.442 20.175*** -0.994 20.348 18.933*** -0.929 23.096
Child [2.56] [0.09] [4.95] [0.93] 866 [5.55] [0.91] 866 [5.29] [0.93] 866 [5.52] [0.91] 866
White 1.841*** 0.639 24.802*** -0.394 29.612 23.702*** -0.343 37.373 23.980*** -0.356 36.817 22.183*** -0.273 41.775
Child [2.84] [1.04] [6.41] [0.38] 961 [7.02] [0.34] 961 [6.96] [0.35] 961 [7.15] [0.28] 961
Black 0.806* 0.207 15.195*** -1.652 8.966 15.124*** -1.642 9.837 16.241*** -1.787 9.272 12.504*** -1.304 17.816
Child [1.57] [0.26] [3.05] [1.18] 630 [3.52] [1.21] 630 [3.55] [1.25] 630 [4.34] [1.11] 630
Low 1.088*** -0.12 18.281*** -3.045*** 14.57 18.638*** -3.106*** 16.234 18.804*** -3.134*** 16.604 18.023*** -3.002*** 16.767
Income [2.15] [0.15] [4.52] [2.05] 771 [4.73] [2.08] 771 [4.8] [2.09] 771 [4.82] [2.07] 771
High 2.405*** 0.384 20.606*** 0.043 27.998 19.172*** 0.072 36.038 20.208*** 0.051 32.283 17.534*** 0.106 43.718
Income [4.06] [0.67] [6.15] [0.05] 969 [6.78] [0.09] 969 [6.56] [0.06] 969 [7.03] [0.13] 969
Male 1.617*** 0.708* 21.179*** -1.063 32.643 20.736*** -1.022 39.068 21.740*** -1.114 35.421 20.727*** -1.021 38.019
Head [2.94] [1.31] [6.54] [1.16] 1198 [7.07] [1.14] 1198 [6.91] [1.2] 1198 [7.01] [1.14] 1198
Female 1.156*** -0.901 16.422*** -1.971* 10.1 15.551*** -1.91* 12.921 14.896*** -1.864* 14.961 12.343*** -1.685* 21.337
Head [2.03] [0.97] [3.74] [1.29] 542 [4.06] [1.3] 542 [4.08] [1.3] 542 [4.57] [1.32] 542

Notes:

1. Unreported regressors include female child dummy and mother education. Home Quality Index is the physical investment measure.

2. IV1 are Avg log wage child care occupation by state & year (CPS) and child age interaction. IV2 are Avg log wage housekeeping by
state & year (CPS) and child age interaction. IV3 are Avg log wage offered by state & year (CPS) and child age interaction. IV4 are Avg
income child subsidy by state & year (CPS) and child age interaction.

3. Test-t are in brackets below estimated coefficients.

4. ∗∗∗ Significant at 5%;∗∗ Significant at 10%;∗ Significant at 20%.
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Table 5: Effects of Log total maternal time in Word-Letter Identification

OLS IV 1 IV 2 IV 3 IV 4
γ δ0 γ δ0 CD/N γ δ0 CD/N γ δ0 CD/N γ δ0 CD/N

All 1.171*** -2.078*** 8.184*** -2.527*** 39.91 8.000*** -2.514*** 47.92 7.962*** -2.511*** 44.98 7.429*** -2.473*** 54.12
[3.33] [4.84] [4.79] [5.05] 1748 [5.12] [5.08] 1748 [4.72] [5.06] 1748 [4.75] [5.08] 1748

Mother 1.390*** -2.061*** 7.197*** -2.652*** 14.41 6.528*** -2.584*** 19.38 6.768*** -2.608*** 16.96 7.325*** -2.665*** 20.49
educ≤ 12 [3.39] [3.46] [3.14] [3.69] 802 [3.3] [3.73] 802 [3.13] [3.71] 802 [3.58] [3.73] 802
Mother 0.874* -2.125*** 9.093*** -2.469*** 27.54 9.445*** -2.487*** 30.07 9.168*** -2.473*** 30.04 7.542*** -2.387*** 36.51
educ> 12 [1.48] [3.51] [3.59] [3.57] 946 [3.86] [3.57] 946 [3.66] [3.57] 946 [3.24] [3.59] 946
Male 1.407*** -1.941*** 9.747*** -2.73*** 23.26 9.906*** -2.745*** 26.25 9.717*** -2.727*** 26.87 8.349*** -2.597*** 34.98
Child [2.93] [3.16] [4.27] [3.58] 875 [4.53] [3.59] 875 [4.15] [3.57] 875 [4.01] [3.59] 875
Female 0.893** -2.222*** 6.030*** -2.383*** 17.23 5.684*** -2.366*** 22.27 5.649*** -2.364*** 19.43 5.764*** -2.37*** 22.24
Child [1.73] [3.7] [2.38] [3.65] 873 [2.55] [3.67] 873 [2.34] [3.66] 873 [2.51] [3.66] 873
White 0.707 -1.668*** 12.163*** -2.092*** 29.6 11.406*** -2.058*** 36.97 11.154*** -2.047*** 36.54 10.208*** -2.005*** 41.52
Child [1.15] [2.85] [4.51] [2.9] 965 [4.79] [2.93] 965 [4.55] [2.93] 965 [4.48] [2.95] 965
Black 0.899*** -2.32*** 4.805** -2.804*** 8.591 4.380** -2.751*** 9.476 3.560* -2.65*** 8.836 3.372** -2.626*** 17.35
Child [2.06] [3.46] [1.82] [3.57] 635 [1.79] [3.59] 635 [1.42] [3.51] 635 [1.82] [3.64] 635
Low 1.118*** -2.41*** 7.841*** -3.505*** 14.05 7.314*** -3.419*** 15.56 7.143*** -3.391*** 15.93 8.832*** -3.666*** 16.1
Income [2.55] [3.51] [3.12] [3.92] 775 [3.02] [3.92] 775 [2.86] [3.88] 775 [3.24] [3.9] 775
High 1.387*** -1.952*** 8.352*** -2.016*** 28.07 8.764*** -2.025*** 35.83 8.348*** -2.016*** 32.26 6.408*** -1.975*** 43.73
Income [2.4] [3.48] [3.62] [3.27] 973 [4.2] [3.25] 973 [3.73] [3.27] 973 [3.37] [3.35] 973
Male 0.844* -2.177*** 9.700*** -2.903*** 32.26 9.715*** -2.905*** 38.29 9.774*** -2.91*** 34.96 9.546*** -2.89*** 37.78
Head [1.59] [4.18] [4.3] [4.58] 1203 [4.66] [4.62] 1203 [4.38] [4.59] 1203 [4.34] [4.59] 1203
Female 1.072*** -1.203* 4.470** -1.432** 9.897 3.988** -1.399** 12.64 2.859* -1.323** 14.53 2.825* -1.321** 20.53
Head [2.26] [1.55] [1.84] [1.73] 545 [1.85] [1.72] 545 [1.4] [1.67] 545 [1.59] [1.67] 545

Notes:

1. Unreported regressors include female child dummy and mother education. Home Quality Index is the physical investment measure.

2. IV1 are Avg log wage child care occupation by state & year (CPS) and child age interaction. IV2 are Avg log wage housekeeping by
state & year (CPS) and child age interaction. IV3 are Avg log wage offered by state & year (CPS) and child age interaction. IV4 are Avg
income child subsidy by state & year (CPS) and child age interaction.

3. Test-t are in brackets below estimated coefficients.

4. ∗∗∗ Significant at 5%;∗∗ Significant at 10%;∗ Significant at 20%.
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Table 6: Effects of Log total active maternal time in AppliedProblems

OLS IV 1 IV 2 IV 3 IV 4
γ δ0 γ δ0 CD/N γ δ0 CD/N γ δ0 CD/N γ δ0 CD/N

All 1.315*** 0.33 9.215*** 1.144** 68.922 9.388*** 1.161** 76.329 9.353*** 1.158** 77.745 9.327*** 1.155** 76.625
[5.01] [0.71] [8.9] [1.76] 1740 [9.35] [1.77] 1740 [9.45] [1.77] 1740 [9.34] [1.77] 1740

Mother 1.058*** 0.713 7.234*** 1.248* 32.216 7.588*** 1.279* 33.211 7.444*** 1.266* 33.793 7.552*** 1.276* 32.96
educ≤ 12 [3.14] [1.02] [5.63] [1.33] 797 [6.03] [1.33] 797 [6.02] [1.33] 797 [5.99] [1.33] 797
Mother 1.630*** 0.028 10.847*** 1.087 41.474 11.122*** 1.118 45.169 11.206*** 1.127 46.324 11.002*** 1.104 46.081
educ> 12 [3.95] [0.05] [6.91] [1.24] 943 [7.23] [1.26] 943 [7.37] [1.27] 943 [7.26] [1.26] 943
Male 1.654*** 0.744 8.397*** 1.335* 49.31 8.446*** 1.339* 54.35 8.552*** 1.349* 55.976 8.485*** 1.343* 54.044
Child [4.47] [1.11] [7.21] [1.52] 874 [7.54] [1.52] 874 [7.68] [1.52] 874 [7.54] [1.52] 874
Female 0.933*** -0.073 10.728*** 1.088 21.728 11.088*** 1.13 24.267 10.897*** 1.108 24.419 10.788*** 1.095 25.102
Child [2.5] [0.12] [5.3] [1.08] 866 [5.56] [1.1] 866 [5.62] [1.09] 866 [5.6] [1.09] 866
White 1.476*** 0.66 12.485*** 1.515** 42.979 12.076*** 1.484** 53.036 12.094*** 1.486** 53.145 11.922*** 1.472** 52.377
Child [3.22] [1.07] [7.13] [1.65] 961 [7.74] [1.65] 961 [7.73] [1.65] 961 [7.65] [1.65] 961
Black 0.611** 0.144 6.042*** 0.482 19.949 6.476*** 0.509 19.934 6.719*** 0.525 20.543 6.697*** 0.523 23.167
Child [1.72] [0.18] [4.13] [0.48] 630 [4.19] [0.49] 630 [4.44] [0.5] 630 [4.68] [0.5] 630
Low 1.129*** -0.09 7.787*** -0.352 30.103 8.145*** -0.367 31.329 8.060*** -0.363 33.444 8.005*** -0.361 31.991
Income [3.26] [0.12] [5.67] [0.34] 771 [5.92] [0.34] 771 [6.11] [0.34] 771 [5.94] [0.34] 771
High 1.878*** 0.475 10.428*** 2.086*** 40.744 10.101*** 2.025*** 49.078 10.231*** 2.050*** 47.649 10.100*** 2.025*** 48.417
Income [4.47] [0.83] [7] [2.51] 969 [7.47] [2.5] 969 [7.42] [2.51] 969 [7.42] [2.5] 969
Male 1.667*** 0.733* 10.619*** 1.556*** 49.217 10.505*** 1.546*** 58.246 10.547*** 1.550*** 58.208 10.621*** 1.556*** 55.486
Head [4.25] [1.36] [7.6] [2.04] 1198 [8.12] [2.04] 1198 [8.13] [2.04] 1198 [7.95] [2.04] 1198
Female 0.918*** -0.719 6.787*** -0.354 23.144 7.031*** -0.339 24.068 7.114*** -0.334 24.24 6.837*** -0.351 26.299
Head [2.34] [0.78] [4.69] [0.3] 542 [4.83] [0.28] 542 [4.93] [0.27] 542 [5.01] [0.29] 542

Notes:

1. Unreported regressors include female child dummy and mother education. Home Quality Index is the physical investment measure.

2. IV1 are Avg log wage child care occupation by state & year (CPS) and child age interaction. IV2 are Avg log wage housekeeping by
state & year (CPS) and child age interaction. IV3 are Avg log wage offered by state & year (CPS) and child age interaction. IV4 are Avg
income child subsidy by state & year (CPS) and child age interaction.

3. Test-t are in brackets below estimated coefficients.

4. ∗∗∗ Significant at 5%;∗∗ Significant at 10%;∗ Significant at 20%.
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Table 7: Effects of Log total active maternal time in Word-Letter Identification

OLS IV 1 IV 2 IV 3 IV 4
γ δ0 γ δ0 CD/N γ δ0 CD/N γ δ0 CD/N γ δ0 CD/N

All 0.838*** -2.032*** 3.804*** -1.662*** 67.58 3.912*** -1.651*** 74.7 3.840*** -1.658*** 76.17 4.205*** -1.619*** 75.03
[3.45] [4.75] [5.06] [3.58] 1748 [5.42] [3.54] 1748 [5.29] [3.57] 1748 [5.64] [3.42] 1748

Mother 0.811*** -1.887*** 2.582*** -1.732*** 30.45 3.257*** -1.672*** 31.24 3.063*** -1.689*** 31.79 3.733*** -1.631*** 31.2
educ≤ 12 [2.83] [3.17] [2.91] [2.78] 802 [3.72] [2.6] 802 [3.52] [2.65] 802 [4.11] [2.46] 802
Mother 0.837*** -2.196*** 4.616*** -1.649*** 41.96 4.563*** -1.655*** 45.75 4.589*** -1.652*** 46.99 4.724*** -1.636*** 46.4
educ> 12 [2.08] [3.63] [3.91] [2.48] 946 [3.98] [2.5] 946 [4.02] [2.49] 946 [4.03] [2.45] 946
Male 0.967*** -1.813*** 4.072*** -1.508*** 49.39 4.291*** -1.487*** 54.21 4.154*** -1.5*** 55.99 4.525*** -1.464*** 53.63
Child [2.89] [2.97] [4.62] [2.27] 875 [5.03] [2.21] 875 [4.84] [2.25] 875 [5.06] [2.15] 875
Female 0.677** -2.257*** 3.314*** -1.848*** 20.58 3.192*** -1.862*** 23.06 3.237*** -1.857*** 23.21 3.583*** -1.817*** 24.02
Child [1.91] [3.75] [2.45] [2.84] 873 [2.48] [2.88] 873 [2.51] [2.87] 873 [2.78] [2.77] 873
White 0.716** -1.676*** 6.050*** -1.127** 43.19 5.779*** -1.15** 52.85 5.574*** -1.168** 53.33 5.746*** -1.153** 52.3
Child [1.65] [2.88] [4.75] [1.67] 965 [5.01] [1.73] 965 [4.81] [1.77] 965 [4.93] [1.74] 965
Black 0.249 -2.341*** 1.660* -2.251*** 18.5 1.734* -2.246*** 18.43 1.659* -2.251*** 18.99 2.230*** -2.215*** 21.58
Child [0.81] [3.47] [1.55] [3.25] 635 [1.64] [3.24] 635 [1.61] [3.25] 635 [2.22] [3.12] 635
Low 0.679*** -2.326*** 3.377*** -2.392*** 28.51 3.396*** -2.392*** 29.58 3.158*** -2.386*** 31.68 3.921*** -2.405*** 30.1
Income [2.26] [3.42] [3.46] [3.26] 775 [3.53] [3.25] 775 [3.33] [3.29] 775 [3.86] [3.17] 775
High 1.196*** -1.917*** 4.241*** -1.269*** 41.27 4.565*** -1.209** 49.63 4.372*** -1.245*** 48.2 4.423*** -1.235*** 48.98
Income [2.92] [3.42] [3.79] [2.04] 973 [4.35] [1.94] 973 [4.11] [2.01] 973 [4.18] [1.99] 973
Male 1.010*** -2.236*** 4.966*** -1.781*** 49.11 5.021*** -1.776*** 57.82 4.790*** -1.798*** 58.15 5.196*** -1.759*** 55.4
Head [2.67] [4.31] [4.69] [3.09] 1203 [5.06] [3.08] 1203 [4.82] [3.15] 1203 [5.04] [3.03] 1203
Female 0.376 -1.087* 1.602* -1.013* 22.07 1.841** -0.999 22.72 1.745** -1.005 22.88 2.122*** -0.982 24.65
Head [1.14] [1.42] [1.64] [1.3] 545 [1.9] [1.27] 545 [1.8] [1.28] 545 [2.2] [1.24] 545

Notes:

1. Unreported regressors include female child dummy and mother education. Home Quality Index is the physical investment measure.

2. IV1 are Avg log wage child care occupation by state & year (CPS) and child age interaction. IV2 are Avg log wage housekeeping by
state & year (CPS) and child age interaction. IV3 are Avg log wage offered by state & year (CPS) and child age interaction. IV4 are Avg
income child subsidy by state & year (CPS) and child age interaction.

3. Test-t are in brackets below estimated coefficients.

4. ∗∗∗ Significant at 5%;∗∗ Significant at 10%;∗ Significant at 20%.
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Table 8: First stage for Log total maternal time

IV 1 IV 2 IV 3 IV 4
zt zt ×at x∗t−5 R2 / N zt zt ×at x∗t−5 R2 / N zt zt ×at x∗t−5 R2 / N zt zt ×at x∗t−5 R2 / N

All 0.342*** -0.027*** 0.025*** 0.065 0.131*** -0.02*** 0.022*** 0.073 -0.131 -0.017*** 0.024*** 0.07 0.006*** -0.001*** 0.022** 0.079
[5.9] [8.85] [2.21] 1748 [2.01] [9.42] [1.96] 1748 [0.64] [9.34] [2.1] 1748 [5.8] [9.81] [1.9] 1748

Mother 0.379*** -0.027*** 0.028** 0.058 0.08 -0.021*** 0.026* 0.069 -0.352 -0.017*** 0.024* 0.064 0.005*** -0.001*** 0.024* 0.071
educ<= 12 [3.82] [5.37] [1.65] 802 [0.77] [5.88] [1.52] 802 [1.04] [5.52] [1.41] 802 [3.12] [5.85] [1.41] 802
Mother 0.315*** -0.027*** 0.024* 0.065 0.168*** -0.02*** 0.022* 0.069 0.07 -0.017*** 0.024* 0.069 0.007*** -0.001*** 0.022* 0.081
educ> 12 [4.58] [7.21] [1.57] 946 [2.07] [7.54] [1.38] 946 [0.28] [7.75] [1.56] 946 [5.01] [8.15] [1.4] 946
Male 0.371*** -0.03*** 0.037*** 0.075 0.146* -0.022*** 0.035*** 0.081 -0.365 -0.019*** 0.036*** 0.083 0.006*** -0.001*** 0.034*** 0.098
Child [4.38] [6.69] [2.27] 875 [1.56] [6.96] [2.12] 875 [1.23] [7.06] [2.21] 875 [3.68] [7.52] [2.09] 875
Female 0.331*** -0.025*** 0.013 0.054 0.123* -0.019*** 0.01 0.065 0.104 -0.016*** 0.012 0.059 0.007*** -0.001*** 0.01 0.065
Child [4.11] [5.86] [0.82] 873 [1.35] [6.45] [0.63] 873 [0.37] [6.23] [0.74] 873 [4.64] [6.55] [0.64] 873
White 0.367*** -0.026*** 0.038*** 0.07 0.172*** -0.02*** 0.037*** 0.083 -0.149 -0.017*** 0.037*** 0.082 0.006*** -0.001*** 0.035*** 0.091
Child [6.08] [7.69] [2.14] 965 [2.32] [8.48] [2.09] 965 [0.61] [8.37] [2.09] 965 [5.5] [8.81] [2.02] 965
Black 0.144 -0.023*** 0.005 0.044 0.005 -0.016*** -0.002 0.046 -0.538* -0.014*** -0.003 0.044 0.002 -0.001*** -0.01 0.069
Child [1.07] [3.73] [0.25] 635 [0.04] [3.7] [0.12] 635 [1.41] [3.81] [0.17] 635 [0.95] [4.24] [0.55] 635
Low 0.297*** -0.027*** 0.016 0.057 0.117 -0.02*** 0.012 0.06 -0.402 -0.017*** 0.011 0.061 0.006*** -0.001*** 0.012 0.061
Income [2.92] [5.15] [1] 775 [1.12] [5.39] [0.73] 775 [1.17] [5.4] [0.68] 775 [3.55] [5.52] [0.75] 775
High 0.364*** -0.028*** 0.033** 0.073 0.135* -0.021*** 0.031* 0.087 -0.015 -0.018*** 0.031* 0.081 0.006*** -0.001*** 0.029* 0.101
Income [5.34] [7.46] [1.69] 973 [1.63] [8.09] [1.61] 973 [0.06] [7.99] [1.61] 973 [4.55] [8.5] [1.54] 973
Male 0.334*** -0.026*** 0.041*** 0.082 0.117** -0.019*** 0.038*** 0.091 0.036 -0.016*** 0.041*** 0.086 0.006*** -0.001*** 0.038*** 0.09
Head [5.54] [7.96] [2.18] 1203 [1.66] [8.42] [2.06] 1203 [0.16] [8.34] [2.18] 1203 [5.48] [8.43] [2.05] 1203
Female 0.378*** -0.03*** -0.005 0.04 0.117 -0.023*** -0.011 0.049 -0.82*** -0.019*** -0.016 0.056 0.006*** -0.001*** -0.02 0.075
Head [2.71] [4.43] [0.25] 545 [0.84] [4.74] [0.56] 545 [1.98] [4.71] [0.84] 545 [2.44] [5.51] [1.02] 545

Notes:

1. First-stage estimates come from the sample of valid Word-Letter Identification test. Minor differences occur for samples of other tests.

2. Unreported regressors include female child dummy, mother education and Home Quality Index.

3. IV1 are Avg log wage child care occupation by state & year (CPS) and child age interaction. IV2 are Avg log wage housekeeping by
state & year (CPS) and child age interaction. IV3 are Avg log wage offered by state & year (CPS) and child age interaction. IV4 are Avg
income child subsidy by state & year (CPS) and child age interaction.

4. Test-t are in brackets below estimated coefficients.

5. ∗∗∗ Significant at 5%;∗∗ Significant at 10%;∗ Significant at 20%.
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Table 9: First stage for Log active maternal time

IV 1 IV 2 IV 3 IV 4
IV IV ×a x∗t−5 R2 / N IV IV ×a x∗t−5 R2 / N IV IV ×a x∗t−5 R2 / N IV IV ×a x∗t−5 R2 / N

All 0.858*** -0.056*** 0.085*** 0.107 0.580*** -0.042*** 0.085*** 0.113 0.274 -0.036*** 0.083*** 0.115 0.016*** -0.001*** 0.084*** 0.114
[9.41] [11.59] [4.64] 1748 [5.68] [12.22] [4.62] 1748 [0.86] [12.34] [4.55] 1748 [9.46] [12.24] [4.57] 1748

Mother 1.098*** -0.06*** 0.080*** 0.095 0.582*** -0.045*** 0.082*** 0.096 0.053 -0.038*** 0.078*** 0.097 0.016*** -0.001*** 0.082*** 0.096
educ<= 12 [7.01] [7.42] [2.87] 802 [3.52] [7.9] [2.93] 802 [0.1] [7.91] [2.75] 802 [5.94] [7.88] [2.91] 802
Mother 0.705*** -0.053*** 0.094*** 0.114 0.572*** -0.039*** 0.093*** 0.121 0.432 -0.034*** 0.092*** 0.123 0.015*** -0.001*** 0.091*** 0.122
educ> 12 [6.61] [9.12] [3.88] 946 [4.56] [9.56] [3.84] 946 [1.13] [9.68] [3.81] 946 [7.56] [9.63] [3.77] 946
Male 1.057*** -0.07*** 0.095*** 0.131 0.667*** -0.051*** 0.094*** 0.14 0.037 -0.044*** 0.092*** 0.143 0.018*** -0.001*** 0.092*** 0.139
Child [8] [9.93] [3.61] 875 [4.57] [10.4] [3.59] 875 [0.08] [10.54] [3.53] 875 [7.55] [10.32] [3.52] 875
Female 0.669*** -0.043*** 0.081*** 0.074 0.500*** -0.032*** 0.081*** 0.079 0.525 -0.028*** 0.080*** 0.079 0.014*** -0.001*** 0.081*** 0.081
Child [5.28] [6.36] [3.14] 873 [3.51] [6.77] [3.14] 873 [1.2] [6.79] [3.13] 873 [5.71] [6.93] [3.13] 873
White 0.820*** -0.052*** 0.054** 0.1 0.389*** -0.04*** 0.051** 0.116 -0.159 -0.034*** 0.047** 0.117 0.015*** -0.001*** 0.051** 0.115
Child [8.27] [9.17] [1.87] 965 [3.21] [10.2] [1.78] 965 [0.4] [10.19] [1.66] 965 [8.07] [10.23] [1.8] 965
Black 0.773*** -0.059*** 0.065*** 0.079 0.726*** -0.041*** 0.068*** 0.079 0.037 -0.036*** 0.061*** 0.081 0.013*** -0.001*** 0.053** 0.088
Child [3.7] [6.07] [2.2] 635 [3.73] [6.04] [2.27] 635 [0.06] [6.14] [2] 635 [3.63] [6.19] [1.78] 635
Low 0.961*** -0.063*** 0.073*** 0.087 0.712*** -0.044*** 0.075*** 0.09 -0.109 -0.039*** 0.066*** 0.094 0.017*** -0.001*** 0.072*** 0.091
Income [5.97] [7.52] [2.77] 775 [4.36] [7.61] [2.83] 775 [0.2] [7.92] [2.46] 775 [6.08] [7.76] [2.7] 775
High 0.782*** -0.052*** 0.087*** 0.126 0.447*** -0.04*** 0.083*** 0.14 0.345 -0.034*** 0.083*** 0.137 0.015*** -0.001*** 0.081*** 0.139
Income [7.37] [9.07] [3.05] 973 [3.48] [9.87] [2.95] 973 [0.88] [9.82] [2.92] 973 [7.49] [9.86] [2.87] 973
Male 0.761*** -0.051*** 0.083*** 0.11 0.393*** -0.039*** 0.081*** 0.122 0.124 -0.033*** 0.080*** 0.123 0.015*** -0.001*** 0.081*** 0.119
Head [8.04] [9.9] [3.06] 1203 [3.59] [10.66] [3.02] 1203 [0.35] [10.77] [2.97] 1203 [8.26] [10.52] [3.01] 1203
Female 1.169*** -0.07*** 0.038 0.087 0.913*** -0.05*** 0.045* 0.089 -0.051 -0.043*** 0.032 0.089 0.018*** -0.002*** 0.029 0.095
Head [5.35] [6.53] [1.21] 545 [4.17] [6.65] [1.41] 545 [0.08] [6.7] [0.99] 545 [4.88] [6.94] [0.91] 545

Notes:

1. First-stage estimates come from the sample of valid Word-Letter Identification test. Minor differences occur for samples of other tests.

2. Unreported regressors include female child dummy, mother education and Home Quality Index.

3. IV1 are Avg log wage child care occupation by state & year (CPS) and child age interaction. IV2 are Avg log wage housekeeping by
state & year (CPS) and child age interaction. IV3 are Avg log wage offered by state & year (CPS) and child age interaction. IV4 are Avg
income child subsidy by state & year (CPS) and child age interaction.

4. Test-t are in brackets below estimated coefficients.

5. ∗∗∗ Significant at 5%;∗∗ Significant at 10%;∗ Significant at 20%.

4
4



References

Aguiar, M. and E. Hurst (2007). Measuring Trends in Leisure:The Allocation

of Time Over Five Decades.The Quarterly Journal of Economics 122(3),

969–1006.

Almond, D. and J. Currie (2010, March). Human Capital Development Before

Age Five. Working Paper 15827, National Bureau of Economic Research.

Amuedo-Dorantes, C. and A. Sevilla Sanz (2011). Low-skilled Immigration and

Parenting Investments of College-educated Mothers in the United States: Ev-

idence from time-use data. mimeo, University of Oxford.

Angrist, J. D. and J.-S. Pischke (2009).Mostly Harmless Econometrics - An

Empiricist Companion. Princeton University Press.

Baum, C. F., M. E. Schaffer, and S. Stillman (2010). IVREG2: Stata module

for extended instrumental variables/2SLS and GMM estimation. Statistical

Software Components, Boston College Department of Economics.

Bernal, R. (2008, November). The Effect Of Maternal Employment and Child

Care on Children’s Cognitive Development.International Economic Re-

view 49(4), 1173–1209.

Bernal, R. and M. P. Keane (2010). Quasi-structural estimation of a model of

childcare choices and child cognitive ability production.Journal of Econo-

metrics 156(1), 164 – 189. Structural Models of Optimization Behavior in

Labor, Aging, and Health.

Bernal, R. and M. P. Keane (2011). Child care choices and childrenŠs cognitive

achievement: The case of single mothers.Journal of Labor Economics 29(3),

pp. 459–512.

Bianchi, S. (2000). Maternal employment and time with children: Dramatic

change or surprising continuity?Demography 37(4), 401–414.

Blau, D. M. (1999, May). The effect of income on child development.The Re-

view of Economics and Statistics 81(2), 261–276.

45



Blau, F. D. and A. J. Grossberg (1992, August). Maternal Labor Supply and

Children’s Cognitive Development.The Review of Economics and Statis-

tics 74(3), 474–81.

Bound, J., D. A. Jaeger, and R. M. Baker (1995, Jun). ProblemsWith Instru-

mental Variables Estimation When the Correlation Between the Instruments

and the Endogenous Explanatory Variable is Weak.Journal of the American

Statistical Association 90(430), 443–450. Application and Case Studies.

Brooks-Gunn, J., W. Han, and J. Waldfogel (2002). Maternal Employment and

Child Cognitive Outcomes in the First Three Years of Life: The NICHD

Study of Early Child Care.Child Development 73(4), 1052–1072.

Bryant, W. K. and C. D. Zick (1996, Feb). An Examination of Parent-Child

Shared Time.Journal of Marriage and the Family 58, 227–237.

Carneiro, P. and M. Rodrigues (2009). Evaluating the Effectof Maternal Time on

Child Development Using the Generalized Propensity Score.Institute for the

Study of Labor, 12th IZA European Summer School in Labor Economics.

Cawley, J. and F. Liu (2007, November). Mechanisms for the Association Be-

tween Maternal Employment and Child Cognitive Development. Working

Paper 13609, National Bureau of Economic Research.

Cortés, P. (2008). The Effect of Low-Skilled Immigration onUS Prices: Evi-

dence from CPI Data.Journal of Political Economy 116(3).

Cortés, P. and J. Tessada (2011). Low-Skilled Immigration and the Labor Sup-

ply of Highly Skilled Women.American Economic Journal: Applied Eco-

nomics 3(3), 88–123.

Cragg, J. G. and S. G. Donald (1993, April). Testing Identifiability and Specifica-

tion in Instrumental Variable Models.Econometric Theory 9(02), 222–240.

Craig, L. (2006). Parental Education, Time in Paid Work and Time with Chil-

dren: an Australian Time-diary Analysis.The British Journal of Sociol-

ogy 57(4), 553–575.

46



Cunha, F. and J. Heckman (2007, May). The Technology of SkillFormation.

American Economic Review 97(2), 31–47.

Cunha, F. and J. J. Heckman (2008). Formulating, Identifying and Estimating

the Technology of Cognitive and Noncognitive Skill Formation. Journal of

Human Resources 43(4), 738 – 782.

Currie, J., M. Stabile, P. Manivong, and L. L. Roos (2008, November). Child

Health and Young Adult Outcomes. NBER Working Papers 14482,National

Bureau of Economic Research, Inc.

Danziger, S. and J. Waldfogel (2000).Securing the Future: Investing in Children

from Birth to College. The Ford Foundation Series on Asset Building. New

York, NY: Russel Sage Foundation.

Datcher-Loury, L. (1988, Aug). Effects of Mother’s Home Time on Children’s

Schooling.The Review of Economics and Statistics 70(3), 367–373.

Del Boca, D., C. Flinn, and M. Wiswall (2010, August). Household Choices and

Child Development. IZA Discussion Papers 5155, Institute for the Study of

Labor (IZA).

Folbre, N., J. Yoon, K. Finnoff, and A. S. Fuligni (2005). By What Measure?

Family Time Devoted to Children in the United States.Demography 42(2),

373–390.

Gauthier, A. H., T. M. Smeeding, and F. F. Furstenberg (2004). Are parents in-

vesting less time in children? trends in selected industrialized countries.Pop-

ulation and Development Review 30(4), 647–672.

Guryan, J., E. Hurst, and M. Kearney (2008). Parental education and parental

time with children.Journal of Economic Perspectives 22(3), 23–46.

Heckman, J. J., J. Stixrud, and S. Urzúa (2006). The Effects of Cognitive and

Noncognitive Abilities on Labor Market Outcomes and SocialBehavior.

Journal of Labor Economics 24(3), 411–482.

Herbst, C. M. and E. Tekin (2010). Child care subsidies and child development.

Economics of Education Review 29(4), 618 – 638.

47



Hill, C. R. and F. P. Stafford (1985).Parental Care of Children: Time Diary

Estimates of Quantity, Predictability and Variety, Chapter 17, pp. 415–438.

Time, Goods, and Well-Being. Survey Research Center, Institute for Social

Research, The University of Michigan.

Hill, M. A. and J. O’Neill (1994). Family Endowments and the Achievement of

Young Children with Special Reference to the Underclass.Journal of Human

Resources 29(4), 1064–1100.

Hofferth, S. L. (1999). Family Reading to Young Children: Social Desirability

and Cultural Biases in Reporting. InWorkshop on Measurement of and Re-

search on Time Use, Committee on National Statistics. National Research

Council.

Hsin, A. (2008). Mothers’ Time with Children and the Social Reproduction of

Cognitive Skills. unpublished manuscript, California Center for Population

Research, University of California, Los Angeles.

Hsin, A. (2009). Parent’s Time with Children: Does Time Matter for Children’s

Cognitive Achievement?Social Indicator Research: Special Edition on Time

Use (John Robinson, ed.) 93, 123–126.

Imbens, G. W. and J. D. Angrist (1994). Identification and Estimation of Local

Average Treatment Effects.Econometrica 62(2), pp. 467–475.

James-Burdumy, S. (2005). The Effect of Maternal Labor Force Participation on

Child Development.Journal of Labor Economics 23(1), 177–211.

Juster, F. and F. Stafford (1991). The Allocation of Time: Empirical Findings,

Behavioral Models, and Problems of Measurement.Journal of Economic Lit-

erature 29(2), 471–522.

Juster, F. T. (1985).Conceptual and Methodological Issues Involved in the Mea-

surement of Time Use, Chapter 2, pp. 19–32. Time, Goods, and Well-Being.

Survey Research Center, Institute for Social Research, TheUniversity of

Michigan.

48



Kimmel, J. and R. Connelly (2007). Mothers’ Time Choices Caregiving, Leisure,

Home Production, and Paid Work.Journal of Human Resources 42(3), 643–

681.

King, M., S. Ruggles, J. T. Alexander, S. Flood, K. Genadek, M. B. Schroeder,

B. Trampe, and R. Vick (2010). Integrated Public Use Microdata Series, Cur-

rent Population Survey: Version 3.0. Machine-readable database. Minneapo-

lis: University of Minnesota.

Løken, K. V., M. Mogstad, and M. Wiswall (2012). What Linear Estimators

Miss: The Effects of Family Income on Child Outcomes.American Eco-

nomic Journal: Applied Economics 4(2), 1–35.

Monna, B. and A. H. Gauthier (2008). A review of the literature on the social and

economic determinants of parental time.Journal of Family and Economic

Issues 29(4), 634–653.

Murray, M. P. (2006, Fall). Avoiding Invalid Instruments and Coping with Weak

Instruments.Journal of Economic Perspectives 20(4), 111–132.

Neidell, M. J. (2000, November). Early Parental Time Investments In Children’s

Human Capital Development: Effects Of Time In The First YearOn Cogni-

tive And Non-Cognitive Outcomes. UCLA Economics Working Papers 806,

UCLA Department of Economics.

Robinson, J. P. (1985).The Validity and Reliability of Diaries versus Alternative

Time Use Measures, Chapter 3, pp. 33–62. Time, Goods, and Well-Being.

Survey Research Center, Institute for Social Research, TheUniversity of

Michigan.

Ruhm, C. (2004). Parental Employment and Child Cognitive Development.Jour-

nal of Human Resources 39(1), 155.

Sandberg, J. L. and S. L. Hofferth (2001). Changes in Children’s Time with

Parents: United States, 1981-1997.Demography 38(3), 423–436.

Shea, J. (2000). Does Parents’ Money Matter?Journal of Public Economics 77,

155–184.

49



Stock, J., J. Wright, and M. Yogo (2002, Oct). A Survey of WeakInstruments

and Weak Identification in GMM.Journal of Business and Economic Statis-

tics 20(4), 518–529.

Stock, J. H. and M. Yogo (2005).Testing for Weak Instruments in Linear IV

Regression, Chapter Identification and Inference for Econometric Models:

Essays in Honor of Thomas Rothenberg, pp. 80–108. CambridgeUniversity

Press.

Todd, P. E. and K. I. Wolpin (2003). On the Specification and Estimation of

the Production Function for Cognitive Achievement.The Economic Jour-

nal 113(485), F3–F33.

Vella, F. (1993, May). A Simple Estimator for Simultaneous Models with Cen-

sored Endogenous Regressors.International Economic Review 34(2), 441–

457.

Waldfogel, J., W. Han, and J. Brooks-Gunn (2002). The Effects of Early Ma-

ternal Employment on Child Cognitive Development.Demography 39(2),

369–392.

Woodcock, R., M. Johnson, and N. Mather (1989).Woodcock-Johnson tests

of achievement: standard and supplemental batteries. DLM Teaching Re-

sources.

Wooldridge, J. M. (2002).Econometric Analysis of Cross Section and Panel

Data. The MIT Press.

Yeung, W.-J., J. F. Sandberg, P. E. Davis-Kean, and S. L. Hofferth (2001). Chil-

dren’s Time with Fathers in Intact Families.Journal of Marriage and the

Family 63(1), 136–154.

Zick, C., W. Bryant, and E. Österbacka (2001). Mothers’ employment, parental

involvement, and the implications for intermediate child outcomes.Social

Science Research 30(1), 25–49.

50



Centro de Economía Aplicada 
Departamento de Ingeniería Industrial 

Universidad de Chile 
 

2011 

285. Casual Effects of Maternal Time-Investment on children’s Cognitive Outcomes 
Benjamín Villena-Rodán y Cecilia Ríos-Aguilar 

 
284. Towards a quantitative theory of automatic stabilizers: the role of demographics 
 Alexandre Janiak y Paulo Santos Monteiro 
 
283. Investment and Environmental Regulation: Evidence on the Role of Cash Flow 
 Evangelina Dardati y Julio Riutort 
 
282. Teachers’ Salaries in Latin America. How Much are They (under or over) Paid? 
 Alejandra Mizala y Hugo Ñopo 
 
281. Acyclicity and Singleton Cores in Matching Markets  
 Antonio Romero-Medina y Matteo Triossi 
 
280. Games with Capacity Manipulation: Incentives and Nash Equilibria 
 Antonio Romero-Medina y Matteo Triossi 
 
279. Job Design and Incentives 
 Felipe Balmaceda 
 
278. Unemployment, Participation and Worker Flows Over the Life Cycle 
 Sekyu Choi - Alexandre Janiak -Benjamín Villena-Roldán 
 
277. Public-Private Partnerships and Infrastructure Provision in the United States 

(Publicado como “Public-Private-Partnerships to Revamp U.S. Infrastructure”. Hamilton Policy 
Brief, Brookings Institution 2011) 
Eduardo Engel, Ronald Fischer y Alexander Galetovic 

 
2010 
 
276. The economics of infrastructure finance: Public-private partnerships versus public provision  

(Publicado en European Investment Bank Papers, 15(1), pp 40-69.2010) 
Eduardo Engel, Ronald Fischer y Alexander Galetovic 

 
275. The Cost of Moral Hazard and Limited Liability in the Principal-Agent Problem 

F. Balmaceda, S.R. Balseiro, J.R. Correa y N.E. Stier-Moses 
 
274. Structural Unemployment and the Regulation of Product Market 

Alexandre Janiak 
 



 

273.  Non-revelation Mechanisms in Many-to-One Markets 
Antonio Romero-Medina y Matteo Triossi 

 
272. Labor force heterogeneity: implications for the relation between aggregate volatility and 

government size  
Alexandre Janiak y Paulo Santos Monteiro 

 
271. Aggregate Implications of Employer Search and Recruiting Selection 

Benjamín Villena Roldán 
 
270. Wage dispersion and Recruiting Selection 
 Benjamín Villena Roldán 
 
269. Parental decisions in a choice based school system: Analyzing the transition between primary and 

secondary school 
 Mattia Makovec, Alejandra Mizala y Andrés Barrera 

 
268. Public-Private Wage Gap In Latin America (1999-2007): A Matching Approach 
 (Por aparecer en Labour Economics, (doi:10.1016/j.labeco.2011.08.004)) 
 Alejandra Mizala, Pilar Romaguera y Sebastián Gallegos 
 
267. Costly information acquisition.  Better to toss a coin? 
 Matteo Triossi 
 
266. Firm-Provided Training and Labor Market Institutions 
 Felipe Balmaceda 
 
2009 
 
265. Soft budgets and Renegotiations in Public-Private Partnerships 

Eduardo Engel, Ronald Fischer y  Alexander Galetovic 
 
264. Information Asymmetries and an Endogenous Productivity Reversion Mechanism  
 Nicolás Figueroa y Oksana Leukhina  
 
263. The Effectiveness of Private Voucher Education: Evidence from Structural School Switches 

(Publicado en Educational Evaluation and Policy Analysis Vol.  33 Nº 2 2011. pp. 119-137) 
 Bernardo Lara, Alejandra Mizala y Andrea Repetto 
 
262. Renegociación de concesiones en Chile  

(Publicado como “Renegociación de Concesiones en Chile”. Estudios Públicos, 113, Verano, 
151–205. 2009) 

 Eduardo Engel, Ronald Fischer, Alexander Galetovic y Manuel Hermosilla 
 
261. Inflation and welfare in long-run equilibrium with firm dynamics 

Alexandre Janiak y Paulo Santos Monteiro  
 
260. Conflict Resolution in the Electricity Sector - The Experts Panel of Chile  

R. Fischer, R. Palma-Behnke y J. Guevara-Cedeño 
 



 

259. Economic Performance, creditor protection and labor inflexibility 
(Publicado como “Economic Performance, creditor protection and labor inflexibility”. Oxford 
Economic Papers, 62(3),553-577. 2010) 

 Felipe Balmaceda y Ronald Fischer 
 
258. Effective Schools for Low Income Children: a Study of Chile’s Sociedad de Instrucción Primaria 

(Publicado en Applied Economic Letters 19, 2012, pp. 445-451) 
 Francisco Henríquez, Alejandra Mizala y Andrea Repetto 
 
257.  Public-Private Partnerships: when and how 

Eduardo Engel, Ronald Fischer y Alexander Galetovic 
 
2008    
 
256. Pricing with markups in industries with increasing marginal costs 
  José R. Correa, Nicolás Figueroa y Nicolás E. Stier-Moses 
 
255. Implementation with renegotiation when preferences and feasible sets are state dependent  

Luis Corchón y Matteo Triossi 
 
254. Evaluación de estrategias de desarrollo para alcanzar los objetivos del Milenio en América Latina. 

El caso de Chile 
  Raúl O’Ryan, Carlos J. de Miguel y Camilo Lagos 
 
253. Welfare in models of trade with heterogeneous firms 
 Alexandre Janiak 
 
252. Firm-Provided Training and Labor Market Policies 
 Felipe Balmaceda 
 
251. Emerging Markets Variance Shocks: Local or International in Origin? 
 Viviana Fernández y Brian M. Lucey 
 
250. Economic performance, creditor protection and labor inflexibility 
 Ronald Fischer  
 
249. Loyalty inducing programs and competition with homogeneous goods 
 N. Figueroa, R. Fischer y S. Infante 
 
248. Local social capital and geographical mobility.  A theory 
 Quentin David, Alexandre Janiak y Etienne Wasmer 
 
247. On the planner’s loss due to lack of information in bayesian mechanism design 

José R. Correa y Nicolás Figueroa 
 
246. Política comercial estratégica en el mercado aéreo chileno  
 Publicado como “Política comercial estratégica en el mercado chileno”. Estudios Públicos, 109, 

Verano, 187-223. 2008) 
Ronald Fischer 

 
245. A large firm model of the labor market with entry, exit and search frictions  

Alexandre Janiak 
 



 

244. Optimal resource extraction contracts under threat of expropriation 
(Publicado como “Optimal Resource Extraction Contracts under Threat of Expropriation”. The 
Natural Resources Trap: Private Investment without Public Commitment, W. Hogan and 
F. Stutzenegger (eds), MIT Press, 161-197, June 2010) 

 Eduardo Engel y Ronald Fischer 
 

2007 
   
243. The behavior of stock returns in the Asia-Pacific mining industry following the Iraq war 
 Viviana Fernandez 
 
242. Multi-period hedge ratios for a multi-asset portfolio when accounting for returns comovement 

Viviana Fernández  
 
241. Competition with asymmetric switching costs 
 S. Infante, N. Figueroa y R. Fischer 
 
240. A Note on the Comparative Statics of Optimal Procurement Auctions 
 Gonzalo Cisternas  y Nicolás Figueroa 
 
239.  Parental choice and school markets: The impact of information approximating school 

effectiveness 
 Alejandra Mizala y Miguel Urquiola 
 
238. Marginal Cost Pricing in Hydro-Thermal Power Industries: Is a Capacity Charge Always Needed? 
 M. Soledad Arellano and Pablo Serra 
 
237. What to put on the table 
 Nicolas Figueroa y Vasiliki Skreta 
 
236. Estimating Discount Functions with Consumption Choices over the Lifecycle 

David Laibson, Andrea Repetto y Jeremy Tobacman 
 
235. La economía política de la reforma educacional en Chile 
 Alejandra Mizala 
 
234.  The Basic Public Finance of Public-Private Partnerships 
 (Por aparecer en  J. of the European Economic Association) 
 Eduardo Engel, Ronald Fischer y Alexander Galetovic 
 
233. Sustitución entre Telefonía Fija y Móvil en Chile 
 M. Soledad Arellano y José Miguel Benavente  
 
232. Note on Optimal Auctions 
 Nicolás Figueroa y Vasiliki Skreta. 
 
231. The Role of Outside Options in Auction Design 
 Nicolás Figueroa y Vasiliki Skreta. 
 
230.  Sequential Procurement Auctions and Their Effect on Investment Decisions 
 Gonzalo Cisternas y Nicolás Figueroa 
 
* Para ver listado de números anteriores ir a http://www.cea-uchile.cl/. 




