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Abstract

Families invest parental time, home goods/services, and market-based child care in their children.
We study these investments, focusing on two issues: the role of parental human capital and the
substitutability of inputs in the skill production process. We develop a relative demand estimation
strategy that uses intratemporal optimality to estimate input substitutability, as well as the relative
productivity of inputs and the role played by parental education. This approach requires only a weak
separability assumption on the dynamics of skills, no data on skills, and easily addresses measurement
error in inputs. We show how relative demand restrictions can simplify estimation of the dynamics of
skill production using (noisy) measures of skills when there are multiple investment inputs that are
imperfectly measured. Finally, we show how moments related to relative demand can be combined with
moments related to skill dynamics to determine whether beliefs about skill production align with the
true technology. Using data from the Child Development Supplement of the PSID, we estimate the skill
production technology for children ages 12 and younger, finding moderately strong complementarity
between inputs. We estimate little effect of parental education on the child production technology:
more-educated parents invest more, because they have higher incomes and stronger preference for
children’s skills. Counterfactual simulations show that the degree of input complementarity we estimate
has important implications for policies that subsidize specific inputs or provide free child care.
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1 Introduction

Family investments in children are critical to intergenerational mobility and inequality (Becker and

Tomes, 1979, 1986; Cunha et al., 2006; Cunha and Heckman, 2007; Caucutt and Lochner, 2020). Parents

spend their own time and money at home investing in their children’s human capital. Many also make

substantial investments through market-based child care services. This paper studies these investments,

focusing on two main issues both theoretically and empirically. First, we study the role of parental

human capital in child development through parental wages, productivity differences, and preferences

for children’s skills. Second, we examine the impacts of tax and subsidy policies on the composition of

investment, total effective investment levels, and child skill accumulation. The substitutability of different

inputs is critical for both of these issues and plays an important role in our analysis.

Parental investments in children are strongly increasing in family income (see, e.g., Kaushal, Magnu-

son, and Waldfogel, 2011; Caucutt, Lochner, and Park, 2017). Leibowitz (1974) and Guryan, Hurst, and

Kearney (2008) show that high-educated mothers even devote more time to investment-related activities

with their children (compared to less-educated mothers), despite their higher wage rates and opportunity

costs of time. As discussed by Michael (1973) and Leibowitz (1974), this may reflect income effects as-

sociated with greater labor market earnings or home production. More-educated parents may also have

more-able children, or they may be more effective at child skill production – in a Hick’s neutral sense or

in terms of their time devoted to child development. Finally, more-educated parents may have a stronger

preference for children’s skills or may perceive greater returns to investments or skills.1

A wide range of government policies directly or indirectly influence investment decisions. Welfare

policies with work requirements or that claw back gains from working, as well as the structure of income

taxation, distort parental time investment margins. Subsidies for sports and arts programs favor family-

based investments, while child care incentives support market-based investments. The implications of

these policies for child development depend on how families respond by adjusting their investment inputs

within periods and over time. These adjustments depend critically on how family-based investments

(time and goods/services) interact, how family-based investments interact with market-based child care,

and how parental human capital affects the productivity of various investments.

The literature estimating human capital production functions for children has largely focused on

dynamic interactions of investments over time (Cunha and Heckman, 2007; Cunha, Heckman, and Schen-

1A few recent studies find that investments are more productive for children (especially young children) with more-
educated mothers (Cunha and Heckman, 2008; Del Bono et al., 2016; Brilli, 2022). Cunha, Elo, and Culhane (2022) find
that high-income mothers have more positive subjective expectations about the benefits of investments in children. Falk
et al. (2021) estimate that high-educated parents tend to invest more in their children, but the productivity of investments
is the same across different socioeconomic groups.
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nach, 2010; Del Bono et al., 2016; Pavan, 2016; Attanasio et al., 2017; Caucutt and Lochner, 2020;

Agostinelli and Wiswall, 2023), typically reducing investment each period to a single composite input, or

imposing assumptions about the substitutability between time and goods investments (Del Boca, Flinn,

and Wiswall, 2014, 2016; Brilli, 2022; Lee and Seshadri, 2019; Mullins, 2022; Attanasio et al., 2020) or

between home and child care environments (Griffen, 2019; Chaparro, Sojourner, and Wiswall, 2020). Ex-

ceptions include recent studies that estimate complementarity between parental time and goods (Abbott,

2022), child care (Moschini, 2023), or a composite of goods and child care (Molnar, 2023).2

There is an important distinction between the types of inputs parents purchase to foster child devel-

opment at home, which often involve direct engagement between parents and children or explicit parental

choices about activities (e.g., books, computers, sports or cultural activities), and external child care ser-

vices where children are not directly engaged with their parents and daily activities are largely directed by

others. These expenditures are treated differently by policy and may have different substitution patterns

with parental time investments. We distinguish between these two broad types of investment, along with

parental time investment, by considering a technology that allows for different patterns of substitution

between parental time and purchased goods/services at home and between these home investments and

child care purchased from the market. We also allow parental skills to impact the relative productivity

of these inputs, as well as the overall productivity of investments in children.

We begin by documenting differences in family investments in children by parental education using the

Panel Study of Income Dynamics (PSID) and its Child Development Supplement (CDS), which provides

the most comprehensive measures of the inputs we wish to study. These data show that total expenditures

on child investments are strongly increasing in maternal education; yet, the share of spending on each

input varies much less (especially for two-parent households).

We next consider a dynamic model of family investments in children to better understand the role

of parental education and to explore the impacts of policies designed to encourage investments. This

model allows for multiple child investment inputs within periods and multiple periods of investment.

Importantly, we establish conditions under which the family decision problem can be decomposed into

intratemporal and intertemporal components, which facilitates both theoretical and empirical analysis.3

In the intratemporal problem, families choose child input allocations (parental time, household invest-

2Gayle, Golan, and Soytas (2015) estimate the importance of parental time inputs and required costs of child-rearing
in a model with fertility, marriage, and divorce. Fiorini and Keane (2014) estimate the impacts of several categories of
children’s time use on their cognitive and non-cognitive outcomes, concluding that educational activities with parents are
most productive. Todd and Wolpin (2007) estimate the effects of both home inputs and school quality using additively
separable value-added models of cognitive achievement. They conclude that differences in school quality account for a very
small proportion of race/ethnicity gaps in achievement.

3This separation is analogous to that of the two-stage budgeting approach commonly used in the labor supply literature
(Heckman, 1974; Altonji, 1986; Blundell and Walker, 1986). See Gorman (1959) for a general treatment of separability.
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ment goods/services, and market-based child care services) to minimize expenditures given a per-period

level of total human capital investment. We allow for flexible substitutability across inputs and incorpo-

rate potential effects of parental human capital on the relative productivity of those inputs. From this

intratemporal problem, we characterize expenditure shares as functions of relative prices, parental human

capital, and technology parameters governing the relative productivity of different inputs and their sub-

stitutability. These relationships form the basis for our relative demand approach to estimation. In the

intertemporal problem, families maximize lifetime utility by choosing consumption/savings, leisure, and

per-period total human capital investment, given its composite price (determined from the intratemporal

problem) and potentially binding borrowing constraints.

Elasticities of substitution across inputs and the impacts of parental human capital on the relative pro-

ductivity of inputs are critical for characterizing both investment responses to policy and cross-sectional

differences in investments. To estimate these within-period features of the skill production technology,

we begin with a revealed preference estimation approach that exploits relative demands for inputs using

the PSID-CDS data. This approach harkens back to a voluminous early literature that estimates input

substitutability in firm production.4 In our context, exploiting relative demand has three main advan-

tages relative to direct estimation of the production technology. First, it requires only a weak separability

assumption on the dynamics of skill accumulation (rather than a full specification for skill dynamics),

using only within-period relationships to identify the substitutability of inputs and relative productivity

of parental skills (and other factors) for different inputs.5 Second, it easily addresses measurement error

in investment inputs. While recent studies (Cunha, Heckman, and Schennach, 2010; Attanasio et al.,

2017; Agostinelli and Wiswall, 2023) have developed new methods to deal with measurement error in

direct estimation of nonlinear production functions, these approaches require multiple contemporaneous

measures of each (noisily measured) input; our approach does not. Third, our approach only relies on

cross-sectional data on investment inputs and their prices, while direct estimation additionally needs

4Arrow et al. (1961) develops several early estimation approaches for the standard CES production function based on
first order conditions under profit maximization. Maddala and Kadane (1966) explore implications of measurement and
endogeneity of inputs and their prices for these approaches, while Griliches (1969) studies the impacts of measurement
error in the cost of capital for estimates of capital-skill complementarity. Nerlove (1965, 1967) provides an early treatment
of different estimation approaches, including efforts based on cost minimization, while Berndt (1976) re-examines several
approaches and the importance of data quality. Due to its focus on firm production, this early literature was often concerned
about returns to scale, non-competitive factor markets (influencing input prices), and measurement of capital and its price.
Given these concerns and that firm revenues and costs were generally well-measured, early studies relied less on relative
demand relationships. This literature was not as concerned with measurement error in inputs (other than capital), a key
concern in our context (Cunha and Heckman, 2008; Cunha, Heckman, and Schennach, 2010).

5In theory, a fully nonparametric direct approach would not require any assumptions on the technology, but this is
generally infeasible due to data constraints. In practice, researchers have assumed that skill dynamics are determined by a
Cobb-Douglas (Del Boca, Flinn, and Wiswall, 2014), CES (Cunha, Heckman, and Schennach, 2010) or translog (Agostinelli
and Wiswall, 2023) function.
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panel data with skill measures.

Next, we show how relative demand relationships can be further used to simplify estimation of the

dynamics of skill production (i.e., the productivity of total investment over time and the self-productivity

of past skills). In particular, we exploit intratemporal optimality conditions that link all contemporaneous

investment inputs to the total effective investment each period. This makes it possible to write the

dynamics of skill production as a function of a single input (e.g., mother’s time investment), relative

input prices, and parameters governing the substitutability of inputs and their relative productivity.6

Incorporating measures of skills over time, we combine moments related to this dynamic equation with

relative demand moments to estimate the full production technology. We also show how to generalize the

problem by allowing the perceived within-period production technology (determining relative demand)

to differ from the true skill production function.

Using data from the PSID-CDS (supplemented with data on child care prices from Child Care Aware

of America (2009–2019)), we find robust evidence that parental time and purchased goods/services are

complements inside the home, while home investments are also complementary with child care inputs.

In both cases, elasticities of substitution range from around 0.2 to 0.5. Our estimates also suggest that

parental education has little to no effect on the productivity of investment inputs. Observed investment

gaps by parental education are driven by differences in overall demand for child investment – stemming

from differences in both family resources and preferences for children’s skill levels – rather than differences

in parental child-rearing abilities.

Finally, we use counterfactual simulations to study policy implications of the moderately strong

complementarity we estimate. Notably, this complementarity implies that all investment inputs move

together in response to input price changes (e.g., from taxes or subsidies). A decline in parental wages

leads to reductions in all types of investment, including small reductions in parental time investments, due

to diminshed family resources. The resulting declines in achievement growth are broadly consistent with

previous evidence on the impacts of the EITC on child achievement (Dahl and Lochner, 2012; Agostinelli

and Sorrenti, 2020). Reductions in the price of home goods/services inputs or market-based child care

cause families to expand all types of investment, with much stronger own-price elasticities than cross-

price elasticities. The co-movement of inputs in response to price changes contrasts with the commonly

assumed Cobb-Douglas specification, which implies greater input subtitutability, even stronger own-price

responses, and no cross-price responses. Due to the stronger own-price response, incorrectly assuming a

6We also show how to use intertemporal optimality conditions (under different assumptions about credit markets) to
impute input measures in years (between observed skill measures) where none are available. We follow the literature in
addressing measurement error in skills using repeated measurements (Cunha, Heckman, and Schennach, 2010).
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Cobb-Douglas technology would lead one to over-estimate the costs of providing subsidies for child care

or goods/services investments. We additionally show that the substitutability of inputs is important for

determining the costs of providing free child care.

This paper proceeds as follows. The next section documents investment expenditure patterns by

maternal education using data from the PSID-CDS. Section 3 develops our model of child development

and characterizes the effects of parental human capital and input prices on the three types of investment

inputs we study. In Sections 4 and 5, we describe our approach for estimating the technology of skill

formation followed by the data used in estimation. Section 6 reports our estimation results, while Section 7

presents a counterfactual analysis based on those estimates. Section 8 concludes.

2 Investment Patterns by Parental Education and Marital Status

This section provides an overview of child investment expenditures by parental education for single

mothers and two-parent households, using the PSID-CDS data.7 As with our estimation sample below,

this analysis focuses on families with only 1 or 2 children ages 12 or younger, parents ages 18–65, and

mothers who were ages 16–45 when their youngest child was born. For reasons made clear in Section 5,

this analysis is limited to the 2002 CDS (with expenditures reported in year 2002 dollars) when the

children we study were ages 5–12. We will often refer to home (or household) “goods” investments

when discussing expenditures on school supplies, books, and toys; although, we also include spending on

services like tutoring, lessons, community groups, and sports activities. We use a more limited measure of

parental time investment than previous studies using the PSID-CDS (e.g., Del Boca, Flinn, and Wiswall,

2014; Mullins, 2022), dropping such activities as time spent watching television or performing household

chores. Our measure includes a broad range of learning-related, play-based, and social activities. See

Section 5 for greater detail on these data and Appendix B for categories on time diaries that we use.

Lastly, for consistency with our empirical analysis later in the paper, we limit the sample to those with

positive child care expenditures.8

In calculating expenditures for parental time, we multiply active time with children by the parent’s

reported wage rate.9 Total amounts spent on children are sizeable, with single mothers spending, on

average, about $225 per week on child investment and two-parent households spending roughly $425

per week. Specific input expenditures are 10–20% higher in two-parent families than single-mother

7Caucutt et al. (2020) show similar patterns when combining data from the American Time Use Survey on parental time
investment with data from the Consumption Expenditure Survey on household goods/services and child care spending.

8Appendix Figures F-2 and F-3 document very similar patterns to those shown here when including families with zero
child care spending.

9We exclude non-working parents and trim the top/bottom 1% of reported wages to eliminate outliers.
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Figure 1: Weekly child investment expenditures by child’s age (PSID, 2002)

households; however, the former benefit from father’s time expenditures as well.

Figure 1 shows that single mother’s weekly expenditures on child investment drop sharply as children

begin school full time,remaining fairly stable thereafter. The early drop in expenditures is less pronounced

for two-parent households, while father’s time expenditures sharply increase as children reach ages 11–

12. Single mothers gradually increase the share of expenditures on goods inputs at the expense of time

investments. Among two-parent households, expenditure shares are relatively constant across children’s

ages.

Figure 2 shows that investment expenditures are strongly increasing with maternal education. Time

expenditures among college graduate mothers and their husbands are more than double those of their

high school counterparts, with much of the difference explained by their higher wage rates. (See Figure 3

for average hours of investment time per week by mother’s education.) Education gaps for household

goods and child care expenditures are larger for two-parent families than for single mothers, ranging from

almost twice the difference in household goods expenditures for two-parent families to no difference for

child care expenditures among single mothers. Figure 4 reports average expenditure shares on each type

of investment input by maternal education, highlighting two features. First, expenditures are dominated

by time investments, with single mothers (both parents in two-parent households) contributing about 71%

(82%) of their investment expenditures in the form of time. Second, expenditure shares are remarkably

similar across education groups, especially for two-parent households. While investment expenditures

substantially increase with parental education, all types of investments increase at roughly similar rates.

That said, among single mothers, we observe an increase in the expenditure share of their time investment,
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largely at the expense of child care services.10

3 Model

We develop an economic framework for understanding the investment and expenditure patterns doc-

umented in Section 2 and the impacts of policies that alter the prices of investment inputs. This analysis

highlights the role of complementarity/substitutability of different inputs and of parental human capital

10Expenditures on child care services likely under-represent the full value of actual child care services received, because
many families benefit from free care provided by grandparents and older siblings (Laughlin, 2013). This is especially true
for families reporting zero expenditures, who we omit from this analysis. Including these families (with zero child care
spending) reduces the share devoted to child care from 0.18 to 0.07 among all single mothers and from 0.12 to 0.05 among
all two-parent households. See Appendix Figure F-3 for expenditure patterns by maternal education.
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in the productivity of those inputs. Insights from this framework guide our estimation strategy.

Consider two-parent households composed of a mother, father, and child. These households may be

heterogenous over the learning ability of the child, θt, initial human capital of the child, Ψ1, and human

capital of the mother and father, Hm and Hf , respectively.
11 (Single mother households are identical but

without any “father” time, wages, etc.) In every period t = 1, ..., T , the household chooses consumption,

ct, assets, At+1, mother’s and father’s leisure, lm,t and lf,t, respectively, and investments in children.

Child investments take place in the home or in the market. Home investments include time of the

mother, τm,t, time of the father, τf,t, and goods/services, gt. Market-based child care is represented by

Yc,t.
12 Child skills evolve according to

Ψt+1 = Ht (ft (τm,t, τf,t, gt, Yc,t;Hm, Hf ) ,Ψt; θt) , (1)

where ft(·) is strictly increasing, strictly concave, and homogenous of degree 1 in all investment inputs.13

This function represents the total skill investment a child receives in period t as a function of all investment

inputs that period, where the productivity of those inputs may depend on parental human capital. This

formulation imposes intertemporal separability between inputs across periods, which is important for

later analysis. The function Ht(·) determines the dynamics of skill accumulation and is assumed to be

11Because we abstract from schooling inputs, variation in θt may also reflect differences in school quality. We do not model
choice of neighborhood or private schooling.

12Without data on the quality of child care, we do not explicitly model a quantity-quality tradeoff for child care services,
implicitly assuming that families purchase the optimal mix given available options. If care is priced according to its produc-
tivity in a competitive market, then families would generally be indifferent to the mix. In this case, the price of child care,
Pc,t, reflects the price for a fixed quality of care and unit of time.

13Assuming ft(·) is homogeneous of degree 1 is without loss of generality relative to assuming homogeneity more generally.
Any returns to scale can be transferred to Ht(·).
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strictly increasing and strictly concave in the total investment amount and child’s current skill level.

Normalizing the time endowment to 1 for each parent, parental hours working are hm,t = 1−lm,t−τm,t
and hf,t = 1−lf,t−τf,t. A parent’s period t wage is given byWj,t = wj,tHj , j = m, f, where we distinguish

between the part of wages related to skills used in child production (Hj) and an unrelated component

(wj,t). For expositional purposes, we assume that the component related to child development is fixed

over time (e.g. upon a parent finishing school or the child’s birth), while the time-varying part, which we

often refer to as the price of skill, incorporates wage differences across parents due to factors like labor

market experience, discrimination in the labor market, or local wage variation.14 Let yt reflect income

other than labor earnings (e.g. transfers) in period t. The price of home investment goods is given by

pt, and the price of market child care is given by Pc,t. Let Πt ≡ (Wm,t,Wf,t, pt, Pc,t) be the vector of all

investment input prices faced by the household at time t. Assets at the start of period t are denoted by

At, and households can borrow/save at interest rate r, subject to borrowing constraints At+1 ≥ Amin,t.

Households have per period preferences over consumption (with price normalized to one) and leisure

given by u(ct) + vm(lm,t) + vf (lf,t) and discount across periods at the rate β > 0. In period T + 1,

households have a continuation value, Ṽ (Hm, Hf , AT+1,ΨT+1), that depends on parental human capital,

parental assets, and child skill.15 We assume that Ṽ is increasing in parental human capital, and strictly

increasing and strictly concave in parental assets and child skill. We consider the household’s problem

for periods t = 1, ..., T :

Vt(θt, Hm, Hf , At, yt,Πt,Ψt)

= max
lm,t,τm,t,lf,t,τf,t,gt,Yc,t,At+1

u(ct) + vm(lm,t) + vf (lf,t) + βVt+1(θt+1, Hm, Hf , At+1, yt+1,Πt+1,Ψt+1)

subject to non-negative inputs (τm,t, τf,t, gt, Yc,t), lj,t ≥ 0 and lj,t + τj,t ≤ 1 for j = m, f , child human

capital production equation (1),

ct + ptgt +Wm,tτm,t +Wf,tτf,t + Pc,tYc,t +At+1 = (1 + r)At + yt +Wm,t(1− lm,t) +Wf,t(1− lf,t),

At+1 ≥ Amin,t, (2)

VT+1(θT+1, Hm, Hf , AT+1, yT+1,ΠT+1,ΨT+1) = Ṽ (Hm, Hf , AT+1,ΨT+1). (3)

We assume u′(·) > 0, u′′(·) < 0, v′j(·) > 0, and v′′j (·) < 0 for j = m, f. We also assume standard Inada

conditions for preferences over consumption and leisure. See Appendix A for a full characterization of

the problem, including all first order conditions, in the more general case where there may be uncertainty

about future parental wages, income, and child abilities.

14Our empirical analysis will explicitly incorporate some time-varying factors, like number of children or child’s age, into
the production of child skills.

15The continuation value, Ṽ , also depends on all future non-labor income, which we suppress here for ease of notation.
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Under certain conditions, the household’s problem can be separated into two distinct parts: (i) an

intratemporal problem choosing child input allocations to minimize expenditures given child’s per period

total human capital investment Xt = ft (τm,t, τf,t, gt, Yc,t;Hm, Hf ), and (ii) an intertemporal problem of

maximizing lifetime utility by choosing savings At+1, leisure lm,t and lf,t, and per period child’s total

human capital investment Xt. This separation is possible when three things are true (Gorman, 1959).

First, if both parents work in the market (i.e., hj,t > 0), then the price of time investment is the wage

rate, Wjt, which is independent of investment choices. In this case, the marginal cost of each input is

its fixed price multiplied by the marginal utility of consumption.16 Second, we assume a weak form of

intertemporal substitutability for investment inputs in child skill production (i.e., investments in time t

enter only through ft(·)), and they do not directly impact preferences.17 This implies that the marginal

benefit of each input is proportional to its marginal productivity through ft(·). Third, because ft(·) is

homogeneous of degree 1, the marginal product of each input is homogenous of degree 0 and can be

written as a function of input ratios. Under these 3 conditions, the first order conditions with respect to

inputs can be used to solve for optimal input ratios as functions only of period t input prices, parental

human capital, and parameters of the production function ft(·). See Appendix A.1 for details. This

separation strategy clarifies that assumptions about dynamics (e.g. credit markets, structure of Ht(·)),

children’s learning ability (θt), and the nature of preferences (over consumption, leisure, and child skill

levels) have no bearing on the within-period allocation of child investment inputs conditional on total

investment that period.

Throughout the rest of this section, we assume that parents are working, so the price of their time

is reflected by their wages and the full problem can be separated into intratemporal and intertemporal

decisions. We begin with the intratemporal problem, characterizing optimal input choices as a function

of per-period total investment, Xt. We further show that this per-period total investment is associated

with a composite per-period price, p̄t, that depends on all input prices, parental human capital, and the

structure of the within-period investment function ft (·). Next, we consider the intertemporal problem

of choosing total investment, Xt, along with consumption/savings and leisure each period, given the

sequence of composite prices, p̄t, faced by the household.

16As discussed in Appendix A.1, for parents who do not work in the market, the price of time investment depends on the
marginal rate of substitution between consumption and leisure. Here, the problem cannot be separated into intratemporal
and intertemporal problems, because relative input choices would depend on the level of consumption, a fundamentally
intertemporal choice. Non-separable preferences for leisure over time or parental learning-by-doing in the labor market
would also mean that the price of time is not fully reflected by current wages.

17Separability requires that parents do not have preferences over specific investment inputs (e.g., investment time), but it
remains valid if families have preferences over total investment, Xt, or child skill levels, Ψt, each period.
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3.1 Intratemporal problem

The intratemporal problem for families with working parents can be written as:

min
gt,τm,t,τf,t,Yc,t

ptgt + Pc,tYc,t +Wm,tτm,t +Wf,tτf,t subject to Xt = ft(τm,t, τf,t, gt, Yc,t;Hm, Hf ),

non-negative inputs (τm,t, τf,t, gt, Yc,t), and τj,t < 1 for j = m, f . Using the fact that fgt , fτj,t , and fYc,t

are homogenous of degree 0, we define input ratios Φj,t ≡ τj,t/gt for j = m, f, and Φc,t ≡ Yc,t/gt, and

write the ratio of first order conditions as three equations in these three unknown ratios:

W̃j,t ≡ Wj,t

pt
=

fτj,t(Φm,t,Φf,t, 1,Φc,t;Hm, Hf )

fgt(Φm,t,Φf,t, 1,Φc,t;Hm, Hf )
, j = m, f, (4)

P̃c,t ≡ Pc,t
pt

=
fYc,t(Φm,t,Φf,t, 1,Φc,t;Hm, Hf )

fgt(Φm,t,Φf,t, 1,Φc,t;Hm, Hf )
. (5)

Equations (4) and (5) implicitly define the input ratios (Φm,t,Φf,t,Φc,t) as functions of relative prices

(W̃m,t, W̃f,t, P̃c,t), parental human capital (Hm, Hf ), and the within-period production technology ft(·).

Future child ability levels, parental wages, and other income do not enter this problem, therefore uncer-

tainty about those variables does not affect the intratemporal input allocation problem.

Because ft(·) is homogeneous of degree 1, total expenditure Et = ptgt + Pc,tYc,t +Wm,tτm,t +Wf,tτf,t

can also be written as Et = p̄tXt, where

p̄t =
pt + Pc,tΦc,t +Wm,tΦm,t +Wf,tΦf,t

ft(Φm,t,Φf,t, 1,Φc,t;Hm, Hf )
(6)

is the composite price of total investment (Gorman, 1959). This composite price depends only on input

prices, parental human capital, and the time t production technology.

Much of our analysis considers a nested CES within-period investment function:

ft =
[
(ām,t[φm(Hm)τm,t]

ρt + āf,t[φf (Hf )τf,t]
ρt + āg,t[φg(Hm, Hf )gt]

ρt)γt/ρt + aY ctY
γt
c,t

]1/γt
=

[(
am,t(Hm)τ

ρt
m,t + af,t(Hf )τ

ρt
f,t + ag,t(Hm, Hf )g

ρt
t

)γt/ρt
+ aY ctY

γt
c,t

]1/γt
, (7)

where aj,t(Hj) ≡ āj,t[φj(Hj)]
ρt > 0 for j = m, f, ag,t(Hm, Hf ) ≡ āg,t[φg(Hm, Hf )]

ρt > 0, ρt < 1, and

γt < 1.18 We highlight three aspects of this specification. First, it allows parental human capital to affect

the productivity of household time and goods investments through their respective share parameters.

Our specification assumes that parental skills are factor-augmenting, so that parental human capital

raises or lowers effective time and goods input levels. (We generally leave conditioning on parental

human capital implicit, except when discussing its role.) Second, this specification accommodates flexible

18 ām, āf , and āg are strictly positive constants, while φm(Hm), φf (Hf ), and φg(Hm, Hf ) are strictly positive functions.
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substitution patterns between different inputs. The elasticity of substitution between parental time

and household goods inputs is constant and given by ϵτ,g,t ≡ 1/(1 − ρt). By contrast, the elasticity

of substitution between market child care services and household goods or parental time investments

varies with input levels; however, the elasticity between market child care, Yc,t, and “composite home

investment”, XH,t ≡
(
am,tτ

ρt
m,t + af,tτ

ρt
f,t + ag,tg

ρt
t

)1/ρt
, is constant and given by ϵY,H,t ≡ 1/(1 − γt). We

generally refer to two inputs as substitutable if their elasticity of substitution is greater than one (e.g.

ϵτ,g,t > 1 and ρt > 0) and complementary if their elasticity is less than one. The commonly employed

Cobb-Douglas case assumes an elasticity of one across all inputs. Third, this specification for ft(·) is

homogenous of degree 1, as is the technology defining the composite home input, XH,t.

This nested CES specification for ft(·) implies the following optimal input ratios:

Φj,t ≡ τj,t
gt

=

[
ag,t
aj,t

W̃j,t

] 1
ρt−1

, j = m, f, (8)

Φc,t ≡ Yc,t
gt

=

(
ag,t
aY c,t

) 1
γt−1 (

am,tΦ
ρt
m,t + af,tΦ

ρt
f,t + ag,t

) γt−ρt
ρt(γt−1)

P̃
1

γt−1

c,t . (9)

Because of the nested structure of the within-period production function, the price of child care services,

Pc,t, does not affect home input ratios, Φm,t and Φf,t. This simplifies several analytical results, as well as

estimation of substitution elasticities.

3.1.1 Expenditure Shares

The intratemporal problem alone allows us to characterize the dependence of expenditure shares on

input prices and parental human capital. For simplicity, we consider the case of single mothers and drop

time t subscripts given the static nature of the intratemporal problem.

Input expenditure ratios are decreasing in their relative prices if and only if the elasticity of substitu-

tion between those inputs exceeds one. Households substitute away from an input when its price rises,

but relative expenditures on that input only fall if the substitution effects are strong enough to offset the

direct effect of the higher price. In the special case of Cobb-Douglas technology for ft(·), or ρ = γ = 0 in

our nested CES technology, all expenditure shares are invariant to input price changes. More generally,

expenditure shares depend on relative prices and substitutability across inputs.

With the nested CES technology of Equation (7), relative home input ratios do not depend on the

price of child care services. This implies a simple characterization for the effects of changes in child care

prices on expenditure shares: if and only if child care services are complements with the composite home

input (i.e., γ < 0 or ϵY,H < 1), then an increase in child care prices leads to an increase in the share

of expenditures devoted to child care and a reduction in the shares devoted to each home input. The
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effects of changes in the skill price, wm, or price of home investment goods, p, are more complicated. For

example, stronger complementarity between home inputs than between the composite home input, XH,t,

and child care services (i.e., ρ < γ < 0) implies that an increase in the skill price, wm, leads to an increase

in the share of expenditures devoted to time inputs and reductions in expenditure shares devoted to each

of the other inputs.19

In light of the patterns exhibited in Figure 4, it is interesting to consider the relationship between

parental human capital and expenditure shares. Two special cases imply expenditure shares that are

independent of parental human capital: (i) Cobb-Douglas ft(·), i.e., ρ = γ = 0, or (ii) ft(τm, g, Yc;Hm) =

ft(τmHm, g, Yc).
20 Case (i) implies an elasticity of substitution of one between all endogenous investment

inputs, but it places no restrictions on the role of parental human capital in skill production. Of course,

this also implies that expenditure shares are independent of input prices. By contrast, case (ii) makes

no restrictions on the substitutability of inputs. Instead, it requires that parental skills improve the

productivity of parental time with children (relative to the productivity of other inputs) at the same rate

they improve parental earnings in the labor market.

More generally, differences in parental human capital affect input expenditure shares through both

the price of parental time (i.e., wages) and the effectiveness of different inputs in child skill production. In

terms of the latter, parental human capital is factor-augmenting when φ′
m(Hm) > 0, raising the effective

value (or quality) of any given time investment, τm. Depending on the substitutability of inputs, an

increase in Hm may, therefore, raise (ρ > 0) or lower (ρ < 0) the marginal productivity of time relative

to goods investments, all else equal. To see what this implies for expenditure shares, assume that the

productivity of home goods inputs does not depend on mother’s human capital. When maternal human

capital raises productivity relatively more in the labor market than with her children, the effects of

mother’s human capital on expenditure shares mirror the effects of wm. When inputs are substitutable,

mothers with more human capital shift away from child time investments. By contrast, when maternal

skills are relatively more productive in child development than in the labor market, maternal skills raise

the marginal benefit of investing relative to its marginal cost, analogous to a fall in wm. See Appendix A.2.3

for a formal characterization of the relationship between parental skills and investment expenditure shares,

including when the productivity of home goods inputs also depends on Hm.

19All expenditure shares respond in the opposite direction under substitutability satisfying ρ > γ > 0. See Propositions 4
and 5 in Appendix A.2.3 for these results, as well as symmetric results for changes in the price of home inputs, p.

20See Appendix A.2.1 for details.
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3.2 Intertemporal Problem

Suppose in every period, t = 1, ..., T, along with leisure and assets, the household chooses an amount

of total child investment Xt, given its per period composite price p̄t (determined by the intratemporal

problem). This problem can be written as follows:

Vt(θt, Hm, Hf , At, yt,Πt,Ψt) = max
lm,t,lf,t,Xt,At+1

u(ct)+v(lm,t)+v(lf,t)+β [Vt+1(θt+1, Hm, Hf , At+1, yt+1,Πt+1,Ψt+1)]

subject to 0 ≤ lm,t, lf,t < 1, Xt ≥ 0, the borrowing constraint (Equation (2)), final-period value function

(Equation (3)), human capital production Ψt+1 = Ht (Xt, θt,Ψt), and budget constraint:

ct + p̄t(Πt, Hm, Hf )Xt +At+1 = (1 + r)At + yt +Wm,t(1− lm,t) +Wf,t(1− lf,t).

The standard Euler equation for consumption may be distorted by borrowing constraints, u′(ct) ≥

β(1 + r)u′(ct+1), with strict inequality if and only if Equation (2) binds. As discussed in the literature

(e.g., Becker and Tomes, 1986; Cunha and Heckman, 2007; Caucutt and Lochner, 2020), the presence of

binding borrowing constraints can distort intertemporal consumption and child investment decisions.

Throughout the rest of this paper, we borrow two assumptions from Del Boca, Flinn, and Wiswall

(2014) that facilitate an analytical characterization for total investment.

Assumption 1. Ṽ (ΨT+1) = Ũ(Hm, Hf , AT+1) + α ln(ΨT+1).
21

Assumption 2. Ψt+1 = θtX
δ1
t Ψδ2

t .

Under Assumptions 1 and 2, the first order condition for total investment, Xt, can be written as:

Xt =
αβT−t+1δT−t2 δ1

p̄tu′(ct)
, (10)

which has several useful properties.22 First, it implies that total investment depends only on past decisions

(including past investments), current skills, and borrowing constraints through the marginal utility of

consumption, u′(ct). Second, total investment (and its dynamics) depends only on input prices pt and Pct

through the unit price p̄t (as defined in Equation (6)). Combining Equation (10) with the Euler equation

implies that

Xt+1 ≥
(

p̄t
p̄t+1

)(
1 + r

δ2

)
Xt, (11)

where the inequality is strict if and only if the period-t borrowing constraint binds. Investments increase

with age if the composite investment price is declining and self-productivity of skills is not too high (i.e.,

21To streamline our theoretical discussion, we assume that α is independent of parental human capital. All results hold
when α is weakly increasing in parental human capital. Allowing this dependence simply adds a force that further increases
investment expenditures with parental human capital.

22See Appendix A.3.1 for the derivation of Equation (10).
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δ2 < 1 + r). Third, if we define the constant Kt ≡ αβT−t+1δT−t2 δ1, Equation (10) can be re-arranged to

obtain a convenient expression for total investment expenditures:

p̄tXt = Et = Kt/u
′(ct). (12)

Expenditures are increasing in the discounted value of children’s human capital, αβT−t+1, the productivity

of investments, δ1, self-productivity of child skills, δ2, and current consumption levels, ct. The direct link

between expenditures and the marginal utility of consumption is useful below in characterizing the effect

of parental human capital on investment behavior.23

The first order condition for leisure implies lj,t = Lj,t(u
′(ct)Wj,t), where L

′
j,t(·) < 0. Substituting

this expression and optimal Et from Equation (12) into the constrained household’s budget constraint in

period t (At+1 = Amin,t) yields

ct = (1 + r)At +Wm,t(1− Lm,t(u
′(ct)Wm,t)) +Wf,t(1− Lf,t(u

′(ct)Wf,t)) + yt −
Kt

u′(ct)
−Amin,t,

which does not depend on input prices pt or Pc,t. Applying the implicit function theorem, Lemma 1

in Appendix A.3.2 shows that current consumption is increasing in parental human capital, returns on

parental skills, and non-labor income, while it is independent of the prices of goods inputs and child care.

Because total investment expenditures are inversely proportional to the marginal utility of consump-

tion (see Equation (12)), Et and ct respond similarly to changes in input prices and parental skills.

Proposition 1. Total investment expenditures, Et, are strictly increasing in parental human capital

(Hm, Hf ), skill prices (wm,t, wf,t), and non-labor income (yt), with
∂Et
∂Hj

= ∂Et
∂wj,t

wj,t

Hj
> 0 for j ∈ {m, f}.

Total investment expenditures are independent of household goods and child care input prices (pt, Pc,t).

Total investment expenditures are increasing in current income levels. Consequently, increases in

parental human capital, skill returns, and other income all lead to increases in total investment expendi-

tures, whereas changes in the prices of home investment goods and child care services have no effect on

total expenditures.24

23A fourth implication of Assumptions 1 and 2 is that θt is additively separable from all other choice and state variables
in discounted lifetime utility. Consequently, child learning ability, θt, does not affect investment behavior (nor any other
decision). Furthermore, uncertainty about future child ability has no effect on family decisions. As discussed in Appendix A,
uncertainty about future parental wages or income only affects intertemporal choices through u′(ct). In the case of binding
borrowing constraints, consumption is fully determined by available resources that period, so uncertainty about future wages
and income would not affect decisions nor any of the results we discuss. As studied in Abbott (2022), consumption choices
for unconstrained families would be affected by uncertainty about future wages and income due to precautionary savings
motives. We abstract from this uncertainty here but discuss it further in Appendix A.

24Among (borrowing) constrained households, investment expenditures are independent of all future prices and non-labor
income. As shown in Appendix A.3.3, unconstrained households would respond similarly to changes in future prices and non-
labor income, because the discounted present value of lifetime income determines consumption and expenditure levels. This
appendix also discusses the impacts of short-term vs. permanent wage increases for unconstrained families. With log utility
over consumption and leisure, a one-time increase in wages has a weaker impact on current expenditures for unconstrained
(relative to constrained) families.
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Increases in total investment expenditures, Et, do not necessarily imply increases in total investments,

Xt (or child skill accumulation), because increases in input prices and wages raise the composite price

of investment, p̄t, as well. These offsetting forces make it difficult to characterize the effects of parental

skill returns or human capital on total investment levels without additional assumptions; however, it

is straightforward to show that an increase in the price of household goods inputs or child care leads

to reductions in total investment, while an increase in non-labor income raises total investment. See

Appendix A.3.2 for details.

3.3 Effects of Input Prices and Parental Human Capital on Investment Inputs

The effects of input prices and parental human capital on expenditures devoted to specific inputs

depend on both forces discussed thus far: (i) reallocations of expenditure shares (determined from the

intratemporal problem) and (ii) changes in the total level of investment expenditures (determined from

the intertemporal problem). Effects on specific input levels must also account for any own-price changes.

Because total expenditures are invariant to the prices of home goods and child care services (see

Proposition 1), changes in these prices only affect individual input expenditures through reallocation

across inputs. Consistent with downward sloping demand curves, the quantities purchased of home goods

and child care services are unambiguously decreasing in their respective prices, even though expenditures

on these inputs increase with own-input prices when there is sufficient complementarity (i.e., ρ < γ < 0).

Increases in skill prices and parental human capital not only affect expenditure shares, but they

also raise total investment expenditures (see Proposition 1). To obtain sharper predictions, in what

follows we simplify to single-mother families and assume log preferences for consumption and leisure (i.e.,

u(c) = ln(c) and vm(lm) = ψm ln(lm), with ψm > 0). The results we discuss apply equally to the case

where borrowing constraints bind or when they never bind. See Appendix A.3.4 for additional details.

Proposition 2. (A) If min{γ, ρ} ≥ 0, then mother’s time investment is strictly decreasing in wm,t. (B)

If ρ ≥ max{0, γ}, then home goods inputs are strictly increasing in wm,t. (C) If γ ≥ 0, then market child

care is strictly increasing in wm,t.

Proposition 2 considers the case of a change in the current skill price; although, a permanent change

in the skill price has the same qualitative effects.25 A rise in the current skill price (e.g., a reduction

in labor income taxes) increases both family income and the price of time, where the former implies

greater total investment expenditures (Proposition 1). Despite this increase, the higher price of time

25This proposition requires that current family debts not be too large. For constrained households, the required conditions
are always satisfied if borrowing constraints are not growing in discounted present value (i.e., Amin,t+1 ≤ (1 + r)Amin,t).
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leads to a reduction in maternal time investment when all inputs are substitutes. If inputs are sufficiently

substitutable, then the reduction in time investment is compensated for with an increase in both the

home goods input and child care services.

Complementarity can lead to the opposite response: the increase in family income associated with

higher wages can spur families to increase total investment, and if investment inputs are sufficiently

complementary, families will increase all inputs, including parental time. Simulations based on the

elasticities (and other parameters) we estimate below suggest that this is the case for constrained families.

Finally, we study the effects of maternal human capital on investment input decisions. The relationship

between mother’s human capital and both home goods and time investments depends quite generally on

how maternal skills affect the productivity of inputs and the substitutability of inputs. When human

capital has no effect on child skill production, inputs respond in the same manner to changes in maternal

human capital as they do skill prices (see Proposition 2). A more interesting special case arises when

parental human capital is equally productive in the labor market as it is in child-rearing but has no

effect on the productivity of goods investments. In this scenario, an increase in maternal human capital

causes families to substitute away from time investments towards goods investments, leaving expenditure

shares unchanged. Not surprisingly, a positive effect of mother’s skill on the productivity of goods inputs

counteracts this substitution. See Propositions 7 and 8 in Appendix A.3.4 for details.

While the substitutability of inputs is critical for understanding the impacts of price changes on

specific input choices, the next proposition shows that the effects of small input price changes on total

investment Xt (and, therefore, child skill accumulation) do not depend on input substitutability.

Proposition 3. The price elasticities of total investment, Xt, depend on the within-period production

function only through input expenditure shares.26

The effects of small changes in input prices on total investment and child skills can be inferred solely

from observed input expenditure shares without knowledge of input substitution elasticities. However,

knowledge of the full within-period production function, ft, is needed to anticipate the impacts of larger

price changes on skill development and to understand observed differences in input choices across families.

We now turn to estimation strategies aimed at identifying these characteristics of the production process

from data on investment input choices, input prices, parental skills (and other family characteristics),

and measures of child skills.

26This proposition does not rely on log preferences for consumption and leisure or binding borrowing constraints. See
Appendix A.4.
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4 Estimation Approach

Our empirical analysis begins with a revealed preference approach that uses relative demand for inputs

to estimate the within-period production function ft(·) described in Section 3.1. We then incorporate

data on child achievement over time to estimate both ft(·) and Ht(·) simultaneously. This latter ap-

proach exploits restrictions from relative demand to simplify estimation and reduce data requirements as

compared to a more standard direct estimation approach. It also enables us to examine whether beliefs

about ft(·) differ from the actual technology (see, e.g., Boneva and Rauh, 2018; Cunha, Elo, and Cul-

hane, 2022). We stress, however, that we identify the within-period technology, ft(·), from intratemporal

relationships (between relative inputs and prices) and dynamic features of skill accumulation, Ht(·), from

dynamic relationships (between skills and investments).

4.1 Within-Period Production Function, ft(·)

Our relative demand approach is based on Equations (8) and (9), which relate relative inputs to their

relative prices. As discussed in the introduction, this offers a few advantages over a direct estimation

approach (i.e., estimating Equation (1)). Most notably, our approach easily addresses measurement

error (in multiple inputs), requires only a weak separability assumption on the dynamics of skill (but no

additional assumptions on Ht(·)), and does not require panel data on skills.27 An additional challenge for

the direct approach is that it requires independent exogenous variation in inputs to separately identify

their relative productivities. Yet, if that exogenous variation is to come from variation in input prices,

Proposition 3 suggests that substantial relative price variation would be needed to identify elasticities of

substitution, because the effects of small price changes on Xt (and, therefore, skills) do not depend on

input substitutability.

Along with assumptions needed to separate the household’s problem into intratemporal and intertem-

poral parts (see Section 3), an implicit assumption of our method is that families know the within-period

skill production process. More generally, our approach identifies individual beliefs about the skill pro-

duction function, which is critical to understanding how families react to different policies.

Molnar (2023) and Moschini (2023) also use a revealed preference approach to estimate intratemporal

features of a more limited production technology with a single unknown elasticity of substitution between

inputs. Our richer skill production technology with three distinct types of inputs and flexible substitution

patterns across those inputs introduces additional challenges, especially when inputs are measured with

27In addition to data on skills and investment inputs, as well as specification of both Ht(·) and ft(·), a full structural
estimation approach further requires assumptions about preferences for consumption, leisure, and child skills; credit markets
and access to insurance; and the nature of uncertainty about future prices, wages, income, and child ability.
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error. We address this measurement error, as well as measurement error in wages, and use a few strategies

to tackle unobserved heterogeneity in parenting skills and selection into work.28

Let Zi,t be a set of observed household characteristics for child i at date t, and let ηm,i and ηf,i reflect

unobserved heterogeneity in the productivity of parental time with children. We estimate the following

nested CES within-period production function:

f(τm,i, τf,i, gi, Yi|Zi,t) =
[(
am(Zi,t, ηm,i)τ

ρ
m,i,t + af (Zi,t, ηf,i)τ

ρ
f,i,t + ag(Zi,t)g

ρ
i,t

) γ
ρ
+ aY (Zi,t)Y

γ
c,i,t

] 1
γ

,

assuming factor share parameters aj(Z, ηj) = exp(Zϕj + ηj) for j = m, f , ag(Z) = exp(Zϕg), and

aY (Z) = exp(ZϕY ).
29 We assume af = 0 (and exclude father characteristics from Zi,t) for single mother

households, because we do not generally observe much, if anything, about fathers in these cases.

It is worth noting that when ρ < 0 (0 < ϵτ,g < 1), as we estimate below, the marginal effects of

characteristics that increase parental wages (e.g., education) will imply that ϕj < 0 whenever parental

skills raise the marginal value of parental time inputs (i.e., φ′
j(H) > 0).30 Because human capital is factor

augmenting, an increase in parental human capital raises the total effective time input, which may cause

parents to spend relatively less time investing in their children.

Our empirical analysis recognizes that investment inputs, as well as parental wage rates, may be

measured with error. We use an o superscript to reflect observed measures of these variables, so that

ln(xoi,t) = ln(xi,t) + ξx,i,t for x ∈ {τm, τf , g, Yc,Wm,Wf}. We assume that all idiosyncratic measurement

errors are mean zero and independent of all “true” variables (inputs, prices, as well as Zi,t characteristics),

unobserved heterogeneity (ηm,i, ηf,i), and other measurement errors.

Next, let observed wages relative to the price of investment goods be W̃ o
j,i,t ≡ W o

j,i,t/pi,t, just as

W̃j,i,t ≡ Wj,i,t/pi,t and P̃i,t ≡ Pc,i,t/pi,t. It is also convenient to define the ratio of observed expenditures

on parental time and child care relative to observed expenditures on household goods inputs:

Rj,i,t ≡
W o
j,i,tτ

o
j,i,t

pi,tgoi,t
, for j ∈ {m, f}, and RYc,i,t ≡

Pc,i,tY
o
c,i,t

pi,tgoi,t
.

28Moschini (2023) takes a time fixed effects approach to address unobserved heterogeneity (and selection into work among
parents). Molnar (2023) uses the introduction of a universal child care subsidy in Quebec as an instrument for relative price
changes. In related work, Abbott (2022) specifies a similar relative demand function (for his two inputs, time and goods),
but he deals with unobserved heterogeneity through estimation of a full dynamic lifecycle model.

29Parameters ρ and γ may also vary with Zi,t, but we abstract from this here for simplicity.
30 To link our assumptions on am(Z, ηm) and af (Z, ηf ) to our theoretical analysis of Section 3, suppose human capital for

parent j ∈ {m, f} is given by Hj = exp(ZΓj + η̃j), so ln(Wj,t) = ln(wj,t) +ZΓj + η̃j , where wj,t is the period t price of skill

in labor market. Then, assuming φj(Hj) = H
φ̄j

j implies that aj(Z, ηj) = exp(Zϕj + ηj) where ϕj = Γjφ̄jρ and ηj = η̃jφ̄jρ.
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4.1.1 Relative demand for parental time vs. household goods

Based on Equation (8), relative demand for parental time vs. household goods (for working parents)

is given by

ln

(
τj,i,t
gi,t

)
= ϵτ,g ln

(
aj(Zi,t, ηj,i)

ag(Zi,t)

)
− ϵτ,g ln W̃j,i,t, j = {m, f}.

Substituting in our assumptions for aj(·) and ag(·), incorporating measurement error, and adding ln W̃ o
j,i,t

to both sides, implies the following estimating equation for relative time vs. goods expenditures:

ln(Rj,i,t) = Z ′
i,tϕj,g + (1− ϵτ,g) ln W̃

o
j,i,t + η̃j,i + ξRj ,i,t, j = {m, f}, (13)

where ϕj,g ≡ ϵτ,g(ϕj − ϕg), η̃j,i ≡ ϵτ,gηj,i, ξRj ,i,t ≡ ξτj ,i,t − ξg,i,t + ϵτ,gξWj ,i,t. This shows how relative time

vs. goods expenditures depend on their relative prices, as well as characteristics that affect their relative

productivity. Because ϵτ,g > 0, household characteristics that raise the productivity of time relative to

goods inputs (i.e., Zi,t for which ϕj > ϕg) will lead to greater relative time investment expenditures,

where the effect also depends on the elasticity of substitution between time and goods.

Three econometric challenges arise in estimation of Equation (13). First, unobserved differences in

parenting skills ηj,i may be correlated with wagesWj,i,t, because skills valued in the labor market may also

be productive in child-rearing. Second, measurement error in wages is correlated with observed wages.

Measurement error produces a negative OLS bias for (1−ϵτ,g), while a positive correlation between market

and child skill production would produce an opposing bias.31 Both of these concerns can be addressed

using standard instrumental variables techniques.32

Because wages are only observed for those who work during the year, a third challenge arises from po-

tential selection into work based on ηj,i (i.e., if unobserved parental child-rearing skills are correlated with

labor market participation). We address this concern in a few ways. First, we estimate Equation (13)

conditioning on parents with a high predicted probability of work. As this predicted probability ap-

proaches one, our estimates should be consistent. Second, we use available panel data on parental wages

to estimate log wage fixed effects for each individual parent. This provides an estimate of unobserved

parental skills, which can be included in our set of observed factors affecting relative demand. Finally,

we employ a standard Heckman two-step estimator for married mother’s time vs. household goods, using

variation in father’s education and state-specific childcare costs as exclusion restrictions.

31Measurement error in log wages does not necessarily produce the standard attenuation bias towards zero, because the
dependent variable, relative expenditures, is a function of potentially mismeasured wages. Measurement error would lead
to standard attenuation bias if we regressed log relative inputs ln(τoj,i,t/g

o
i,t) rather than log relative expenditures Rj,i,t on

observed log relative wages.
32With at least 2 periods of data, a time fixed effects strategy can be used to address permanent unobserved heterogeneity

(Moschini, 2023); however, this exacerbates concerns about measurement error in wages. For this reason and because we
are limited to a single period of data for most families when estimating Equation (13), we pursue alternative approaches.
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4.1.2 Relative demand for child care vs. household goods

Based on Equation (9), relative demand for child care vs. household goods implies the following ratio

of expenditures for single mothers:33

ln(RYc,i,t) = Z ′
i,tϕY,g +

[
ϵY,H − ϵτ,g
1− ϵτ,g

]
ln
(
1 +Rm,i,te

−ξWmτm/g,i,t

)
+ (1− ϵY,H) ln P̃c,i,t + ξYc/g,i,t, (14)

where ξWmτm/g,i,t ≡ ξτm,i,t + ξWm,i,t − ξg,i,t, and ξYc/g,i,t ≡ ξYc,i,t − ξg,i,t, and

ϕY,g ≡ ϵτ,g

(
ϕY − ϵτ,g

ϵY,H

1− ϵY,H
1− ϵτ,g

ϕg

)
.

When both ϵτ,g and ϵY,H are between 0 and 1 (as our estimates below suggest), family characteristics

that raise the productivity of household goods inputs or lower the productivity of child care will lead to

reductions in expenditures on child care relative to household goods.

In the absence of measurement error in wages, time, and goods inputs, ξWmτm/g,i = 0 and Equa-

tion (14) can be estimated via OLS using the observed expenditure ratio Rm,i,t. In this case, all observed

variation in relative expenditures on time vs. goods conditional on observed characteristics and relative

wages, W̃m,i,t, is assumed to be driven by variation in relative productivity (reflected in ηm,i).

Allowing for measurement error in all inputs (but not in wages), we obtain a similar specification as

long as there is no unobserved heterogeneity in maternal child production ability (i.e., ηm,i = 0):

ln(RYc,i,t) = Z ′
i,tϕY,g +

[
ϵY,H − ϵτ,g
1− ϵτ,g

]
ln
(
1 + eln(Φ̃m,i,t)

)
+ (1− ϵY,H) ln P̃c,i,t + ξYc/g,i,t, (15)

where we define Φ̃m,i,t ≡ Wm,i,tτm,i,t

pi,tgi,t
. Absent measurement error in wages and unobserved heterogeneity

in maternal child productivity, the predicted values from OLS estimation of Equation (13), ̂ln(Rm,i,t),

provide consistent estimates of ln(Φ̃m,i,t) = Z ′
i,tϕm,g+(1−ϵτ,g) ln W̃m,i,t. We can substitute these predicted

values in for ln(Φ̃m,i,t) and estimate Equation (15) using OLS.

Measurement error in wages as well as inputs complicates estimation. Dropping t subscripts and

taking expectations of Equation (14) conditional on observed data yields:

E
[
ln(RYc,i)

∣∣∣Zi, Rm,i, P̃c,i, goi ]
= Z ′

iϕY,g +
[
ϵY,H−ϵτ,g
1−ϵτ,g

]
E
[
ln
(
1 +Rm,ie

−ξWmτm/g,i
) ∣∣∣Rm,i]+ (1− ϵY,H) ln P̃c,i − E[ξg,i|goi ]. (16)

If the distribution of measurement error in (Wm,i, τm,i, gi) were known, we could simply calculate the

expectations on the right hand side of the expression and use GMM to estimate (ϵτ,g, ϵY,H , ϕY,g). Unfor-

tunately, E
[
ln
(
1 +Rm,ie

−ξWmτm/g,i
)∣∣∣Rm,i] does not have a closed form expression. Using a second order

33An analogous set of results applies for two-parent households. See Appendix E for details.
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Taylor approximation to integrate over measurement error produces

E
[
ln(RYc,i)

∣∣∣Zi, Rm,i, P̃c,i, goi ] ≈ Z ′
iϕY,g +

[
ϵY,H − ϵτ,g
1− ϵτ,g

]
ln (1 +Rm,i)

+σ2Wmτm/g

[
ϵY,H − ϵτ,g
1− ϵτ,g

](
Rm,i

2(1 +Rm,i)2

)
+ (1− ϵY,H) ln(P̃c,i) + σ2ξg

(
ln(goi )− E[ln(goi )]

V ar(ln(goi ))

)
, (17)

where σ2Wmτm/g
≡ V ar(ξτmWm/g,i) and the final term assumes ξg,i ∼ N(0, σ2ξg). While this expression

is only an approximation, it does not require any knowledge of the distribution for (ξWm,i, ξτm,i) and is

unaffected by unobserved heterogeneity in parental skills. A GMM approach or OLS can be applied to

Equation (17) to obtain consistent estimates; although, σ2Wmτm/g
is only identified when ϵY,H ̸= ϵτ,g.

It is important to note that unobserved parenting skill, ηi,j , does not appear directly in the estimating

equations for child care vs. household goods relative demand. Only the two-stage approach used to

estimate Equation (15) is subject to concerns about unobserved heterogeneity and parental selection

into work, because ̂ln(Rm,i) need not provide consistent estimates of ln(Φ̃m,i) in the presence of such

heterogeneity.

4.2 Intertemporal Skill Production Function, Ht(·)

To estimate the full child production function (i.e., bothHt(·) and ft(·)), we must incorporate measures

of child skills. Our main approach continues to use relative demand moments to help identify ft(·) under

the assumption that individuals know the true production technology. However, we also show how one

can relax this assumption, allowing the “perceived” technology determining relative input demand to

differ from the “actual” technology determining the production of skills.

We confront two major practical challenges that are not unique to our setting. First, measures of both

investment inputs and children’s skills are noisy. Second, skills are only observed several years apart,

while investment inputs are not observed every year in between.

We address noisy skill measures as much of the literature (Cunha, Heckman, and Schennach, 2010;

Agostinelli and Wiswall, 2023), exploiting multiple measurements of latent skills. Noisy inputs present a

greater challenge, because ft(·) is a nonlinear function of several inputs, and we do not observe multiple

contemporaneous measures of each input. Moreover, true values of the inputs are likely to be highly

collinear, with most of the independent variation in input measures (conditional on observed character-

istics, Zi,t, and input prices) due to measurement error. Even with multiple measures of each input, a

direct estimation approach linking child skills to all inputs and past skills would be extremely challenging

and impractical in our setting with many inputs and small sample sizes.

We develop a new estimation strategy, which begins by recognizing that the dynamics of skill produc-

tion, Ht(·), can be identified from the relationship between total investment, Xt, and skill accumulation.
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Because total investment is not directly observed, we use the optimal relationship between each input

and total investment as determined from the intratemporal problem. This allows us to reduce the full

dynamic specification from a function of multiple inputs, observed characteristics, and past skills to a

more manageable function of one input, relative input prices, observed characteristics, and past skills.

Relative demand relationships can be estimated simultaneously or in a prior step. An important benefit

of rewriting the problem in this way is that Ht(·) can be estimated even when only a single type of input

is measured along with skills, provided one already has estimates of ft(·) (e.g., from other data or another

study) and measures of relative input prices. As discussed below, this method can also be generalized to

allow the perceived within-period production function determining input demand to differ from the true

function, ft(·). Finally, we solve the problem of missing inputs in years between observed skill measures

by using the dynamics of optimal investment (from the intertemporal problem) given assumptions about

credit markets.

Our implementation combines moments based on relative demand with moments derived from the

dynamics of skill production (under Assumptions 1 and 2) to conduct optimal GMM estimation of all

production parameters. We control for unobserved heterogeneity in parental skills using grouped fixed

effects after applying the classification routine of Bonhomme and Manresa (2015) to the full panel of

mothers’ wages (see Appendix E.2 for details). Once parents are classified in a first stage, we include

their assigned type in our set of characteristics, Zi,t. We allow for measurement error in inputs but

abstract from measurement error in wages.

As the relative demand moments derive naturally from the analysis of Section 4.1, we focus here on

moments related to skill dynamics (details on both are provided in Appendix E.3). Our data contain

measures of child skills 5 years apart. We denote Ψ̃i,t ≡ ln(Ψi,t) and iterate on the Cobb-Douglas dynamic

specification for skill production (see Assumption 2) to obtain:

Ψ̃i,t+5 =
4∑
s=0

δ4−s2 [δ1 ln(Xi,t+s) + ln(θi,t+s)] + δ52Ψ̃i,t, (18)

where we embed age variation in Ht(·) in the individual productivity parameter θi,t. Because total

investment Xi,t is not directly observed, we first use the restrictions on optimal input demand derived

in Section 3.1 to determine the ratio of maternal time investment τm,i,t to total input Xi,t. We denote

this Φm,X(Mi,t,Πi,t), a known function of prices, Πi,t, marital status, Mi,t, and technology parameters.34

This enables us to substitute τm,i,t+s/Φm,X(Mi,t+s,Πi,t+s) in for Xi,t+s in Equation (18).

Because inputs are only observed five years apart, we must impute them for the intervening periods.

34The approach naturally generalizes to the use of other inputs, but we use maternal time given its prominence in the
share of investment expenditures.
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To do this, we use the solution for optimal investment based on the two cases described in Section 3.2:

non-binding borrowing constraints and no borrowing/saving. In the unconstrained case, the dynamics of

investment are given by Equation (11), so

Xt+s =

(
p̄t
p̄t+s

)(
1 + r

δ2

)s
Xt.

When borrowing constraints bind, investment dynamics also depend on the dynamics of full income.

Assuming preferences are given by u(c) = ln(c) and vj(lj) = ψj ln(lj) implies

Xt+s =

(
p̄t
p̄t+s

)(
Kt+s(1 + ψm + ψf +Kt)

Kt(1 + ψm + ψf +Kt+s)

)(
Wm,t+s +Wf,t+s + yt+s

Wm,t +Wf,t + yt

)
Xt.

Letting ln(θi,t) = Zi,tϕθ + ξθ,i,t and using the above expressions for investment dynamics with Xi,t =

τm,i,t/Φm,X(Mi,t,Πi,t), Equation (18) can be written generally as follows:

Ψ̃i,t+5 =
4∑
s=0

δ4−s2 Zi,t+sϕ̂θ + δ1

4∑
t=s

δ4−s2

[
ln

(
p̄i,tτm,i,t

p̄i,t+sΦm,X(Mi,t,Πi,t)

)
+ κ ln

(
Wm,i,t+s +Wf,i,t+s + yi,t+s

Wm,i,t +Wf,i,t + yi,t

)]
+ δ52Ψ̃i,t + ξ̃θ,i,t+5, (19)

where κ = 0 reflects the unconstrained case and κ = 1 reflects the constrained case. The coefficients ϕ̂θ

absorb various constant terms that differ between the constrained and unconstrained cases, while ξ̃θ,i,t+5 =
4∑
s=0

δ4−s2 ξθ,i,t+s. The only time-varying Zi,t+s affecting θi,t+s in our empirical analysis is child’s age,

allowing us to write the entire first term in Equation (19) as a function of Zi,t. For κ = 0, Equation (19)

is equivalent to Cobb-Douglas specifications in the literature estimating the dynamics of skill accumulation

as a function of a single latent “investment” and past skills, except that it uses a specific input, τm,i,t,

and includes the ratio of time to total investment, Φm,X , along with composite investment prices.

We address measurement error in latent child skills by using two measures of cognitive skill available

in the PSID-CDS, assuming that both scores are linear functions of Ψ̃i,t with mean zero measurement

errors that are uncorrelated over time and across tests. As is standard, we normalize one factor loading

and estimate the other. We use one score to proxy for log skills in Equation (19) and the other as

an instrument for that score in forming our moments. We also include covariance restrictions on the

two test scores in our set of moments. Because maternal time investment is noisily measured, we use

ln(τ om,i,t+5) to instrument for ln(τ om,i,t). Other instruments include all Zi,t characteristics that affect θi,t.

See Appendix E.3 for details on all moments used in estimation and the GMM procedure.

Our baseline estimates combine relative demand moments with the skill production moments to

conduct optimally weighted GMM, yielding overidentifying cross-equation restrictions on parameters of

ft(·) that determine relative input demand. The parameters of ft(·) are jointly determined by the response
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of both inputs and skills to variation in relative prices; however, it is possible to relax the cross-equation

restrictions between relative demand and skill production. Let ω be the full set of parameters that enter

the production technology ft(·), and let ω̃ be the equivalent set of parameters that parents perceive

when choosing inputs. The latter set of parameters (ω̃) is identified directly from relative demand and

can be combined with the true technology ω to derive a more general expression for the input ratio

Φm,X as a function of both ω and ω̃. This can then be used in Equation (19), allowing for estimation

of both sets of parameters. In principle, this strategy is feasible whenever input ratios can be written

as a function of observable characteristics and relative prices and when ft(·) is homogenous in inputs;

however, this requires considerable price variation in order to identify the production technology from

the skill production equation alone.35 Appendix E.3 provides details on this generalized approach and

describes 3 separate tests of the null hypothesis that ω = ω̃, which are implemented below.

5 Data Sources and Construction

We construct a panel dataset on family work behavior, investment in children, and child outcomes

from the PSID-CDS. The PSID is a dynastic, longitudinal survey taken annually from 1968 to 1997,

and biennially since 1997. The main interview of this survey collects household-level data on economic

and demographic variables. The CDS consists of three waves, collected in 1997, 2002, and 2007. The

youngest two children in a PSID household between the ages of 0 and 12 at the time of the 1997 survey

were considered eligible for interview in the supplement. We summarize the sources and methods of

variable construction from this dataset below.

Our estimation approach requires merging these data with price variables for home-based goods and

child care inputs. We construct these variables from several data sources, as described in Section 5.4.

5.1 Parental Investment and Child Outcomes from the PSID-CDS

In each wave of the CDS, a Primary Caregiver (PCG) is identified in the household with the child

and PCG both completing modules of the survey.

Cognitive Outcomes In all 3 survey waves, assessments of cognitive development were collected

for children. We use the age-normed Letter-Word (LW) and Applied Problems (AP) scores from the

Woodcock-Johnson battery of tests, which are completed by children ages 3 and older.

35Estimating the full production function, ft(·) and Ht(·), using only Equation (19) exploits the same nonlinear variation
in skills as a function of exogenous individual characteristics and input prices as the direct approach (based on the inclusion
of all endogenous inputs) when input prices are used as instruments for the inputs.
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Time Investment Measures of time investment come from time diaries completed by CDS children,

with assistance from the PCG when necessary. This portion of the survey requires participants to record a

detailed, minute-by-minute timeline of their activities for one random weekday and one random weekend

day. For each recorded activity, an indicator is provided for whether the mother and/or father actively

participated in the activity. Our measure of time investment for each parent is the weighted sum of time

each parent actively participates in developmental and social activities with the child, with the weekday

receiving weight 5/7 and the weekend day receiving weight 2/7. Notably, our measure excludes active

time spent with parents engaged in such activities as household chores and watching television. We

construct these measures from the 1997, 2002, and 2007 time diaries as detailed in Appendix B.

Child Care Expenditure In all 3 PCG interviews, respondents for children older than age 5 answer

questions about current child care arrangements, costs, and time spent in each arrangement. For children

younger than age 5, a retrospective history of arrangements is collected, from which we take all arrange-

ments that are reported as ongoing. We construct a measure of weekly expenditures from these answers.

We also create a second measure from total household expenditures on child care from the main interview,

divided by the number of children ages 12 or younger. Both measures are strongly correlated and have

similar sample averages. Therefore, we use the average of these measures when both are reported, while

we use the available measure when only one is reported. Among families with children ages 5–12 who

report spending on child care, 60% report that their main arrangement is a before/after-school program,

center-based care, or a non-relative family care provider. Only about 7% report non-relative care within

the family’s home (e.g., babysitters).

Goods Expenditures In the 2002 and 2007 PCG interviews, respondents report annual expenditures

for the child on school supplies and toys. They also answer questions on child participation in private

lessons, sports, tutoring, or community groups, and report the costs of these activities. Our measure of

market goods expenditures sums over the weekly values of spending on these goods and services.

5.2 Household Variables from the PSID Main Interview

From the main PSID interview, information is collected on household structure, state of residence,

as well as the hours of work, earnings, race, and education of household members. We use mothers’

childbirth history to construct the number and age of children in the household. While the PSID is

available only biennially after 1997, earnings and hours for individuals in “missing” years are available

from supplemental interviews after 1997. We combine these data to construct a panel of each mother’s
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marital status, race, education, state of residence, work behavior, and wages through 2017.36 When the

mother is married, we use her spouse’s age, education, and wages as measures for the father.

Using the large panel of wage data, we estimate parents’ log wage fixed effects from (gender-specific)

panel regressions of log wages on individual fixed effects, potential experience and experience-squared,

year, and state dummies, where we drop all years with a young child (age 12 or younger) in the house-

hold.37 This effectively nets out differences in average wage rates across states and provides a measure

of a parent’s value in the labor market at the time he or she leaves school.

5.3 Sample Selection

We limit the sample to mothers ages 18–65 who were ages 16–45 in the child’s birth year. We consider

only child-year observations for children ages 12 or younger, and for households with no more than 2

children ages 12 or younger. We exclude children whose birth records indicate that they are adopted.

Most of our analysis focuses on the 2002 and 2007 surveys, because 1997 does not contain measures of

household goods investments. Table 1 reports the characteristics of families in our main sample for these

years. Because all children in the CDS were born in 1997 or earlier, children in our main sample are ages

5–12, with the age distribution skewed to older ages with nearly a quarter of the sample from 2007 when

children were ages 10–12.

5.4 Price Variables

The estimation procedure requires prices of child care, Pc, and prices of home-based goods, p. For

child care prices, we draw from annual reports on the cost of child care in the U.S. compiled by Child Care

Aware of America (2009–2019) to construct a state-level panel from 2006 to 2018 of hourly prices for 4

year-old care at licensed child care centers. We impute these prices back to 1997 using the average wages

of child care workers in each state and year, along with state fixed effects and linear time trends, from the

Current Population Survey. Details describing this imputation procedure are provided in Appendix C.

To construct the price of home-based goods, p, we combine data on Regional Price Parities by State

provided by the Bureau of Economic Analysis, and the Consumer Price Index from the Bureau of Labor

Statistics. Further details on the construction of this variable can also be found in Appendix C.

Our data collection results in a pair of prices, (p, Pc), for each state and year, which are merged with

36We treat cohabiting couples as “married”. Wages are imputed as annual earnings divided by annual hours, with the
bottom and top 1% of observations dropped.

37Potential experience is given by age - education - 6. Available wage observations from all PSID survey years up to 2017
are used. Whenever we control for these fixed effects in our analysis below, we only include parents with at least 5 wage
observations available to estimate the fixed effect. After this restriction, the median number of wage observations used in
estimating the fixed effects for both mothers and fathers in our sample is 10.
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Table 1: Summary statistics for full sample: 2002 and 2007

Sample Size Mean SD Min Max

ln(W̃m,t) 1110 2.44 0.66 -3.07 3.99

ln(W̃f,t) 835 2.93 0.60 1.25 4.90

ln(P̃c,t) 1512 1.10 0.32 0.27 1.89
Child’s age 1512 9.53 2.10 5.00 12.00
Mother HS grad 1510 0.33 0.47 0.00 1.00
Mother some coll. 1510 0.32 0.47 0.00 1.00
Mother coll+ 1510 0.27 0.44 0.00 1.00
Mother’s age 1512 37.56 6.43 21.00 55.00
Father HS grad 951 0.36 0.48 0.00 1.00
Father some coll. 951 0.22 0.42 0.00 1.00
Father coll+ 951 0.33 0.47 0.00 1.00
Father’s age 937 40.50 7.04 20.00 65.00
Mother white 1499 0.58 0.49 0.00 1.00
Num children age 0-5 1512 0.19 0.42 0.00 2.00
Num of children 1512 2.02 0.73 1.00 6.00
Year = 2007 1512 0.22 0.41 0.00 1.00

Notes: Sample includes families in 2002 or 2007 PSID-CDS with children ages
5-12 and only 1-2 children age 12 and under.

our PSID-CDS panel using state of residence and calendar year for each PSID household. Variation in

goods input prices, p, is modest; however, there is considerable variation in the price of child care across

states. Our analysis mainly focuses on the price of child care (and wages) relative to the price of goods

inputs. Appendix Figure F-4 shows the distributions of these (log) relative prices in our main sample.38

6 Child Production Function Estimates

This section presents estimates of child production functions for children from single- and two-parent

homes based on the methods described in Section 4. Our analysis focuses on children ages 12 and under

from families with only 1–2 children in that age range.

6.1 Relative Demand Estimates

Estimating relative demand for parental time vs. goods requires wage measures for parents; however,

some parents do not work. To alleviate concerns about selection into work, we limit this estimation sample

to parents with a relatively high predicted probability of working. To obtain predicted probabilities of

work, we use data from 1997, 2002, and 2007 to estimate probit models for working during the year

38Most of the variation in P̃c is driven by differences across states; although, the average price in our sample rose by about
8 percentage points, on average, between 2002 and 2007.
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separately for single mothers, married mothers, and married fathers. These models control for parental

age and education, number of children and young children in the household, age of youngest child, age

of CDS child, and survey year. (See Appendix Table F-3 for estimates.) The median (first quartile)

predicted probability of work is 0.81 (0.74) for mothers and 0.96 (0.90) for fathers. We restrict our

analysis of relative demand for parental time vs. household goods to women (men) with a predicted

probability of work no less than 0.75 (0.9).39

Because the CDS did not collect comprehensive information on household goods expenditures on

children in 1997, our relative demand estimation uses data from the 2002 and 2007 CDS surveys when

children were ages 5–12. Like most of the literature estimating child production functions, we do not

observe direct measures of school spending or quality, so our analysis implicitly assumes such differences

enter child skill production in an input-neutral way.40

Columns (1)–(4) of Table 2 report OLS estimates for several specifications of Equation (13) for all

mothers, accounting for potential determinants of the productivity of mother’s time with children and/or

household goods inputs. As discussed in Section 4, the coefficient on mother’s relative log wages provides

an estimate of 1− ϵτ,g, while coefficients on all other variables provide estimates of ϕm,g = ϵτ,g(ϕm− ϕg).

In addition to log relative wages, the specifications control for mother’s marital status, age, educa-

tion, and race, as well as child’s age, the number of young children (ages 0–5), and number of children

in the household. Column (1) includes maternal education indicators for high school graduate, some

college, and college+. Because there are few high school dropouts (especially after our restriction that

mothers have a high probability of working), the remaining columns exclude the indicator for high school

graduate, effectively pooling the few high school dropouts with graduates. Column (2) is our baseline

specification, while column (3) adds a measure of mother’s cognitive ability (a paragraph comprehension

test administered to primary child caretakers in 1997). Instead of controlling for factors indirectly related

to mother’s human capital (e.g. age and education), column (4) conditions directly on her log wage fixed

effect as a measure of her skills.41 These estimates identify the elasticity of substitution between mother’s

time and goods from the effects of current log wages conditional on long-run average wages.

Specifications that condition on maternal age and education (columns (1)–(3)) indicate an elasticity of

substitution between maternal time and household goods inputs, ϵτ,g, of 0.35–0.4, suggesting significantly

39Appendix Table F-2 reports estimates from standard log wage regressions, which indicate that parents with a college
degree earn 50–80% more than those with only a high school degree.

40Based on a value-added model of achievement, Todd and Wolpin (2007) estimate strong effects of home inputs and
insignificant effects of school inputs (pupil-teacher ratios and teacher salaries). To the extent that school quality is correlated
with parental education and affects some inputs more than others, these effects will be subsumed in our estimated effects of
parental education.

41As discussed in Section 5.2, parent log wage fixed effects are based on all available wage measures (from 1968–2017)
during years when there were no young children in the household.
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Table 2: OLS and 2SLS estimates for mother time/goods relative demand

(1) (2) (3) (4) (5) (6)
OLS OLS OLS OLS 2SLS 2SLS

(pred wage) (state, year)

ln(W̃m,t) 0.645∗ 0.646∗ 0.609∗ 0.758∗ 0.553∗ 0.749∗

(0.071) (0.071) (0.078) (0.092) (0.196) (0.216)
Married -0.075 -0.074 -0.121 0.022 -0.071 -0.069

(0.095) (0.095) (0.104) (0.108) (0.096) (0.095)
Child’s age -0.141∗ -0.141∗ -0.147∗ -0.147∗ -0.140∗ -0.139∗

(0.022) (0.022) (0.025) (0.024) (0.022) (0.022)
Mother HS grad 0.099

(0.350)
Mother some coll. 0.106 0.011 -0.043 0.026 -0.018

(0.351) (0.102) (0.117) (0.113) (0.117)
Mother coll+ -0.061 -0.157 -0.245 -0.119 -0.218

(0.357) (0.112) (0.131) (0.155) (0.164)
Mother’s age -0.008 -0.008 -0.002 -0.007 -0.009

(0.008) (0.008) (0.008) (0.008) (0.008)
Mother white -0.244∗ -0.243∗ -0.095 -0.328∗ -0.233∗ -0.249∗

(0.090) (0.089) (0.107) (0.102) (0.091) (0.090)
Num. of children ages 0-5 0.156 0.158 0.081 0.163 0.168 0.155

(0.126) (0.125) (0.144) (0.169) (0.126) (0.125)
Num. of children 0.089 0.089 0.090 0.027 0.082 0.097

(0.062) (0.062) (0.068) (0.066) (0.063) (0.063)
Mother’s cognitive score -0.005

(0.003)
Mother’s log wage FE -0.346∗

(0.114)
Constant 2.126∗ 2.213∗ 2.602∗ 1.745∗ 2.398∗ 1.999∗

(0.469) (0.355) (0.449) (0.366) (0.520) (0.553)
R-squared 0.190 0.190 0.167 0.193
Sample size 727 727 603 562 720 727

Notes: Sample includes families in 2002 or 2007 PSID-CDS with children ages 5–12 and only 1–2 children
ages 12 and under. Only mothers with predicted probability of work of at least 0.75 included. See Table F-
3 for model of predicted probability of work. Column (5) instruments for ln(W̃m,i) using predicted log
wages from 2000 Census as instruments (see text for details), while Column (6) uses state and time
indicators for instruments. ∗ significant at 0.05 level.
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stronger complementarity than the Cobb-Douglas case.42 Column (4), which controls for mother’s log

wage fixed effects (rather than age and education) suggests a smaller elasticity closer to 0.25.

Next, consider estimates of ϕm,g. Focusing on column (2), we find that mother’s education has

insignificant effects on the productivity of mother’s time relative to household goods inputs. Older

children and those with white mothers have a significantly lower factor share for mother’s time relative to

goods inputs compared to their younger counterparts and those with non-white mothers. While the factor

share for mother’s time relative to goods appears to be increasing in the number of children (especially

young children) in the household, these effects are not statistically significant.43 Column (4) shows that

mothers with high log wage fixed effects (i.e., higher labor market productivity), have a low relative factor

share for time compared to goods inputs. Given ϵτ,g < 1, this is consistent with factor augmentation

where more-skilled mothers require less time investment to achieve the same effective time input.

Columns (5) and (6) of Table 2 report two-stage least squares (2SLS) estimates for time vs. goods

relative demand, instrumenting for ln(W̃m,t). Column (5) uses a measure of predicted log wages from the

2000 Census as an instrument. This instrument captures average differences in log wages by gender, race,

education, experience, state, occupation, and industry.44 Because the relative demand specification in

column (5) includes controls for mother’s race, education, and age, these 2SLS estimates mainly exploit

variation in average wages across different states, occupations, and industries (including differences in

the occupation wage structure across states). Appendix Table F-4 reports first-stage estimates for this

instrument and for three related predicted log wage measures that begin with this measure and eliminate

average differences across states, occupations, or both. Our main predicted log wage instrument has

a first-stage F-statistic of 111.6 and produces a very similar elasticity of substitution (0.45) to its OLS

counterpart in column (2). Appendix Tables F-4 and F-5 show that excluding average wage differences by

state from the instrument still produces a strong first-stage and slightly larger elasticity estimate (0.64),

while excluding average wage differences by occupation yields a weaker first-stage (F-statistic of 18.4)

and lower elasticity (0.2).45 For comparison purposes, column (6) of Table 2 uses state and time dummies

as instruments, assuming that the relative productivity of mother’s time vs. household goods inputs is

the same across states (or is at least uncorrelated with state-level average wage rates), conditional on

42Throughout, we use a statistical significance level of 0.05 when indicating whether an estimate is statistically significant.
43In column (3), mother’s cognitive ability has insignificant effects on relative demand and its inclusion has little impact

on other estimated coefficients. Because over 15% of our sample does not have a reported score, we exclude it more generally.
44Predicted log wages are obtained from gender-specific regressions of log wages on an indicator for race (white/non-white),

potential experience and experience-squared, educational attainment (<12 years, 12 years, 13–15 years, 16 years, 17+ years),
16 industry dummies, 97 occupation dummies (minor 2000 SOC codes), state dummies, interactions of race and education
dummies with experience, and interactions of race and occupation dummies with state dummies.

45The final column of Appendix Tables F-4 and F-5 shows that eliminating average differences by both state and occupa-
tion, leveraging only differences in the occupational wage structure across states (and industry differences) produces a much
weaker first-stage and a very imprecise elasticity estimate.
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household composition and maternal age and education. Unfortunately, the first-stage is relatively weak

(F-statistic of 2.0), with the estimates implying an elasticity of substitution of 0.25. Both sets of 2SLS

estimates produce very similar estimated effects of maternal and child characteristics compared to their

OLS counterpart. Hausman tests do not reject equivalence of the 2SLS and OLS estimates.

To explore sample selection concerns, Appendix Table F-6 reports OLS and 2SLS (using our main

predicted log wage instrument) estimates for different samples based on parents’ predicted probabilities

of work. Estimates are quite similar whether we restrict our sample to women with a higher predicted

probability of work (no less than 0.85) or whether we use the full sample of women. These results, plus

the estimates from Table 2 column (4), which controls for log wage fixed effects, suggest that selection

based on unobserved skill differences does not affect our main estimates.

In Table 3, we report estimates for the specification in column (2) of Table 2 separately for single

and married mothers, as well as married fathers. Note that specifications for mothers (fathers) condition

on mother’s (father’s) log relative wages, education, and age. The elasticity estimates are remarkably

similar across parent types, ranging from 0.29 to 0.37. The effects of child’s age on the factor share

for parental time vs. household goods is significantly negative for all parent types. The effects of race

appear to be strongest for single mothers, with white single mothers having a lower factor share for time

relative to goods. Parental education has modest and mostly insignificant effects; although, married

mothers with a college degree appear to have a significantly lower factor share for time relative to goods

compared to mothers with only a high school degree. Unfortunately, the estimated effects of education

are imprecise, making it difficult to draw strong conclusions from the observed patterns. There is some

indication that more children in the household, especially young children, raises the factor share for

parental time relative to goods inputs, with this difference strongest among married mothers and fathers.

2SLS estimates, using our main predicted log wage measure as an instrument, produce very similar results

(see Appendix Table F-7); although, the elasticities of substitution are less precisely estimated and more

variable across parent types, ranging from around 0.3 to 0.7. OLS estimates that control for parental log

wage fixed effects rather than parental age and education (analogous to the specification in column (4)

of Table 2), produce elasticity estimates ranging from 0.25 to 0.3 (see Appendix Table F-8).46

Appendix Tables F-10, F-11, and F-12 explore heterogeneity in the relative demand for mother’s

time vs. goods by child’s age, father’s wage levels, and prior child achievement levels. These estimates

suggest very similar relative demand for children ages 5–8 and 9–12 with nearly identical elasticities

46We also obtain similar results for married mothers when estimating a Heckman (1979) two-step selection model us-
ing father’s age and education and/or child care prices as exclusion restrictions (determining work but not relative input
productivity). See Appendix Table F-9.
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Table 3: OLS estimates for parental time vs. goods relative demand, by parent type

(1) (2) (3) (4)
All Mothers Single Mothers Married Mothers Married Fathers

ln(W̃j,t) 0.646∗ 0.711∗ 0.628∗ 0.678∗

(0.071) (0.155) (0.079) (0.090)
Married -0.074

(0.095)
Child’s age -0.141∗ -0.162∗ -0.132∗ -0.107∗

(0.022) (0.043) (0.026) (0.027)
Parent some coll. 0.011 0.198 -0.124 -0.130

(0.102) (0.173) (0.128) (0.131)
Parent coll+ -0.157 0.009 -0.269∗ 0.071

(0.112) (0.222) (0.132) (0.127)
Parent’s age -0.008 -0.014 -0.005 -0.010

(0.008) (0.014) (0.009) (0.008)
Mother white -0.243∗ -0.413∗ -0.170 -0.053

(0.089) (0.167) (0.107) (0.123)
Num. of children age 0-5 0.158 -0.139 0.291∗ 0.148

(0.125) (0.239) (0.147) (0.134)
Num. of children 0.089 0.081 0.107 0.168∗

(0.062) (0.109) (0.076) (0.080)
Constant 2.213∗ 2.471∗ 1.982∗ 1.282∗

(0.355) (0.691) (0.429) (0.434)
R-squared 0.190 0.197 0.194 0.154
Sample size 727 236 491 582

Notes: Sample includes families in 2002 or 2007 PSID-CDS with children ages 5-12 and only 1-2 children
ages 12 and under. Only mothers (fathers) with predicted probability of work of at least 0.75 (0.9) are
included. See Table F-3 for model of predicted probability of work. Specifications for mothers (fathers)
include mother’s (father’s) relative wage, education indicators, and age. ∗ significant at 0.05 level.

of substitution. The same is true for children with high- vs. low-wage fathers, providing support for

the assumption that ft(·) is homogeneous of degree 1, given higher investment levels among high-wage

families. Finally, when looking across children with high vs. low prior achievement levels, we estimate

weaker complementarity (ϵτ,g of 0.67 vs. 0.32) for lower achieving students; however, a formal F-test fails

to reject equality of the relative demand functions.

Nearly all of our estimates of the substitutability between parental time and household goods inputs

– regardless of specification, estimation strategy, and parent type – imply an elasticity of 0.2–0.5, signif-

icantly stronger complementarity than implied by a Cobb-Douglas technology. The estimated effects of

family characteristics on the relative factor shares for time vs. goods are also fairly robust.

We next turn to relative demand for child care services vs. household goods inputs, Equation (14) (and

its counterpart for two-parent households discussed in Appendix E.1). An unfortunate practical problem

arises here, because child care expenditures are frequently unreported or zero, even among families with

parents working significant hours. (By contrast, parental time and household goods inputs are nearly
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always reported and positive.) To better understand who reports spending on child care, we estimate

the effects of household characteristics and the price of child care on the probability of reporting positive

expenditures. As shown in Appendix Table F-13, child care prices have negligible effects on whether

someone reports positive expenditures, despite the fact that these prices significantly affect spending

on child care relative to home goods inputs (among those who report positive spending) as we show

below. We also find that more-educated parents are more likely to report positive child care spending,

as are families without older children in the household. These findings are consistent with many families

receiving some form of free child care from family (e.g., grandparents, older siblings) or friends.47 Not only

are we unable to determine the value of this free child care, but it is unlikely that families receiving such

support satisfy the first order condition for child care services that is central to our approach. For these

families, it seems likely that other family constraints (e.g., grandparent time availability) determine the

observed amount of child care. Our main analysis omits these families when estimating relative demand

for child care vs. household goods; however, we also consider a standard Heckman (1979) selection model

below.48

Given small sample sizes, we estimate relative demand for child care vs. household goods inputs using

a sample that combines all household types, allowing for an intercept shift in relative factor shares by

marital status. These results are reported in Table 4, which begins with two specifications that only

condition on the relative price of child care and family characteristics, ignoring the potential influence

of relative parental time vs. goods expenditures, Rm,i,t and Rf,i,t. While these specifications are not

generally valid unless ϵτ,g = ϵY,H , they provide a useful benchmark. Indeed, estimated elasticities of

substitution between child care services and the home composite input, ϵY,H , are within the range of

estimates for ϵτ,g at around 0.4 (recall that the coefficient on ln(P̃c,i) estimates 1 − ϵY,H). One concern

with our state-level child care price measure is that variation across states may reflect differences in child

care quality. To explore this possibility, column (2) includes a measure of required staff/child ratios by

state and year from Garcia-Vazquez (2023). While this measure is strongly correlated with P̃c,i,t in our

sample (correlation of 0.62), column (2) shows that it has negligible effects on relative demand, and its

inclusion does not affect other parameter estimates.

The remaining columns of Table 4 account for the effects of relative parental time vs. goods expen-

ditures on the relative demand for child care vs. goods when ϵτ,g ̸= ϵY,H . Column (3) reports results

47Nearly one-quarter of families in our sample reported that relatives were their main source of child care.
48Families with zero child care spending can be (and still are) used in estimating the relative demand for parental time

vs. household goods, because that tradeoff is unaffected by the availability of free (but presumably limited) external child
care. Indeed, we cannot reject that relative demand for time vs. goods is the same for families reporting positive vs. zero
child care spending.
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Table 4: OLS estimates for child care/goods relative demand, all families

(1) (2) (3) (4) (5)

ln(P̃c,t) 0.650∗ 0.598∗ 0.562∗ 0.518∗ 0.665∗

(0.204) (0.258) (0.215) (0.212) (0.192)
Married 0.835 0.835 0.080 0.354 0.997

(0.573) (0.574) (0.645) (0.621) (0.689)
Child’s age -0.124∗ -0.121∗ -0.077 -0.082 -0.059

(0.036) (0.037) (0.040) (0.051) (0.036)
Mother some coll. -0.055 -0.062 0.099 0.017 0.201

(0.161) (0.163) (0.175) (0.169) (0.158)
Mother coll+ -0.315 -0.315 -0.059 -0.216 0.392∗

(0.169) (0.169) (0.181) (0.179) (0.173)
Mother’s age 0.002 0.002 -0.002 0.002 0.012

(0.013) (0.013) (0.015) (0.014) (0.013)
Marr. × Father some coll. 0.102 0.104 0.089 0.196 0.052

(0.208) (0.208) (0.228) (0.214) (0.202)
Marr. × Father coll+ -0.435∗ -0.439∗ -0.716∗ -0.616∗ -0.345

(0.219) (0.220) (0.241) (0.244) (0.218)
Marr. × Father’s age -0.017 -0.017 -0.004 -0.011 -0.015

(0.015) (0.015) (0.017) (0.015) (0.015)
Mother white -0.328∗ -0.329∗ -0.330∗ -0.253 -0.081

(0.140) (0.140) (0.147) (0.147) (0.134)
Num. children ages 0-5 -0.030 -0.029 0.190 0.014 0.302∗

(0.143) (0.143) (0.157) (0.156) (0.140)
Num. of children 0.095 0.094 0.129 0.104 -0.039

(0.112) (0.112) (0.115) (0.117) (0.104)
Staff/child ratio 1.760

(5.355)
ln(1 +Rm,t +Marr.×Rf,t) 0.498∗ -0.125

(0.076) (0.158)
ln(1 + eΦm,t +Marr.× eΦf,t) 0.394

(0.296)
Rm,t(1+Marr×Rf,t)
2(1+Rm,t+Rf,t)2

-3.355

(4.324)

Marr × Rf,t(1+Rm,t)
2(1+Rm,t+Rf,t)2

0.229

(4.503)

Marr × Rm,t+Rf,t

2(1+Rm,t+Rf,t)2
-2.851

(6.246)
ln(go

t )−E(ln(go
t ))

V ar(ln(go
t ))

-0.688∗

(0.084)
Constant 0.933 0.875 -0.753 -0.304 0.246

(0.591) (0.617) (0.690) (1.146) (0.796)
R-squared 0.125 0.126 0.296 0.130 0.459
Residual sum of squares 453.780 453.633 260.005 384.136 199.738
Sample size 347 347 249 310 249

Notes: Sample includes families in 2002 or 2007 PSID-CDS with children ages 5–12 and
only 1–2 children ages 12 and under. ∗ significant at 0.05 level.
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from estimating Equation (14) (combined with its two-parent analogue), assuming that parental time

and goods inputs, as well as wages, are measured without error. Column (4) shows results from esti-

mating Equation (15) (combined with its two-parent analogue), which allows for measurement error in

all child investment inputs but assumes no unobserved heterogeneity in parenting skills. Finally, col-

umn (5) presents estimates from our most general specification of relative demand for child care services

vs. household goods inputs, Equation (17) (combined with its two-parent analogue), which accounts for

measurement error in inputs and wages, as well as unobserved heterogeneity in parenting productivity.

All of these specifications yield very similar estimates for ϵY,H , ranging from 0.3 to 0.5. Most family char-

acteristics have insignificant effects on the demand for child care relative to goods (i.e., ϕY,g). However,

the most general specification in column (5) suggests that mother’s education increases the relative factor

share for child care relative to goods inputs, while father’s education has the opposite effect. Other specifi-

cations provide much weaker and insignificant effects of mother’s education, and stronger negative effects

of father’s education. All specifications suggest that older children and those with white mothers have

lower factor shares for child care relative to goods; although, the estimates are not always significant.49

Appendix Table F-15 reports similar results for specifications estimated separately by marital status.

Estimated elasticities of substitution, ϵY,H , mainly range from 0.2 to 0.6 with slightly (but consistently)

lower elasticities for single mothers. The only notable difference in relative factor shares by household

structure is that single white mothers have significantly lower relative factor shares for child care com-

pared to non-white single mothers, while this difference is small and statistically insignificant for married

mothers. Appendix Table F-16 explores differences in the relative demand for child care vs. goods sepa-

rately for children ages 5–8 and 9–12. These results suggest weaker complementarity for younger children;

however, sample sizes are small and equality of the specifications across children’s ages cannot be rejected.

Summarizing estimates based on relative demand, we find remarkable consistency across specifications

in estimated elasticities of substitution: the elasticity between parental time and home goods inputs and

the elasticity between the composite home input and child care both tend to range from 0.2 to 0.5, imply-

ing moderately strong complementarity.50 Most specifications suggest that the factor shares for household

goods inputs relative to both child care services and maternal time inputs rise with children’s age. Per-

haps surprisingly, we find no consistent patterns for the effects of parental post-secondary schooling on

49Appendix Table F-14 reports estimates from a Heckman (1979) selection model using the following as exclusion restric-
tions for positive child care expenditures: indicators for whether the household head lives in his/her birth state, whether an
older relative lives in the household, and whether there are older children in the household. These estimates are very similar
to their counterparts in Table 4.

50Abbott (2022), Molnar (2023), and Moschini (2023) also estimate complementarity between different investment inputs.
Complementarity between child care and home inputs is also consistent with the positive effects of Head Start (Gelber and
Isen, 2013) and home visits in Colombia (Attanasio et al., 2020) on family investments.
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the relative productivity of different inputs.

6.2 GMM Estimation based on Relative Demand and Skill Dynamics

To estimate the full model, including both ft(·) and Ht(·), we combine the relative demand moments

with the production moments using optimally weighted GMM. In addition to the relative demand mo-

ments for mother’s and father’s time vs. goods inputs and child care vs. goods inputs in 2002 and 2007

(underlying OLS and 2SLS estimation in Section 6.1), we also include similar relative demand moments

for child care vs. mother’s time in 1997, because both of these measures are available in that survey

year. To calculate the skill production moments (from 1997 to 2002 and 2002 to 2007), we only include

observations for children ages 3–8 (in the earlier years) whose mothers are observed working in each

intervening year.51

To maintain stability in estimation of the full production function using GMM (as ρ → 0 or γ → 0),

we normalize ft(·) so that the productivity constants sum to one within the home input nesting and

between the home input nesting and child care. This means that coefficient estimates on household

characteristics, denoted (ϕ̃m, ϕ̃f , ϕ̃Y ), for the input productivity constants are not directly comparable

to their counterparts (ϕm, ϕf , ϕY ) in the previous subsection. The new normalization is reported in

the notes of Table 5, which presents our main GMM results. Production moments are constructed

from Equation (19), which nests our two extreme assumptions of no borrowing/saving (κ = 1) and

unconstrained choices (κ = 0). Both cases are reported for our preferred specification, which uses the

classification routine on mothers’ wages described in Appendix E.2, with three types labelled in ascending

order based on their group wage fixed effect (µk).
52

Estimates and standard errors are very similar across the no borrowing/saving and unconstrained

cases. Estimated elasticities of substitution are within the ranges of the earlier estimates based on relative

demand reported in Section 6.1; however, they are more precise, indicating stronger substitutability

between child care and home inputs than between parental time and goods inputs with ϵτ,g = 0.2 and

ϵY,H = 0.5.53 The estimated δ1 in the no borrowing/saving case implies that a log-point increase in

51Achievement scores are not available for children younger than 3, and those older than 8 will be older than 12 five
years later. To use the outcome equation from 1997 to 2002, we require all prices (including wages) between 1997 and 2002;
likewise for 2002–2007. When moments include parental time, we continue to restrict samples to those whose parents have
a high predicted probability of work; although, the main conclusions are unchanged when this restriction is dropped.

52These results are robust to alternative specifications with and without education and unobserved type indicators. See
Appendix Tables F-18 and F-19.

53The improved precision derives from cross-equation restrictions from estimating all relative demand equations jointly
rather than the inclusion of skill production moments. Appendix Table F-17 presents estimates for ft(·) when all relative
demand moment conditions across years and inputs are combined and estimated using GMM. The first specification is
identical to those of Table 5, excluding moments related to skills and their measurements. Parameters related to ft(·) are
very similar. Specification (2) in Table F-17 uses predicted log wages from the 2000 Census as an instrument for ln(W̃m,t)
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Table 5: Joint GMM Estimation of Demand and Production Moments

ϵτ,g ϵY,H δ1 δ2
(κ = 0) (κ = 1) (κ = 0) (κ = 1) (κ = 0) (κ = 1) (κ = 0) (κ = 1)

0.20 0.20 0.49 0.49 0.08 0.12 0.93 0.93
(0.05) (0.05) (0.08) (0.08) (0.04) (0.04) (0.01) (0.01)

ϕ̃m: Mother’s Time ϕ̃f : Father’s Time ϕ̃Y : Childcare ϕθ: TFP
(κ = 0) (κ = 1) (κ = 0) (κ = 1) (κ = 0) (κ = 1) (κ = 0) (κ = 1)

Constant 8.30 8.28 4.07 4.01 -1.19 -1.19+ -1.06 -1.46
(1.96) (1.93) (1.26) (1.24) (0.41) (0.41) (0.40) (0.43)

Single -0.00+ 0.03 - - 0.57 0.56 -0.07 -0.10
(0.37) (0.37) (0.21) (0.21) (0.06) (0.07)

Mother some coll. -0.33 -0.33 - - -0.01 -0.01 0.03 -0.02
(0.44) (0.44) (0.20) (0.20) (0.06) (0.07)

Mother coll+ -1.59 -1.57 - - -0.27 -0.26 0.01 -0.09
(0.72) (0.71) (0.19) (0.19) (0.10) (0.11)

Child’s age -0.58 -0.58 -0.47+ -0.47 -0.06+ -0.06 -0.02 -0.02
(0.17) (0.17) (0.17) (0.17) (0.03) (0.03) (0.01) (0.02)

Num. of children 0-5 0.52 0.48 0.64 0.62 0.13 0.10 0.15 0.14
(0.31) (0.30) (0.42) (0.42) (0.14) (0.12) (0.05) (0.05)

Type 2 -1.25 -1.24 - - 0.12 0.10 0.23 0.13
(0.61) (0.61) (0.34) (0.31) (0.08) (0.10)

Type 3 -2.78+ -2.76 - - 0.08 0.03 0.02 -0.16
(1.03) (1.01) (0.34) (0.31) (0.12) (0.15)

Father some coll. - - -0.70 -0.68 -0.67 -0.68 0.30 0.26
(0.64) (0.63) (0.24) (0.24) (0.08) (0.09)

Father coll+ - - -1.03 -1.04 0.00 -0.01 0.09 0.06
(0.73) (0.72) (0.25) (0.25) (0.08) (0.08)

Year = 2002 - - - - - - 0.14 0.20
(0.06) (0.07)

Notes: This table reports GMM estimates of the full production function assuming either no binding bor-
rowing constraints (κ = 0) or no borrowing/saving (κ = 1). The superscript + indicates, using a Lagrange
Multiplier test, rejection at 5% significance of the null hypothesis that an individual parameter enters identi-
cally in the demand and production moments. See Appendix E.3 for more details. The function f is spec-

ified as: f =

[(
ãm,i,tτ

ρ
m,i,t + ãf,i,tτ

ρ
f,i,t + (1− ãm,i,t − ãf,i,t)g

ρ
i,t

)γ/ρ

(1− ãY c,i,t) + ãY c,i,tY
γ
c,i,t

]1/γ

with ãj,i,t =

exp(Zi,tϕ̃j)

1+exp(Zi,tϕ̃m)+exp(Zi,tϕ̃f )
, j ∈ {m, f} and ãY c,i,t =

exp(Zi,tϕ̃Y )

1+exp(Zi,tϕ̃Y )
.
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investment raises cognitive skills by 0.12 standard deviations (as measured by the LW score), while the

unconstrained case implies a slightly smaller impact. Both estimates of δ2 are 0.93, indicating strong

persistence in skills (i.e., self-productivity).

As noted earlier, it is possible to relax the assumption that the technology determining relative

demand is the same as that determining skill production (e.g., families may hold incorrect beliefs). For

each specification, we conduct Lagrange Multiplier (Newey and McFadden, 1994) tests for whether each

individual parameter in ft(·) determining input ratios equals its counterpart in the production function

(i.e., whether each ω̃ = ω). The superscript + indicates rejection of equality for individual parameters at

5% significance. We do not reject any individual parameter restriction in the constrained case (κ = 1).

For the unconstrained case (κ = 0), Table F-20 reports results when all 5 parameters that fail the LM test

are relaxed. They indicate that when relaxed, the null hypothesis, ω̃ = ω, cannot be rejected based on

the difference between the parameters (Wald test), nor the change in the GMM criterion (distance metric

test). To address concerns that relative demand may be affected by parental preferences for spending

time with children, we also consider relaxing the intercept on mothers’ factor share in the relative demand

equation, finding no evidence to reject the restriction (Appendix Tables F-21 and F-22).

Finally, we highlight several points regarding the estimated share parameters (ϕ̃m, ϕ̃f , ϕ̃Y ). First, our

estimates suggest similar relative productivity of parental time and goods investments for married vs.

single parents, with a higher factor share of market child care for single mothers. Second, the factor

share of mother’s time is decreasing in both her education and unobserved type. Given elasticities of

substitution less than one, these estimates are consistent with maternal skills improving the effective value

of time and reducing its factor share through factor augmentation. We explore the practical implications

of this for investment gaps by parental education in the next section. Third, older children have a lower

relative productivity of parental time and higher relative productivity of home goods inputs; they also

have a lower factor share for child care relative to home inputs.

7 Counterfactual Analysis: Explaining Investment Behavior

In this section, we use our model and the GMM estimates for the case of no borrowing/saving (reported

in Table 5) to study key factors driving family investment decisions. In particular, we investigate the

sources of investment gaps across families and the role of technology in determining investment responses

and ln(W̃f,t), analogous to the 2SLS estimates in column (5) of Table 2. Finally, Table F-17 reports that we cannot reject
zero correlation between the relative demand residuals across years, suggesting no further role for persistent heterogeneity
in factor shares or preferences given our classification procedure.
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to price changes and to the provision of free child care.54

These exercises require calibration of preference parameters (α,ψm, ψf ), which we allow to vary by

parental education to fit average maternal time investment levels and parental hours worked depending

on whether mothers had attended college or not. (See Appendix D.) We note that preference parameters

only affect the levels of investments, not relative input shares nor the composite price of investment.

7.1 Family Differences in Investment

There is considerable variation in investment expenditures across families. Studies of the dynamics of

skill production commonly assume a single price of “investment”, which implicitly attributes all variability

in investment expenditures to differences in investment quantities. Yet, we find that the composite price

of investment, p̄i,t, varies considerably across families. Using our estimated technology and input prices

to construct p̄i,t for each child in the 2002 PSID, we find that one-quarter (for single mothers) to one-third

(for two-parent families) of the variance in log investment expenditures is explained by variation in log

composite prices, which is, in turn, driven almost entirely by differences in parental wages.

Section 2 shows that more-educated parents spend substantially more on investments in their children

than less-educated parents. We use our estimates to determine the extent to which these gaps are

driven by systematic differences in the productivity of investments, parental wages (i.e., resources), or

preferences for children’s skills. The first column of Table 6 shows average gaps in total investment

expenditures, prices, and quantities for families with college-educated mothers, relative to those with

non-college mothers, as implied by the model. Single college-educated mothers spend about 50% more on

child investments compared to their non-college-educated counterparts. Among two-parent households,

college-educated mothers spend double their less-educated counterparts. Although higher prices explain

some of the difference, there are also considerable differences in total investment levels, Xt: college-

educated single mothers invest just over 30% more than their non-college-educated counterparts, while

this gap is nearly 40% for two-parent households. The second column shows that accounting for parental

wage differences reduces the total investment gap by about one-third for single mothers and one-fifth for

married mothers. The additional family income associated with higher wages dominates the effects of

higher investment prices when it comes to investing in children. The last column presents these same

gaps when only preference parameters are equalized across education groups. These differences may

reflect different inherent valuations of skill or different views about the value of children’s skills later in

life (e.g., for college-going or in the labor market).55 For single mothers, the gap in total investment

54In these counterfactual exercises, we exclude families with zero child care expenditures from 2002 PSID, because they
are not used for estimation when we rely on log expenditure ratios.

55Higher investments among college-educated families are also consistent with higher perceived returns to investment,
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Table 6: Investment Gaps (% Difference) between College and Non-College Mothers (No Borrow-
ing/Saving)

Baseline
Equalizing:

Wages All Prices Technology
All Prices and
Technology

Preferences

A. Single Mothers
Total Investment

Expenditure (E) 50.56 15.98 17.36 50.56 17.36 34.09
Price (p̄) 14.23 -6.08 -1.55 19.02 -0.26 14.23
Quantity (X) 32.31 22.54 19.81 28.42 17.67 17.86

Mother’s Time Investment (τm) 23.75 18.51 17.30 22.79 16.86 10.24

B. Two-Parent Households
Total Investment

Expenditure (E) 102.68 33.04 33.65 102.68 33.65 49.28
Price (p̄) 46.88 2.32 -0.07 48.77 -0.49 46.88
Quantity (X) 37.82 30.67 34.64 36.33 34.49 1.52

Mother’s Time Investment (τm) 26.97 26.29 28.58 31.47 34.71 -6.49

drops by about 45%, while the gap is almost entirely eliminated for two-parent households. Notably, the

impacts of equalizing preferences or wages dwarf the changes induced by equalizing the skill production

technology (reported in the fourth column). Altogether, Table 6 shows that the sizeable investment gaps

by maternal education are largely driven by differences in family resources and preferences for (or beliefs

about) children’s skill development, rather than differences in the productivity of investments.

7.2 Input Price Changes

Because many policies designed to encourage investments in children (e.g. child care subsidies), as

well as many tax and welfare policies, primarily influence family investment decisions through changes in

input prices, we next consider the impacts of reducing these prices when children are ages 5–12.

Table 7 considers the case of no borrowing/saving (using the corresponding estimates from Table 5)

to simulate the effects of separately reducing each input price by 30%. The first four columns report

effects of changing prices using our estimated nested CES production function, where the second column

changes wages while holding full income constant (to isolate the pure price effect for comparison with

other inputs). Focusing on these columns, we see that, due to the complementarity we estimate, a change

in the price of any one input causes all inputs to adjust in the same direction. Cross-price elasticities

are substantially weaker than own-price elasticities, but not negligible. For example, a 30% reduction in

the price of child care, leads to a 22–24% increase in child care inputs and a 2–4% increase in parental

δ1, among these families (Boneva and Rauh, 2018; Cunha, Elo, and Culhane, 2022). While we cannot reject that beliefs
about ft(·) are accurate, we are unable to separately identify beliefs about the dynamics of skills (θt, δ1, δ2) from their true
productivity values. We only estimate the latter.
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Table 7: Effects of 30% Reduction in Input Prices (No Borrowing/Saving)

Nested CES Cobb-Douglas

Wages
Wages

(Constant
income)

Goods
Child
Care

Wages
Wages

(Constant
income)

Goods
Child
Care

A. Single Mothers

Change in Investment at Age 5 (%):
Total Expenditure (E) -30.00 0.00 0.00 0.00 -30.00 0.00 0.00 0.00
Mother’s Time (τm) -5.70 34.71 1.23 3.82 0.00 42.85 0.00 0.00
Goods (g) -11.94 25.80 8.60 3.67 -30.00 0.00 42.86 0.00
Child care (Yc) -20.16 14.06 0.68 23.54 -30.00 0.00 0.00 42.86
Total (X) -9.59 29.15 1.37 7.58 -9.18 29.75 1.60 8.37

Effects on Age 13 Achievement:
100×Log Achievement (Age 13) -8.25 18.68 1.83 5.20 -7.65 19.28 2.07 5.57
Value (% Cons. over Ages 5–12) -4.99 12.44 1.15 3.28 -4.63 12.87 1.31 3.52

B. Two-Parent Households

Change in Investment at Age 5 (%):
Total Expenditure (E) -30.00 0.00 0.00 0.00 -30.00 0.00 0.00 0.00
Mother’s Time (τm) -3.33 38.10 0.75 2.10 0.00 42.86 0.00 0.00
Father’s Time (τf ) -3.22 38.26 0.73 2.01 0.00 42.86 0.00 0.00
Goods (g) -9.74 28.94 8.07 1.96 -30.00 0.00 42.86 0.00
Child care (Yc) -18.52 16.40 0.44 21.63 -30.00 0.00 0.00 42.85
Total (X) -5.68 34.75 0.88 4.14 -5.22 35.40 1.01 4.46

Effects on Age 13 Achievement:
100×Log Achievement (Age 13) -4.71 22.22 1.12 2.78 -4.29 22.64 1.29 3.01
Value (% Cons. over Ages 5–12) -1.78 9.03 0.43 1.07 -1.63 9.23 0.50 1.16

time and home goods inputs. To better understand the role of input complementarity, the last four

columns of Table 7 report analogous results using a Cobb-Douglas production function instead of our

nested CES.56 With the Cobb-Douglas specification, changes in home goods or child care prices induce no

cross-price effects, and own-input quantities strongly adjust to maintain constant expenditure shares and

total expenditure levels. The much stronger own-price responses in the Cobb-Douglas case would lead one

to over-predict the costs associated with subsidies for specific inputs. For example, incorrectly assuming

a Cobb-Douglas technology would over-state the costs of a 30% subsidy for goods inputs (child care)

targeted to single mothers by 26% (15%). This difference would be even greater for subsidies targeted to

two-parent households.

Column (1) shows that the effects of a wage decline are notably different when full income is not

held constant. Proposition 1 states that investment expenditures must decline with a reduction in family

resources; however, we see an even stronger result: investment levels, even time investments, also fall.

Table 7 also reports the effects of input price changes on child achievement measured at age 13. Due

56For comparability, the share parameters of the Cobb-Douglas function are calibrated to match the same expenditure
shares as our estimated specification. See Appendix D for details.
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to well-known issues regarding interpretability of test score scales (Cunha, Heckman, and Schennach,

2010), we focus on the consumption equivalent value of the changes in achievement, measured as the

percent increase in consumption over ages 5–12 that would make a family indifferent to the change in

achievement. For single mothers, increases in investment associated with a 30% reduction in the price

of child care (home goods) would raise child achievement at age 13 by an amount valued at 3.3% (1.2%)

of ages 5–12 family consumption. The consumption equivalent values of achievement gains are roughly

one-third as large for two-parent households. Despite the small share of investment spending devoted to

home goods and child care, subsidies for these investments still have important effects on achievement.

Despite the sizeable differences in specific input responses to price changes when comparing our esti-

mated nested CES specification with the Cobb-Douglas specification, impacts on total investment and log

achievement are fairly similar. As Proposition 3 shows, the effects of marginal changes in input prices on

total investment depend on expenditure shares but not elasticities of substitution. Table D-3 demonstrates

that the substitutability of inputs becomes increasingly important as larger price changes are considered.

Due to weaker complementarity, the Cobb-Douglas specification over-predicts total investment responses

to the 30% input price reductions in Table 7 by up to 17%.

Appendix D.2 considers the case of unconstrained families. As theory predicts (see Appendix A.3.3), a

permanent change in wages has effects on investment inputs that are very similar to those for constrained

households. By contrast, a temporary wage reduction leads to an increase in parental time investment,

because the substitution effect dominates the more modest effect on lifetime income. The increased time

investment is paired with an increase in goods investments at the expense of lower child care, and total

investment increases over the (temporary) period of reduced wages. Thus, the effects of time-limited

policies that impact wage rates depend critically on the extent to which families can borrow and save.

7.3 Free Child Care for Non-College Single Mothers

To further explore the importance of input complementarity for policy, we ask how much it would cost

to provide free child care to non-college mothers to raise their total investment levels (over child ages 5–

12) to those of their college-educated counterparts.57 Focusing on the no borrowing/saving case, we find

that such a policy would cost about $100/week for single mothers (based on our nested-CES estimates).

This public cost is modest, because families respond to the savings from access to free child care by

increasing their own time and home goods inputs; absent this response, it would be prohibitively costly

to raise child care enough to eliminate the total investment gap. Moreover, the weaker complementarity

57This roughly maintains log achievement gaps over these ages, although gaps would still change slightly due to differences
in θt across children with college and non-college mothers.
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assumed with a Cobb-Douglas production technology would imply that an additional 8% in free child

care spending would be needed to close the gap. See Appendix D.3 for details.

The complementary response of other inputs reduces public expenditures but comes at a cost to

families. For single mothers, this cost is manageable, given their savings on child care. For two-parent

households, the story is quite different. Because they spend less on child care to begin with, the beneficial

income effects of free care are smaller. As a result, non-college two-parent families are unwilling to increase

other investments enough to go along with reasonable amounts of free child care, making it prohibitively

costly to eliminate education gaps in total investment by providing free child care alone. By contrast, a

Cobb-Douglas specification suggests that it would “only” cost about $300/week to eliminate the gap.

8 Conclusions

Parents spend considerable sums investing in their children in terms of their time, home goods/services

inputs, and market-based child care services. We document that more-educated parents spend substan-

tially more on all of these inputs, with parental time the most costly form of investment for all family

types. To understand these patterns and to study the impacts of policies that act on input prices, we

use a dynamic model of investments in children with multiple inputs each period, flexibility in substi-

tution patterns across those inputs, and several channels through which parental skills may affect the

productivity of those inputs.

We show conditions under which the decision problem separates into an intratemporal problem, de-

termining the relative demand for inputs, and an intertemporal problem, determining the total amount

of investment each period (along with consumption/savings, and leisure). This facilitates relative de-

mand estimation of the within-period technology of skill production, characterizing the substitutability

of investment inputs and their relative productivity. This approach requires reasonable separability as-

sumptions on preferences and the dynamics of skill production, but it does not require measures of skills

and greatly simplifies estimation when inputs are measured with error. Supplementing data on invest-

ment inputs and their prices with measures of skills over time, we show that one can also use relative

demand restrictions to simplify estimation of the dynamics of skill production when inputs are measured

with error. More generally, with external estimates of relative demand relationships (or, simply, com-

posite input prices) and data on skill accumulation, relative input prices, and only one of many inputs,

researchers can follow our approach to estimate features determining the dynamics of skill formation.

We also show how restrictions implied by intertemporal optimization (given assumptions about credit

markets) can be used to impute missing inputs during periods between observed skill measures. Finally,
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we show how to relax the assumption that the (perceived) technology driving relative demand is the same

as that determining skill production, allowing for the possibility that families hold incorrect beliefs about

the development process. This generalization also allows for the possibility that parents place inherent

value on specific investment inputs.

Using PSID-CDS data, we find robust evidence that parental time and purchased goods inputs are

complements inside the home, while home investments are also (slightly less) complementary with market

child care services. Elasticities of substitution range from 0.2 to 0.5, implying much stronger complemen-

tarity than implied by the commonly used Cobb-Douglas specification. Our estimates suggest little to no

effect of parental education on the technology of skill production. As such, we find that the substantial

observed investment gaps by parental education are driven by differences in overall demand for invest-

ments, stemming from differences in preferences for children’s skills (or perceived returns to investment)

and family resources. From a policy perspective, this is, perhaps, the best case scenario, because it

suggests that disadvantaged families do not suffer from an inability to translate investments into skills.

Our counterfactual policy analysis illustrates the likely impacts of a wide array of policies that affect

incentives to invest in various forms, from welfare and tax policies to free child care. First, and most

importantly, we find that the estimated patterns of complementarity for investment inputs imply that

all inputs move together with any price change; although, cross-price elasticities are generally modest.

Second, we find that the income effects of changes in wage rates dominate the price effects for credit

constrained families. Due to enhanced family resources, policies that subsidize parents’ wages would lead

to sizeable increases in child achievement, consistent with estimated effects of EITC expansions on child

achievement (Dahl and Lochner, 2012; Agostinelli and Sorrenti, 2020). Third, despite the fact that invest-

ment expenditures are dominated by parental time investments, subsidies for home goods/services and

child care can produce important effects on child achievement. Fourth, we show that modest spending to

finance free child care for non-college parents could eliminate total investment gaps by parental education

among single mothers, while eliminating gaps among two-parent households would be prohibitively costly.

This sharp difference arises because single mothers reinvest substantial savings from initial outlays on

child care to reinforce the policy, while the savings for two-parent households is too modest to adequately

finance other matching investments. Finally, we show that incorrectly assuming a Cobb-Douglas speci-

fication (which assumes weaker complementarity than we estimate) for the within-period technology of

skill production would lead to an over-estimate of own-input responses to price subsidies and, therefore,

an over-estimate of their public costs. A Cobb-Douglas technology also predicts stronger total investment

and achievement responses to large price changes; however, the substitutability of inputs is unimportant
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for these outcomes when examining small input price changes.

In this paper, we aim to shed new light on the complex set of decisions parents make regarding how

and when to invest in their children. A key challenge is data. The PSID-CDS is the only single data

set we are aware of that contains all the input and achievement measures our analysis requires. Yet,

the useable sample sizes are small, and both achievement and inputs are infrequently measured. Future

research in this area should endeavor to make better use of multiple data sets that may specialize in

subsets of needed measures but which contain much larger samples or richer measures of specific inputs or

outcomes. Ideally, younger (pre-school) children would be examined, and schooling inputs incorporated

for older children, integrating the literatures on child development and school quality as in Todd and

Wolpin (2007). Our effort to separate estimation of different parameters into different stages may prove

helpful in this regard. Another path forward would be to combine results from several natural or actual

experiments, connecting marginal policy effects to primitive parameters of the child production function

and/or preferences. Chaparro, Sojourner, and Wiswall (2020) and Mullins (2020) take productive steps

in this direction. Richer data may also enable researchers to build on our approach that combines relative

demand restrictions with a more flexible production technology using data on both inputs and outcomes

(e.g., Cunha, Heckman, and Schennach, 2010; Agostinelli and Wiswall, 2016, 2023) to learn more about

parental beliefs vs. the actual productivity of different inputs or the extent to which parents value some

inputs (e.g., time with children) over others.58
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