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The allocation of children’s time among different activities may be
important for cognitive and noncognitive development. Here, we
exploit time use diaries from the Longitudinal Study of Australian
Children to study the effects of time allocation. By doing so, we
characterize the trade-off between different activities towhich a child
is exposed. On the one hand, our results suggest that time spent in
educational activities, particularly with parents, is the most pro-
ductive input for cognitive skill development. On the other hand,
noncognitive skills appear insensitive to alternative time allocations.
Instead, they are greatly affected by the mother’s parenting style.

I. Introduction
In the last decade a number of studies have found that skills measured at

early ages ðe.g., ages 3–6Þ are strong predictors of later life outcomes such
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as educational attainment, wages, employment, and choice of occupation as
well as adolescent risky behaviors such as teenage pregnancy, criminal ac-
tivity, smoking, and alcohol use. The factors found to predict later outcomes
include both cognitive and noncognitive skills ðe.g., perseverance, motiva-
tion, risk aversion, self-esteemÞ. Examples of these findings can be found in
theworkbyKeane andWolpin ð1997Þ,Cameron andHeckman ð1998, 2001Þ,
Cunha,Heckman,andLochnerð2006Þ,Heckman,Stixrud,andUrzua ð2006Þ,
and Bernal and Keane ð2010, 2011Þ.
Given the growing evidence of the importance of early childhood skills

for later life outcomes—particularly economic outcomes—there has been
a growing interest in investigating the determinants of these skills. Many
studies have focused on how early childhood activities, as well as other in-
fluences like household income, school quality, child care, and so on, affect
the development of skills or abilities.
However, the current literature is confronted with two main problems.

First is the difficulty of measuring all of a child’s activities, not to mention
the many other inputs to child development. Second is the empirical prob-
lem of distinguishing a mere correlation between activities and skills from a
true causal effect. To illustrate this, let us define the production function for
skill Y of individual i observed at age a as

Yia 5X 0
ifK#agvfK#ag 1 gami 1 εia; ð1Þ

where X is the matrix of K inputs from age a backwards ðthe complete
history of inputsÞ, mi is the innate ability/personality of the child ðat age 0Þ,
and ε is a transitory error term that captures shocks to the child develop-
ment path. The inputs in X can be time inputs, such as time in school or
with parents; goods inputs, such as number of books, intake of calories; and
measures of the quality of these inputs, such as, for example, parental ed-
ucation or teacher-student ratios.
The first problem, measurement of a child’s activities, originates from

the fact that most surveys include only a limited amount of information
about what a child does, where, and with whom. As a result, researchers
have tended to focus on the effect of just a few of the many inputs into
child development, and to group child time into very broad categories, such
as time spent with the mother versus time spent in child care. This is prob-
lematic, however, because the estimated effect of any input depends on
what other inputs are omitted in the equation.
To clarify this point, consider a simple world where a child’s time T can

only be allocated between child care TC, time with parents TP, and time
watching television alone TV, so that TC 1 TP 1 TV 5 T. For simplicity,
consider the special case where time not in child care is equally shared be-
tween time with parents and time watching television, so that TP 5 TV

5 ðT 2 TCÞ=2. Finally, let these three time inputs, and a latent ability en-
dowment m ðlikely correlated with the time inputsÞ, be all that matter in the
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development of skill Y, so that the production function is simply Yi 5 b0 1
bCTiC 1 bPTiP 1 bVTiV 1 gmi 1 εi, where εi is orthogonal to all other vari-
ables. A researcher who has imperfect knowledge of this simple world but
who is interested in the effect of child care on skill Y might estimate Yi 5
g0 1 gCTiC 1 ui. Suppose the researcher is able to find a consistent estima-
tor for gC such that p limN→` ĝC 5 gC, and finds that ĝC

> 0. It is tempt-
ing to conclude that child care is good for the child. Yet it is easy to show
that in our simple world gC 5 bC 2 ½ðbP 1 bVÞ=2%. Thus gC is a relative
effect. Whether or not child care is beneficial to the child depends on what
substitutes for child care.1

For instance, let bC 5 2, bP 5 3, and bV 5 0. As a result gC 5 0:5 > 0. But
spending time in child care increasesY only if child care substitutes for time
watching television ðsince bC > bVÞ. In contrast, child care lowers Y if it
substitutes for time with parents ðsince bC < bPÞ. This simple world could
be generalized to several activities and to goods inputs, where, given a fi-
nancial constraint, parents substitute one good for another. In any case, the
estimated coefficient of the observed input captures an effect relative to that
of the unobserved/omitted inputs that act as substitutes. Thus, when a re-
searcher studies the effect of a few inputs in isolation what we learn might
be quite limited or misleading, even if the estimator is consistent.
Our aim is to estimate child ðcognitive1 noncognitiveÞ skill production

functions with an exceptionally rich set of time and other inputs. To do so
we exploit diary data contained in the Longitudinal Study of Australian
Children ðLSACÞ, a survey following a cohort of children born in 1999
and surveyed biannually since 2004. The LSAC includes 24-hour diaries
where parents provide information about what the child is doing, where,
and with whom. It also contains very rich data on other inputs to child
development.
In the first component of this paper we analyze the diary data to get a bet-

ter view of how Australian children spend their time during a typical week.
This has a value in itself because there are not many studies documenting
children’s time use. In the second and main component of our research we
link the diary data to cognitive and noncognitive measures of ability, demo-
graphics, and parental background information. These additional data are
provided in the LSACmain survey.We then investigate whether alternative
time allocations lead to different levels of cognitive and noncognitive de-
velopment: for example, time with parents versus other adult relatives, time
in educational versus other activities, time with other children versus time
using media, and so forth. Thus, our production function can be expressed
as follows:

1 More generally, let a be the share of time not in child care that is spent with the
parents. Then TP 5 aðT 2 TCÞ and TV 5 ð12 aÞðT 2 TCÞ. It follows that gC 5 bC

2 abP 2 ð12 aÞbV .
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Yia 5 TI0ifK#agbfK#ag 1 PB0
ifG#agdfG#ag 1 eia; ð2Þ

where TI is a matrix of K time inputs measured from age a backwards
while PB is a matrix of G parental background characteristics ðthat proxy
for both goods inputs and innate ability miÞ and parenting style measures.
The error term, e, includes omitted variables, measurement error, and shocks
to the child development path. We construct the K time inputs such that
oK

k51TIiafkg 5 168, the number of hours in a full week.
By explicitly modeling the complete weekly time allocation we are able

to rank time inputs according to their productivity: a ranking of the bfag

vector is informative about how a reallocation of a child’s time from “un-
productive” ðbottom rankedÞ to “productive” ðtop rankedÞ time inputs at
age a can enhance skill development. In other words, we characterize the
trade-off between all alternative activities, home and school, to which a child
is exposed. To our knowledge, this research is the first to estimate the effect
of alternativeoverall timeallocationsonchildren’s development—asopposed
to examining effects of only one or two time inputs in isolation.
As we will see, from an econometric point of view the paper that is

closest to ours is Todd and Wolpin ð2007Þ. However, their work differs
from ours in that they do not attempt to estimate the effects of a range of
alternative time allocations and other inputs. Instead, they proxy for a wide
range of inputs into child development using the home environment index
ðHOMEÞ in the US National Longitudinal Survey of Youth. All home
inputs are proxied by this scalar index, obtained by adding up responses to a
battery of questions about the home environment. In addition, school inputs
are proxied by state- and county-level information on pupil-teacher ratios.
We believe that there are three important ways in which our work goes

beyond Todd and Wolpin ð2007Þ. First, our measures of child inputs are
more extensive. Note that the HOME index still fails to measure many
important home inputs, such as the amount of time the child spends in ac-
tivities with mothers and other caregivers, the amount of time spent watch-
ing TV or playing video games, and so on. Second, our input measures are
more concrete. For instance, it is not at all clear what levers a parent or a
policy maker would have to pull to move the HOME index. But time in
child care, length of the school day, and so on can be altered in obvious
ways. Third, we are able to characterize the trade-off between alternative
home inputs ðe.g., TV time vs. parent’s timeÞ, which one cannot do using
one scalar HOME input.
The second problem faced by the literature, distinguishing a mere cor-

relation between activities and skills from a true causal effect, is also severe.
In equation ð1Þ endogeneity can come in three forms: ð1Þ omitted variables,
sincewe do not observe m or some of the other inputs inX; ð2Þ simultaneity,
if Y causes X and not vice versa ðe.g., does reading books make children
smarter or do smart children read more books?Þ; ð3Þ measurement error in
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X, for example, it is legitimate to ask whether the parent knows exactly ðor
truthfully reportsÞ how many hours the child spent reading.
The literature has proposed different estimation strategies to deal with

these problems. The papers by Todd and Wolpin ð2003, 2007Þ specify a
production function where a test score is a function of home and school
inputs together with unobserved initial ability. They then discuss a set of
nonnested estimators and the assumptions under which each of these esti-
mators identifies the production function. The set of estimators include
ordinary least squares ðOLSÞ, fixed effects ðwithin family andwithin childÞ,
and value added, among others. They attempt to address the identification
problem by comparing results from these different statistical models. Since
they have no strong prior onwhat model best deals with endogeneity, Todd
and Wolpin ð2007Þ pick the model that minimizes the out-of-sample root
mean-squared error ðRMSEÞ. They then focus on inferences from the pre-
ferred model.
Our objective is rather different. That is, we will eschew any attempt to

choose a “best” model, as any criterion we could use would necessarily be
controversial.2 Rather, our goal is to determine whether there exists a rank-
ing of inputs that is robust across the whole range of the most popular mod-
els used in the literature ðe.g., value added, fixed effects, etc.Þ. As each esti-
mation method attempts to handle endogeneity in a different way, relying
on different maintained assumptions, we would have more confidence in a
ranking of inputs that is robust across methods. A robust ranking of the
time inputs, if it exists, implies that a reallocation of time use can enhance
child development.3

The simple example we presented earlier shows that analyzing one in-
put in isolation conveys only partial and potentially misleading informa-
tion because we cannot characterize the trade-off between inputs. We have
argued that this makes it important to try to measure all of a child’s activi-
ties. Clearly, having multiple endogenous inputs makes the estimation prob-
lemmuchmore difficult. If ourmodel contained just one endogenous input,
then an instrumental variable or equally suitable quasi-natural experiment

2 For instance, the RMSE criterion used by Todd and Wolpin ð2007Þ chooses the
‘‘best’’ model based on fit, but the best-fitting model does not necessarily deal with
the endogeneity issues.

3 The papers by Cunha and Heckman ð2007, 2008Þ propose a different approach
in order to investigate the self-productivity and dynamic complementarities between
cognitive and noncognitive skills. They use a system of equations where future cog-
nitive and noncognitive skills are simultaneously determined by their current level
ðself and crossÞ, a measure of the current parental investment and unobserved in-
puts. Identification in their system relies on cross-equation covariance restrictions.
We do not replicate Cunha andHeckman ð2007, 2008Þ strategy inasmuch as it is not
our aim to uncover self-productivity and dynamic complementarities between cog-
nitive and noncognitive skills.Moreover, we are interested in the effect of several ðKÞ
alternative time inputs rather than a one-dimensional investment factor.
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approach might be possible. But estimating the b vector in equation ð2Þ by
instrumental variables ðIVÞ requires K 2 1 exclusion restrictions ðas the b
on one time input is normalized to 0 for identificationÞ. Finding such a
large set of valid instruments is not feasible in our application. Therefore,
we feel that in rich models like ours it is more practical to deal with en-
dogeneity using other approaches ðe.g., fixed effects, value added modelsÞ
combined with sensitivity analysis.4

Our results suggest that time spent in educational activities, particularly
with parents, is the most productive input for cognitive skills. A realloca-
tion of children’s time that favors these kinds of activities by substituting
away from less productive ones would have a positive effect on cognitive
skill. This result is robust to different identification assumptions. Perhaps
surprisingly, we also find that, for reading skills, media time does not ap-
pear to be any worse than other noneducational time uses, like time in
before/after school care. However, noncognitive skills like behavioral prob-
lems, social skills, and emotional problems appear insensitive to alterna-
tive time allocations. Instead, these skills greatly depend on some aspects
of parenting style. A style that combines effective ðbut not harshÞ disci-
pline with parental warmth leads to the best noncognitive outcomes. This
finding on parenting style is new in the economics literature.

II. Data

The Longitudinal Study of Australian Children ðLSACÞ is a biannual
survey that began in 2004. The LSAC follows two cohorts of children: one
born March 1999–February 2000 ð4,983 childrenÞ and one born March
2003–February 2004 ð5,107 childrenÞ. These are known as the “K cohort”
and the “B cohort.” Both cohorts have been surveyed three times, in 2004,
2006, and 2008 ða fourth survey is currently in the fieldÞ. Table 1 illustrates
the average age at interview for each cohort/wave pair.
For both cohorts the survey collected a rich set of information about the

children’s skills, demographics, and parental background. In addition, the
LSAC collected time use diaries, where parents recorded their children’s
activities over 24 hours. As far as we are aware, the only other data set
combining information on children’s skills/background with time use di-
aries is the US Child Development Supplement ðCDSÞ, a sample of child-
ren from households in the Panel Study for Income Dynamics. The CDS
included time use diaries in 1997 ð0–12-year-old childrenÞ, in 2002 ð5–18-

4 We do not mean to say that IV would necessarily be the preferred approach if
it were feasible. On the contrary, even if IV were feasible, it would merely provide
another alternative method of dealing with endogeneity whose advantages/dis-
advantages would have to be compared to the other approaches we employ. Like
them, IV is not assumption free. The Journal of Economic Perspectives, vol. 24, no. 2
ð2010Þ, has an excellent discussion on this topic. The point we are trying to make is
that an IV approach is hardly an option in our context.
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year-oldsÞ, and in 2007 ð10–19-year-oldsÞ. Compared to the CDS, LSAC
has the advantage of focusing on only two cohorts with a larger sample
size. LSAC children are generally much younger than those in the CDS,
who were born between 1984 and 1997. LSAC children are also surveyed
biannually in contrast to the 5-year gap between the two waves of the
CDS. This makes the LSAC an excellent data set to analyze early child-
hood development.
In the rest of the paper we limit our attention to the K cohort. The data

for the younger B cohort lack consistent measures of skill because of
changes in the type of test across waves. This prevents us from using some
estimators like value added and fixed effects.

A. Time Use Diaries

The time use diary ðTUDÞ collects details of the activities of the study
children in LSAC over two 24-hour periods: one a specified weekday and
one a specified weekend day. After the LSAC personal interview, the re-
spondents were left with some self-complete forms, including the time use
diaries. The interviewer worked through an example of how to complete
the diary with the respondent, and the respondent was advised of the dates
for which they should complete the diary. These dates were selected by
the interviewer to ensure a random allocation of weekdays and a random
allocation of weekend days. The diaries divided the 24-hour day into 96
15-minute intervals.5

For each child the diaries classified separately the activity ð26 alter-
nativesÞ, where the activity took place ð5Þ, and with whom ð7Þ. Most di-
aries were completed by the child’s mother ðapproximately 91%Þ, with 7%
completed by the child’s father. The remaining 2% were completed by
other family or carers. This is stable across waves.

5 Parents were given specific dates to fill the diary, such as Tuesday, July 26, for
the weekday diary and Saturday, July 30, for the weekend diary. They were also
asked if they could not complete the diary on their allocated date to wait another
week before completing it, such that the completion day was on the same day of
the week as was the date selected for them. The objective was to have an even dis-
tribution among the 5 weekday days and between the 2 weekend days. We assume
that the activity recorded in each time period lasted for the full 15minutes. Thismay
result in an overestimation of time spent in specific activities, when those activities
take less than 15 minutes.

Table 1
Average Age at Interview

Wave 1 Wave 2 Wave 3

K cohort 4 years and 9 months 6 years and 10 months 8 years and 10 months
B cohort 9 months 2 years and 10 months 4 years and 10 months

Allocation of Children’s Time 793



1. Original and Recoded Time Use

Figure A1 in the appendix, available in the online version of Journal of
Labor Economics, gives an example of the diary and its coding. This is the
example that parents were shown. The diaries did not change between
waves 2 and 3. The diary at wave 1 ðsee fig. A2Þ is slightly different to
account for age-specific activities.
If we divide the day into activities, where they took place, and whom

they were with, we would obtain 26 # 5 # 7 5 910 different time use cate-
gories. With our sample size it is not feasible to estimate how 910 types of
time use affect child development. Thus, our first goal is to recode the data
into a smaller set of categories. We choose to have nine mutually exclusive
time use categories in order to facilitate the analysis while at the same time
not losing valuable information. From our investigation of the data, we feel
that a manageable list of activities is ðtime inÞ:

1. Bed ðbedÞ,
2. School/day care ðschÞ,
3. Educational activities with parents ðpedÞ,
4. Educational activities with adults other than parents ðoedÞ,
5. General care with parents ðpcrÞ,
6. General care with adults other than parents ðocrÞ,
7. Social activities ðsocÞ,
8. Media ðmdaÞ,
9. Not sure what child was doing ðunkÞ.

Note that we attempt to distinguish activities that have an educational
component from those that involve basic child care, supervision, or child
rearing. Educational activities include time spent reading a story, being talked
to, or helping with chores. In contrast, general care includes activities such as
traveling ðtransportationÞ, being fed, or being cuddled.We further split these
two categories depending on whether they are done with the parents or with
other adults. In the appendix we fully describe our recoding algorithm.
Note that children could be coded to a number of activities concurrently,

so the sum of time spent in different activities may exceed 24 hours. Unfor-
tunately, parents were not asked to differentiate between the main activity
being undertaken ðprimary activityÞ and any activities being undertaken con-
currently ðsecondary activitiesÞ. Thus, whenever the parent indicated that the
child was in two or more concurrent activities within the same time slot, we
assign the slot to what we consider the primary activity. The numbering 1–9
of the time inputs listed above reflects our ordering into primary, secondary,
and soon. Say, for instance, a childwas being fed by themother ð5, general care
withparentsÞwhile alsowatchingTV ð8,mediaÞ.Wewouldcode this asgeneral
carewithparents sincewe consider this the primary activity.Also, note thatwe
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distinguish between cases where the activity was coded “Not sure what child
was doing,” an entry in the diary, and caseswhere the activity is simplymissing
ðwhich are excludedÞ.

2. Attrition, Missing Data, and Sample Selection

To simplify the discussion of problems with attrition, missing data, and
sample selection we use forward slashes to indicate wave 1, wave 2, and
wave 3 diary data ðwave1/wave2/wave3Þ. In the LSAC there are a total of
6,959/6,453/5,573 diaries for 3,728/3,385/2,906 children. Therefore, diary
data are not available for 25% of the original sample of 4,983 children at
wave 1. There is additional attrition of 7% between waves 1 and 2 and 10%
betweenwaves 2 and 3. Attrition in themain survey is 10%betweenwaves 1
and 2, but only 3% between waves 2 and 3. Diaries were left to parents to
complete and send back to LSAC administrators, while themain surveywas
collected with the interviewer present.
Among those parents who filled out a diary, not all returned both week-

end andweekday diaries. Since our objective is to investigate time allocation
during a week, we exclude these cases. Also, parents were asked to indicate
whether the diarywas completed on an ordinary day, a holiday, a crisis day,
and so on. Since we would like the diaries to be as representative as possible
of the child’s typical time allocation, we exclude diaries filled out on non-
ordinary days. We further restrict our sample to diaries filled out within the
school term dates.
Also, there are several diaries where not all of the 96 15-minutes slots were

assigned to an activity. We choose to keep only complete diaries and do not
impute unassigned slots with one exception: slots between 10 p.m. and 6 a.m.
that are missing or coded “Not sure what child was doing” are recoded as
time in bed sleeping.
Finally, we also drop cases with clear inconsistencies between the main

and the diary data. An example is a parent indicating that the child is en-
rolled in school while the weekday diary data shows very low school time,
or vice versa.
Table 2 shows the combined effects of attrition, missing data, and our

other sample screens. Clearly the combined effect on sample size is sub-

Table 2
Diaries Completed

Wave 1 Wave 2 Wave 3

Number % Number % Number %

Main data 4,983 100.0 4,464 90.0 4,331 87.0
Time use diaries 3,728 74.8 3,381 67.8 2,905 58.2
1 weekend and 1 weekday diary 3,149 63.1 2,984 59.9 2,665 53.5
Our sample 1,314 26.4 1,064 21.3 591 11.8

NOTE.—Percentages are computed as a proportion of the original sample of 4,983 children.
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stantial, as we have usable diaries for 26%, 21%, and 12% of the original
sample by waves 1, 2, and 3, respectively. Still, we have sample sizes of over
1,000 in waves 1 and 2.
We next investigate whether attrition, missing data, and our screening

criteria lead to sample selection with respect to the original sample. To do
so we run a probit model where the dependent variable is equal to one if
the child is in our sample and zero otherwise. The independent variables
are demographic characteristics reported in the main survey. Table 3 pre-
sents the results. There is evidence of statistically significant selection on
some observables. But the very small coefficients and pseudo-R2 values
suggest that selection on observables is quantitatively weak. For instance,
children in our sample tend to have slightly better educated parents.

3. Children’s Time Allocation

In this section we describe children’s time allocation in our sample using
the recoded activities as described above.
In figures 1, 2, and 3, we show the distribution of each time use category

over a 24-hour period ðtempogramÞ. We present separate subfigures for
the three waves. We use solid lines to describe weekday patterns and dashed
lines to describe weekend patterns. The vertical axis measures the fraction
of children in a specific category, while the horizontal axis shows the time
of the day. Note that the vertical axes are not on a common scale across
all panels. This makes it easier to see how each time input varies over the
24 hours but makes it harder to get a sense of how frequent each category is
relative to the others. Not surprisingly, School/day care activities ðschÞ are
most frequent between hours 9 and 16. After hour 18 almost no child is
in preschool/day care. Educational activities with parents ðpedÞ are wide-
spread throughout the day, but with a mode in the evening ði.e., around
hours 19–20Þ. General parental care ðpcrÞ is instead multimodal with peaks
in the early morning, lunchtime, and evening. Both these patterns are in-
tuitive given patterns of meals and bedtime reading, lending face validity to

Table 3
Differences between Original and Selected Samples

Wave 1 Wave 2 Wave 3

Gender 2.029** .003 .013
Child’s age 2.000 2.004** 2.000
Number of siblings 2.008 2.018** 2.013**
Mother’s income 2.003 .003 2.003
Father’s income .005** 2.000 .000
MaxfM Ed, F Edg .014** .007** .006**
Pseudo R2 .020 .010 .009

NOTE.—MaxfM Ed, F Edg 5 max years of education between mother and father. Numbers
in table are marginal effects calculated at the means, except for gender ðcalculated for girlsÞ.
** Significant at the 5% level.
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the diary data. Social activities ðsocÞ are quite widespread throughout day,
with higher frequency in the 8–9 and 15–18 timewindows. Time usingmedia
ðmdaÞ peaks in the early morning and evening. Bed time has the expected U
shape. Because of our coding algorithm there are no children in the “Not
sure” ðunkÞ category between 22 and 6 on the following day.
Table 4 shows the weekly distribution of time across children. Weekly

hours are derived by multiplying the weekday allocation by 5 and the
weekend day allocation by 2, and then by summing the two products. As
expected there is more variation in school/child care time at wave 1 ðwhen
children are on average 4 years and 9months old and are therefore attending
child care/kindergarten/preschoolÞ than at waves 2 and 3 ðwhen children
would be attending primary schoolÞ. Since primary school hours are gen-
erally uniform across schools, the variation at waves 2 and 3 is mainly the
result of before and after school care time. Time in school seems to reduce
time with parents, both in educational or general care activities. It is also
evident that both the level and standard deviation of educational and general
care activities with other adults are much less than those with parents.

B. Children’s Skills, Demographics, and Parental Background

1. Cognitive and Noncognitive Skills

The LSAC children were administered three cognitive skill tests depend-
ing on their age.

Peabody Picture Vocabulary Test ðall wavesÞ: A short form of the Pea-
body Picture Vocabulary Test ðPPVT-IIIÞ, a test designed to measure
a child’s knowledge of the meaning of spoken words and his or her
receptive vocabulary. Different versions of the PPVT containing dif-
ferent, although overlapping, sets of items of appropriate difficulty
were used for children ages 4–5 years, 6–7 years, and 8–9 years. A
PPVT stimulus book with 40 plates of display pictures was used. The
child is not required to define words but to show what they mean by
pointing to ðor saying the number ofÞ a picture that best represents the
meaning of the word.

Matrix Reasoning Test ðwaves 2 and 3Þ: Children completed the Ma-
trix Reasoning Test ðMRTÞ from the Wechsler Intelligence Scale for
Children, 4th edition ðWISC-IVÞ at ages 6–7 and 8–9 years. This test
of nonverbal intelligence presents the child with an incomplete set of
pictures ðdefined by geometric shapesÞ and requires them to select a
picture that completes the set from five different options.

WhoAmI? test ðwave 1 onlyÞ: TheWhoAmI? ðWAIÞ is a direct child
assessment measure that requires children to copy shapes and write
numbers, letters, words, and sentences. It is used for the children at
ages 4–5 to assess general cognitive abilities needed to begin school.
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In

FIG. 1.—Tempogram, wave 1

FIG. 2.—Tempogram, wave 2



the analysis we standardize each score to have mean 0 and standard de-
viation 1.6

Noncognitive skills are measured through parental assessment. In all
three waves parents were asked 25 questions about children’s behavior.
Answers to each question can take three values: 1, Not true; 2, Somewhat
true; 3, Certainly true.

Table 4
Weekly Time in Each Derived Activity

Wave 1 Wave 2 Wave 3

Mean SD Min Max Mean SD Min Max Mean SD Min Max

ped 10.77 9.73 .00 82.50 5.82 3.90 .00 23.00 5.98 4.56 .00 26.50
pcr 31.15 11.18 .00 79.50 25.20 7.01 2.50 65.25 25.14 7.42 7.50 53.50
sch 19.85 16.04 .00 60.00 34.50 4.37 26.25 65.00 35.01 4.31 26.25 55.25
oed .56 2.20 .00 25.00 .14 .78 .00 11.50 .15 .80 .00 12.00
ocr 2.62 6.83 .00 47.50 1.31 3.05 .00 29.25 1.34 3.25 .00 31.25
soc 14.10 9.43 .00 70.50 15.55 7.22 .00 51.50 14.49 7.14 .00 42.50
mda 9.17 6.87 .00 43.50 8.74 5.60 .00 32.25 10.49 6.80 .00 38.75
bed 79.35 6.84 40.25 139.75 76.43 5.34 40.75 92.75 75.19 5.52 47.00 92.25
unk .43 3.05 .00 41.25 .30 1.48 .00 17.50 .21 1.10 .00 12.75

NOTE.—Observations 5 1,314 ðwave 1Þ, 1,064 ðwave 2Þ, 591 ðwave 3Þ.

FIG. 3.—Tempogram, wave 3

6 The PPVT and MRT tests are copyright protected, and we cannot include an
example in the paper. However, we had a chance to see ðand even attemptÞ the
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Starting from the 25 questions, we construct measures of noncognitive
skill by using iterated principal factor analysis. In table 5 we show the
rotated factor loadings.7 At each wave we retain three factors ðthose whose
eigenvalues are larger than oneÞ. In the table we set in boldface the factor
loadings larger than 0.25 in absolute value: the larger is the factor loading
the larger is the correlation between the variables ðrowsÞ and factors ðcol-
umnsÞ. The loadings are remarkably stable across waves.
Based on the factor loadings, we interpret the first factor as an index of

behavioral problems such as restlessness, overactivity, short attention
span, and temper problems. The second factor seems to capture empathy,
kindness, and friendliness. Finally, we interpret the third factor as an index
of poor self-esteem, insecurity, shyness, and depression ða range of emo-
tional problemsÞ. These kind of noncognitive skills are similar to those mea-
sured by Cunha and Heckman ð2008Þ. For clarity, in the rest of the paper
we will use a single term to describe each factor, namely: factor 1: index of
behavioral problems; factor 2: index of good relationships with others; and
factor 3: index of emotional problems. Each factor is standardized to have
mean zero and standard deviation one and ordered so that a higher score
corresponds to better noncognitive skills, that is, fewer behavioral or emo-
tional problems and better relationships with others.

2. Other Variables of Interest

The LSAC is a very rich data set. A great deal of information was col-
lected about the child, as well as his or her household, home, and school
environments. In table 6 we report basic statistics for a few selected variables.
The sample is evenly split between girls and boys. Parents were on average in
their early thirties at the time of their child’s birth, with fathers about 2 years
older thanmothers. Father’s income is substantially larger thanmother’s in-
come ðas a relatively lowproportion ofmotherswork full time inAustraliaÞ.
The percentage of indigenous children is unfortunately very small: it was
quite difficult to contact and follow those living in remote areas. Table 7
shows mothers’ education, and the order in the table reflects the ranking of
qualifications. Achieving year 12 is equivalent to graduating from high
school. Certificates represent vocational qualifications post–high school.

7 Note that only two questions changed between waves 1 and 2, while between
waves 2 and 3 there was no change. In the two cases where the question changed
across waves, we show both wave 1 and 2/3 questions separated by a double ver-
tical line.

tests. Our impression is that they do capture different types of skills. More in-
formation about the Peabody Picture Vocabulary Test can be found at http://
www.pearsonpsychcorp.com.au/productdetails/242 ðPPVT-4Þ and information
about the Matrix Reasoning Test can be found at http://www.pearsonpsychcorp
.com.au/productdetails/46.
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3. Derived Indicators of Parenting Style

The LSAC questionnaire asked both parents a set of questions describ-
ing their behavior toward the child. We identify 17 questions, common
across waves, that are related to parenting style ðsee table 8, col. 1Þ. We
factor analyze the answers reported by the mother to derive a concise set
of indicators of parenting style.8

Table 8 shows the rotated loading coefficients. The factor loadings
larger than 0.25 in absolute value are set in bold. As with noncognitive
skills, the factor loadings are very stable across waves. We interpret the

8 We use only the mother’s answer to account for those children with only one
biological parent ðmostly the motherÞ. We select factors with an eigenvalue larger
than 1.2.

Table 7
Mother Education

Wave 1 Wave 2 Wave 3

Variable % Cum % Cum % Cum

Year 8/below .69 .69 .57 .57 .68 .68
Year 9 1.53 2.22 1.04 1.61 1.19 1.87
Year 10 8.03 10.25 7.76 9.37 5.78 7.65
Year 11 5.81 16.07 5.39 14.76 6.29 13.95
Year 12 15.07 31.14 15.14 29.90 14.46 28.40
Other degree 1.30 32.44 1.70 31.60 1.87 30.27
Certificate 22.11 54.55 25.92 57.52 26.70 56.97
Advanced degree 8.88 63.43 9.46 66.98 9.01 65.99
Bachelor 21.12 84.54 18.16 85.15 16.16 82.14
Grad diploma 7.50 92.04 7.47 92.62 9.86 92.01
Postgraduate 7.96 100.00 7.38 100.00 7.99 100.00

NOTE.—Cum 5 cumulative.

Table 6
Demographics

Wave 1 Wave 2 Wave 3

Variable Mean SD Mean SD Mean SD

Girls .46 .50 .49 .50 .51 .50
SC age ðin monthsÞ 56.91 2.55 81.73 2.75 105.47 2.76
Mother’s age 35.20 4.83 37.31 4.91 39.59 4.94
Father’s age 37.49 5.45 40.00 6.06 41.74 5.66
Two biological parents .89 .31 .86 .34 .84 .37
Grandparent at home .03 .18 .04 .20 .03 .17
No. of siblings 1.43 .94 1.49 .91 1.54 .91
Father’s annual income 5.81 4.31 6.49 4.46 7.75 5.86
Mother’s annual income 2.28 2.11 2.93 2.90 3.29 2.55
SC is indigenous .02 .12 .02 .13 .02 .15

NOTE.—Father and mother annual income is divided by 10,000. SC stands for study child.

802 Fiorini/Keane



first factor as an index of mother warmth and affection. The second factor
is strongly correlated with situations where the child ignores punishment
and the mother has problems managing the child. Therefore, we interpret
this factoras an indexof themother’s effectiveness in imposingdiscipline.Note
that the questions that load on this factor capture not simply lack of discipline
but also inconsistency and harshness in how discipline is imposed ðthis is why
we adopt the description “ðinÞeffective” rather than “lenient”Þ. To help ex-
position, we change the sign of the second factor, so a large value corresponds
to effectiveness. In the rest of the paperwe refer to these two factors as factor 1,
index ofmotherwarmth, and factor 2, index of effectivemother discipline.We
include these two measures of parenting style in the regression analysis.
We can find only a few papers in economics ðDooley and Stewart 2007;

Cosconati 2009; Bjorklund, Lindahl, and Lindquist 2011Þ that use these
kind of variables when investigating the determinants of child develop-
ment. Yet the developmental psychology literature has investigated the
link between parenting style and skills, particularly the noncognitive ones,
since the early 1960s ðsee Baumrind ½1966%, Weiss and Schwarz ½1996%, and
Hart, Newell, and Olsen ½2003% for a discussionÞ.

III. Estimation

In equation ð2Þ, we wrote the production function for child cognitive
and noncognitive development as depending on both time inputs ðTIÞ and
parental background characteristics ðPBÞ:

Table 8
Home Environment Loading Factors, K Cohort—All Waves

Wave 1 Wave 2 Wave 3

Variable Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2

Display physical affection .5740 2.0297 .7369 2.0087 .7538 2.0445
Hug SC .6537 .0112 .6863 .0014 .6910 2.0342
Express happiness to SC .7107 2.0645 .7104 2.0905 .7404 2.0967
Warm encounters with SC .7047 2.0270 .7766 2.0399 .8078 2.0614
Enjoy doing things with SC .6590 2.0978 .6941 2.1021 .7299 2.1474
Close when happy or upset .6713 2.0994 .7246 2.1054 .7342 2.1348
Explains correction .4554 2.1460 .4446 2.1076 .4230 2.0457
Reasons when misbehaves .4786 2.1067 .4860 2.0668 .4498 2.0648
Make sure completes requests .1869 2.3073 .1799 2.2409 .1608 2.2350
Punish SC .0131 2.3546 .0329 2.2982 .0348 2.3224
SC gets away unpunished .0033 .6796 2.0330 .7138 2.0834 .6797
SC gets out of punishment .0195 .6814 2.0179 .6651 2.0439 .6507
SC ignores punishment 2.1180 .6791 2.0462 .7027 2.0970 .7100
Praise behavior .4210 2.1773 .4513 2.1865 .4858 2.2713
Disapprove of behavior 2.2445 .3467 2.2250 .4193 2.3271 .4024
Angry when punishing 2.2071 .3263 2.1900 .3561 2.1780 .3290
Have problems managing 2.2367 .5044 2.1690 .5695 2.2111 .5626

NOTE.—Factor loadings that are larger than .25 in absolute value are in bold. SC stands for study child.
Factor 1 5 index of mother warmth; factor 2 5 index of effective mother discipline.
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Yia 5 TI0ifK#agbfK#ag 1 PB0
ifG#agdfG#ag 1 eia:

However, identification of equation ð2Þ is complicated by endogeneity of
the time inputs ðTIÞ. Therefore, we estimate our production function un-
der alternative estimators that attempt to deal with endogeneity in different
ways. The estimators we choose are based closely on the discussion in Todd
and Wolpin ð2003, 2007Þ. Below we briefly review the chosen estimators
and their assumptions.

A. OLS Using Contemporaneous Inputs Only ðCTÞ
This is arguably the most common specification in the literature. In this

model only current ðage aÞ inputs are included. The estimating equation be-
comes

Yia 5 TI0iafKgbafKg 1 PB0
iafGgdafGg 1 eia;

where TI and PB are, respectively, a K vector of observed time inputs and a
G vector of parental background characteristics. The key assumptions be-
hind this model are:

Only current time inputs matter.

PBiafGg is a good proxy for any unobserved inputs as well as innate
ability mi.

Thus, the OLS estimator relies on a rich set of control variables ðPBÞ to
proxy for mi, thereby dealing with the endogeneity that arises if allocations
are correlated with innate ability. This assumption is arguably more plau-
sible in the LSAC than in most data sets previously used to study child
development, because of the very rich set of controls that are collected ðpar-
ticularly the home environment measuresÞ.

B. Contemporaneous 1 Lagged Test Score ðVAÞ
This specification is known in the literature as value added. It is iden-

tical to CT but for the inclusion of the lagged test score as a control var-
iable. Intuitively, the lagged score acts as a proxy for unobserved innate
ability m. The estimating equation becomes

Yia 5 TI0iafKgbafKg 1 PB0
iafGgdafGg 1 laYi;a21 1 eia:

Although this specification may seem to be a clear improvement over the
contemporaneous one, it also requires some strong assumptions. Namely,

The effect of inputs ðobserved or unobservedÞ declines with age at
the rate la.

The effect of mi declines with age at the rate la.
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A few steps of algebra are needed to understand these assumptions. For
the sake of brevity we refer the reader to Todd and Wolpin ð2007, 98–99Þ.

C. Fixed Effects ðFEÞ
Within-child fixed effects ðor first differencesÞ is another popular speci-

fication whenever longitudinal data are available. The estimating equation
becomes

DYia 5 DTI0iafKgbfKg 1 DPB0
iafGgdfGg 1 Deia:

Here one differences out the scalar mi rather than attempt to control ðor
proxyÞ for it. The key assumptions behind this model are:

Strict exogeneity of inputs with respect to eia ði.e., eia21 cannot affect
inputs at aÞ.

The effect of observed inputs is constant by age.

The effect of mi is constant by age.

The omitted inputs and their effect are constant with age.

D. Contemporaneous 1 Lagged Inputs ðCUÞ
This specification ðalso known as the cumulative modelÞ expands

the contemporaneous specification to include observable lagged inputs.
Thus, it relaxes the assumption that only current inputs matter:

Yia 5 TI0ifK#agbfK#ag 1 PB0
ifG#agdfG#ag 1 eia;

where TI and PB are now aK# amatrix of observed time inputs and aG#
amatrix of parental background characteristics. The key assumption behind
this model is:

PBifG#ag is a good proxy for any unobserved inputs as well as innate
ability mi.

E. Contemporaneous 1 Lagged Inputs 1 Lagged Test ðCVÞ
This specification is a combination of the cumulative and value-added

models. It generalized the value-added model by relaxing the assumption
that the effect of observed inputs declines at rate la. The estimating equa-
tion becomes

Yia 5 TI0ifK#agbfK#ag 1 PB0
ifG#agdfG#ag 1 laYi;a21 1 eia:

The key assumption behind this model is now:

The effect of mi and unobserved inputs declines with age at the rate la.

This model was preferred in Todd and Wolpin ð2007Þ, as we discuss
below.
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F. Discussion

Among the estimators that we include, CT, VA, andCU are nested within
CV. Yet as Todd and Wolpin ð2003, 2007Þ point out, it is difficult to argue
in favor of any one model unless the researcher has strong priors on the set
of assumptions needed to justify each. Most papers present results for a
range of estimators, choose a “preferred”model based on some criterion, and
then focus on the estimates from that model to draw policy conclusions.
For example, in their 2007 paper Todd and Wolpin pick the CV model be-
cause it minimizes the out-of-sample root mean-squared error ðRMSEÞ.
In contrast, we are not interested in choosing a preferred model per se,

as any criterion we might use to do so would necessarily be controversial.
Rather, we are interested in whether there exists an estimator-robust rank-
ing of the time inputs.9 As the set of estimators that we consider encompasses
the most widely used econometric techniques in this literature, finding a
ranking that does not depend on the chosen estimator would be extremely
encouraging. Such a ranking, if it exists, implies that a reallocation of time
use can enhance child development.
Some of our estimators are demanding in terms of data. In particular, ex-

cept for the CT model, they all require panel data. But children included in
one wave of our sample are not always included in the other waves, as they
may have missing diary data in some years. Likewise children in the wave 2
sample are not always in the wave 1 sample. As a result, if we want to com-
pute theCVestimator using all threewaveswewouldbe leftwithonly about
200 observations. Given that we use about 40 control variables on the right-
hand side, there would be few degrees of freedom left. For this reason we
decided to use only waves 1 and 2 ðthe largest onesÞ in our main analysis.
Hence, the results in Section IV are obtained using thewave 2 test scores and
thewave 1 and2 time inputs and controls. In the appendixwealso showsome
of the results obtained using waves 2 and 3.We do not attempt to use all the
three waves at once because the sample size would be too small. Since the
MRT test score was not administered at wave 1 we cannot, in principle,
compute the value added ðVA, CVÞ and fixed effect ðFEÞ estimators for this
test. Instead, we use the Who Am I? test as a proxy for the lagged MRT test
score. In other words, the wave 1WAI test proxies for lagged ability, rather
than the lagged MRT test. The results in the VA, FE, and CV columns
should be interpreted accordingly.
Finally, it would also be natural to consider an IV approach. However,

as discussed earlier, we would need to findK2 15 8 valid instruments for
the time inputs. This is not a feasible task in our application. If our main
concern is the endogeneity of the time inputs arising from the correlation

9 Of course, such a robust ranking is not necessarily the true one, as it is possible
that all these estimators are inconsistent. For the same reason, a ranking that is
rejected by one or more estimators is not necessarily false.
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with the scalar mi, it is more practical to attempt to control or proxy for mi

using one of the five common estimators described here.

IV. Results

Tables 9–13 present our estimation results for cognitive and noncogni-
tive skills. Because the nine time inputs are collinear, we take educational
activities with parents ðpedÞ as the omitted category. Hence, the coeffi-
cients of the other K 2 1 time inputs should be interpreted as their effect
relative to that of educational activities with parents. Asterisks indicate
whether these relative effects are significant at the 5% and 10% levels. We
also report the F-test for the null hypothesis of equality of all the wave 2
time input coefficients.
Of course, the estimates in tables 9–13 do not directly show the ranking

of the K time inputs: they do not show whether, for instance, time spent
using media has a statistically different effect from time spent in social
activities. To fill this gap we construct a second set of tables ðsee appendix
tables A1, A2Þ, where in the left column the time inputs are ranked from
most to least productive and where the cells show the difference between
any pair of time inputs together with its statistical significance. Thus, the
coefficients in these tables are independent of which time input is the
omitted category. Next, we discuss separately the results for cognitive and
noncognitive skills.

A. Cognitive Skills

1. Peabody Picture Vocabulary Test ðPPVTÞ
Table 9 shows the estimated coefficients for the PPVT test score, while

table A1 describes the ranking of the time input coefficients. With the ex-
ception of the FE estimator we reject the hypothesis that the wave 2 time
inputs are equally productive. Educational activities with parents ðpedÞ
and with adults other than parents ðoedÞ appear to be the most produc-
tive inputs. That is, in table 9 the coefficients on other activities are typically
negative, implying that they are less productive than ped and oed. And
in table A1 ped and oed rank as the top two time inputs for all estimators
except fixed effects.
The problemwith fixed effects is that the estimates are too imprecise ðdue

to the efficiency loss that results from differencingÞ for the rank differences
to be significant. Still, the point estimates imply that educational time with
adults is among the most productive inputs.
On the other hand, time spent in general care activities with parents ðpcrÞ

or with other adults ðocrÞ is generally found in the bottom half of the rank-
ing. The results have clear implications for the impact of time realloca-
tions. For instance, the CT estimator suggests that 1 more hour a week
spent in educational activities with parents ðpedÞ rather than in general care
ðpcrÞ would increase the PPVT test score by 0.034 standard deviations. It is
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also noteworthy that time spent using media ðmdaÞ is a more valuable input
than time in before/after school care ðschÞ.
Among the control variables, the estimate of the parental education coeffi-

cient is consistently positive, implying that an extra year of education raises
scores by about .06 to .07 standard deviations across estimators. The exception
is fixed effects, where the education coefficient is imprecisely estimated and
has thewrongsign.Girls score consistently lower thanboyson thePPVTby
.10 to .20 standard deviations. Most of the other controls have the expected
sign, but they are not always significant depending on the estimator.
The coefficient on the lagged test score is about 0.31 and highly signifi-

cant in both the VA and CV models. Other lagged control variables do not
seem to be especially important: they are jointly significant but the adjusted
R-squared does not increase much when they are added. Nevertheless, in
the CU andCVmodels the lagged coefficient onmother effective discipline
is positive and quantitatively large.
To get a sense of how important time allocation is relative to the back-

ground variables ðlike parental educationÞ we consider the following com-
parison: according to the CT estimator, the effect of having 2 more hours a
week in educational activities with parents, rather than 1 hour in general
care with other adults ðocrÞ and 1 hour in social activities ðsocÞ, is a 0.0401
0.0275 0.067 standard deviation increase in the PPVT score. This is about
the same as the 0.063 standard deviation increase produced by 1 additional
year of parental education.

2. Matrix Reasoning Test ðMRTÞ
Table 10 shows the results for the MRT test, while table A2 presents the

ranking of the time input coefficients. Overall the results are quite similar to
those for the PPVT test. For instance, educational activities with parents
ðpedÞ and educational activities with other adults ðoedÞ are always near the
top of the rankings. Time spent in general care activities with parents ðpcrÞ
is generally near the bottom of the rankings. As with the PPVT, only in
the case of the FE estimator do we fail to reject the null hypothesis that the
wave 2 time inputs are all equally productive ðp 5 .116Þ.
According to the CT estimator, the effect of having 2 more hours a

week in educational activities with parents, rather than 1 hour in general
care with other adults ðocrÞ and 1 hour in social activities ðsocÞ, is 0.016 1
0.019 5 0.035. This is again comparable to the 0.039 standard deviation
increase produced by 1 additional year of parental education. And, as with
the PPVT, the lagged control variables are statistically significant, but their
inclusion has little impact on the adjusted R-squared.
However, there are also some differences from the PPVT test score re-

sults. For example, time spent in before/after school care always ranks higher
for the MRT test score than for the PPVT, while time sleeping/napping
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now ranks consistently as the least productive input ðof course, all the re-
sults only apply within the range of variation in the data: obviously one
could not increase scores by substituting all sleep time with educational
timeÞ.10 Among the control variables, the child’s gender is no longer sig-
nificant, but child age is ðolder children scoring higherÞ. The coefficient on
the lagged score is large and highly significant, even though we are actually
using the WAI test score rather than the lagged MRT score. This result
suggests that lagged ability is still a good predictor for current test scores.
The lagged indicator of mother effective discipline is no longer significant.

B. Noncognitive Skills

1. Behavioral Problems

Table 11 show the results for the index of behavioral problems ðordered
so a higher score means fewer problemsÞ. The findings for this dimension
of noncognitive skill are very different from those for cognitive skills.
With the exception of the CV estimator, the F-test provides little evidence
of significant differences in the effect of the time inputs. For this reason we
omit the supplementary table that describes the ranking of the time inputs.
Among the control variables, parental education is never statistically sig-
nificant, and girls have much better scores than boys. The coefficient on
mother effective discipline is now consistently positive and quantitatively
large across all five estimators ðmeaning that more effective discipline
leads to fewer behavioral problemsÞ. The lagged behavioral test score is
more important than for cognitive skills, suggesting that there is more per-
sistence in the index of behavioral problems than in cognitive skills.

2. Good Relationships

The findings for the index of good relationships are reported in table 12.
The results are similar to those for behavioral problems. There is little or no
evidence that the time allocation matters for this dimension of noncogni-
tive skill. Girls score better than boys, mother effective discipline has a pos-
itive effect on the index, and the lagged score is statistically significant and
large in magnitude. The main difference with the index of behavioral prob-
lems is that now the factor capturingmother warmth is also very important.

3. Emotional Problems

Finally, table 13 shows the results for the index of emotional problems
ðwhere a higher score means fewer problemsÞ. Consistent with the other
two indexes of noncognitive skills, we find that time allocation is of no

10 Table 4 shows that at wave 2 the average child was spending 76.43 weekly
hours in bed, or about 11 hours a day, with a standard deviation of 5.34 hours per
week, or .76 hours per day. Thus, a two standard deviation range of sleep hours is
roughly 10 1/4 to 11 3/4 per day.
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importance.11 Once again, mother effective discipline has a positive effect
on the index, and the lagged score is statistically significant and large in
magnitude. There is no evidence of a gender effect in this case, while chil-
dren with more siblings score better. Overall, the adjusted R-squared is
lower than for the behavioral problems and relationship indexes.

C. Comparison between Cognitive and Noncognitive Skills

The results in Sections IV.A and IV.B indicate that the production
functions for cognitive and noncognitive skills are very different. Cog-
nitive skills are affected by the way children’s time is allocated and by
parental education. The effect of reallocating time across different activ-
ities is large and ðin the plausible scenarios we consideredÞ comparable in
magnitude to the effect of 1 more year of parental education. But non-
cognitive skills seem insensitive to both the allocation of children’s time and
parental education. Instead we find they are strongly influenced by par-
enting style, specifically effective discipline and warmth. Adding these
indicators of parenting style to the standard set of control variables does
little for cognitive skills but strongly increases the adjusted R-squared for
the noncognitive ones.
This result on the importance of parenting style for noncognitive skills

appears to be new in the economics literature.12 Nevertheless, it aligns
with previous studies in developmental psychology which found that “au-
thoritative” parenting ða warm, engaged, rational parent-child relationshipÞ
leads to fewer behavioral problems.13We also find that lagged scores are more
predictive of noncognitive skills, suggesting stronger persistence in non-
cognitive skills ði.e., behaviorsÞ than in cognitive skills, at least at young ages.

D. A Formal Test of Rankings

The main advantage of our study is the use of 24-hour time diaries. This
allows explicit characterization of the trade-off between alternative activities.

13 Weiss and Schwarz ð1996Þ find that authoritative parenting also leads to
higher school grades, which contradicts our results on the PPVT and MRT. How-
ever, they study older adolescents, not young children.

11 For the index of emotional problems, and to a less extent for the index of
behavioral problems, the CV estimator’s coefficient on oed is generally negative
and very large. We refrain from interpreting this result as an indication that ed-
ucational activities with adults other than parents might have a negative effect. It is
possible that this coefficient is also picking up an effect of having less support from
parents.

12 Dooley and Stewart ð2007Þ only look at noncognitive skills while Cosconati
ð2009Þ looks at the effect of one aspect of parenting style ði.e., time use constraints
or curfewsÞ on cognitive skills. Bjorklund et al. ð2011Þ investigate the determinants
of siblings’ correlation in income. However, we are not aware of any prior study
that both ðiÞ uses broad measures of parenting style and ðiiÞ compares effects on
cognitive vs. noncognitive skills.
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The results in Section IV.A show that children’s time allocation affects their
cognitive development while having little impact on their social and emo-
tional development. Therefore, in this section we focus on cognitive skills
alone and investigate whether the data support a rankingðsÞ of the time in-
puts that cannot be statistically rejected across estimators.
We begin by testing the hypothesis that educational activities with

parents ðgenerally ranked at or near the top according to our point es-
timatesÞ is more productive than three other inputs generally ranked in the
bottom half: time in general care with parents or other adults and time
sleeping/napping. Formally, our test can be written as

H2 : bped ≥ fbpcr; bocr; bbedg
vs:

H1 : fbped; bpcr; bocr; bbedg ∈ R4:

ð3Þ

The implementation of this type of test is complicated by the fact that
the null hypothesis contains a number of inequalities. Conventional two-
sided and one-sided multivariate tests are not designed to address the
hypothesis in ð3Þ. Wolak ð1987, 1989Þ develops a test for examining the va-
lidity of linear inequality constraints on the parameters of linear econometric
models. His procedure involves three steps. First, one solves

min
b
ðY 2XbÞ0ðY 2XbÞ subject to Rb > r; ð4Þ

where X is the matrix of covariates ði.e., time inputs and parental back-
ground variablesÞ and Rb > r expresses the inequality constraints. Second,
we compute the Wald statistic, using the restricted and unrestricted esti-
mates together with the unrestricted estimate of the variance-covariance
matrix. However, theWald statistic has a x2 distribution: a weighted average
of x2 cumulative distribution functions where the weights have to be com-
puted or simulated.14 The third and final step involves deriving the weights
and computing the p-values accordingly.
Testing ð3Þ is not sufficient however. Even if H2 is not rejected, the null

hypothesis could hold with equality. Because of the weak inequalities, the
null hypothesis in ð3Þ is a test for educational activities with parents being no
worse than the other three time inputs ðpcr, ocr, bedÞ. Therefore, we com-
plement ð3Þ by testing the null hypothesis of equality versusweak inequality:

H0 : bped 5 bpcr 5 bocr 5 bbed

vs:

H2 : bped ≥ fbpcr; bocr; bbedg:
ð5Þ

14 Close form solutions for the weights exist only for rank ðRÞ ≤ 4.
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Wolak ð1987, 1989Þ also shows how to implement the test in ð5Þ. Here-
afterwe refer to the test in ð3Þ as the “inequalityversus unrestricted” ðIUÞ test
while we refer to the test in ð5Þ as the “equality versus inequality” ðEIÞ test.
If we cannot reject the null in the IU test but we reject the null in the EI
test then we can conclude thatH2 holds with at least one strict inequality. In
our context, that would imply that educational activities with parents is no
worse than the other three activities ði.e., time in general care with parents
or other adults and time in bedÞ, while at the same time being better than at
least one of them. We also test a few permutations of the time inputs to see
whethermultiple rankings could be consistent with the data.
Tables 14 and 15 show the results for the PPVT and MRT test scores,

respectively. The numbers in the table are the Wald statistics obtained by
solving ð4Þ subject to either ð3Þ or ð5Þ, giving the the IU and EI tests, re-
spectively. A Wald statistic of zero corresponds to the case where the re-
stricted and unrestricted estimates are identical. Asterisks indicate whether
the Wald statistics are significantly different from zero, with the p-values
calculated as explained above.
The first ranking tested in tables 14–15 ðRnk1Þ is the one defined in ð3Þ.

For both the PPVT and MRT test scores, the Wald statistic for the IU test
is always zero or approximately zero, indicating that this ranking is strongly
supported by the data. The Wald statistic for the EI test is always positive
and statistically significant, indicating that the hypothesis of equality is
strongly rejected. Together, these two results support the hypothesis that
educational activities with parents are more productive than time in gen-
eral care with parents or other adults and time in bed.

Table 14
Ranking Test—PPVT

CT VA FE CU CV

IU EI IU EI IU EI IU EI IU EI

Rnk1: ped >fpcr,
ocr,bedg .00 23.00** .00 21.78** .07 8.63** .00 17.46** .00 17.99**

Rnk2: oed >fpcr,
ocr,bedg .00 3.49 .00 3.07 .00 4.79 .00 2.45 .00 3.11

Rnk3: ped >fpcr,
ocr,bed,schg .00 24.68** .00 24.19** .07 18.61** .00 17.83** .00 18.10**

Rnk4: oed >fpcr,
ocr,bed,schg .00 4.34 .00 4.91 .00 8.86** .00 2.70 .00 3.11

Rnk5: ped > mda >
fpcr,ocr,bedg .00 25.36** .00 23.14** .08 9.00** .00 19.75** .00 20.35**

Rnk6: ped > mda >
fpcr,ocr,bed, schg .00 27.90** .00 26.35** .08 22.82** .00 20.46** .00 20.72**

NOTE.—Numbers in table are Wald statistics. IU: inequality vs. unrestricted test. EI: equality vs.
inequality test.

* Significant at the 10% level.
** Significant at the 5% level.

822 Fiorini/Keane



In the second ranking ðRnk2Þ, we replace educational activities with
parents ðpedÞwith educational activities with other adults ðoedÞ. This time
input was also often ranked near the top in table A2. TheWald statistic for
the IU test is again equal to zero for both the PPVT andMRT tests and for
all estimators. But this time the statistic for the EI test is smaller and never
significant. This is probably due to the relatively low variation in educational
activities with other adults ðsee table 4Þ, which causes the coefficient on oed
to be imprecisely estimated.
Next, we extend our test by including time in before/after school care in

our set of “inferior” time inputs ðalongside time in general care with par-
ents or other adults and time in bedÞ. We refer to the rankings where ed-
ucational time with parents or with other adults are the “superior” inputs
as Rnk3 and Rnk4, respectively. These tests involve one additional in-
equality than the test in ð3Þ, so the Wald statistics can only be larger. The
results for Rnk3 and Rnk4 are little changed from the previous results for
Rnk1 and Rnk2: the Wald statistics for the inequality tests are zero or ap-
proximately zero, so we never reject the ranking. The equality test is re-
jected for educational activities with parents ðthe only exception being the
FE estimates for the MRT scoreÞ but not for educational activities with
other adults. Thus, the LSAC data suggest that one could improve chil-
dren’s cognitive test scores via a reallocation of time that increases time
in educational activities with parents while reducing time in general care
activities, in bed, or in before/after school care. This conclusion holds un-
der all estimators.

Table 15
Ranking Test—MRT

CT VA FE CU CV

IU EI IU EI IU EI IU EI IU EI

Rnk1: ped > fpcr,
ocr,bedg .00 14.13** .00 9.98** .00 5.51* .00 12.37** .00 12.09**

Rnk2: oed > fpcr,
ocr,bedg .00 4.83 .00 4.67 .00 4.33 .00 2.28 .00 3.63

Rnk3: ped > fpcr,
ocr,bed,schg .17 28.85** .07 19.01** .00 5.63 .00 15.26** .00 14.23**

Rnk4: oed > fpcr,
ocr,bed,schg .00 21.99** .00 14.64** .00 4.36 .00 5.53 .00 6.38

Rnk5: ped >mda >
fpcr,ocr,bedg .01 14.93** .00 14.41** .27 7.77** .24 12.24** .51 12.35**

Rnk6: ped >mda >
fpcr,ocr,bed,schg 7.50** 20.04** 1.29 19.87** .00 9.25** 6.39* 8.64** 4.84 10.54**

NOTE.—Numbers in table are Wald statistics. IU: inequality vs. unrestricted test. EI: equality vs. in-
equality test.

* Significant at the 10% level.
** Significant at the 5% level.
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Since the data back Rnk1 and Rnk3, we proceed to test the stronger hy-
pothesis that educational activity with parents ðpedÞ is more productive
than time using the media ðmdaÞ and that time using the media is more
productive than time in general care with parents or other adults and time
in bed. We call this Rnk5. The hypothesis that time spent using media is
among the most productive activities seems consistent with table A1 but
less so with A2. Formally, the inequality test can be written as

H2 : baed ≥ bmda ≥ fbpcr; bocr; bbedg
vs:

H1 : fbped; bmda; bpcr; bocr; bbedg ∈ R5;

ð6Þ

while the equality test that is analogous to ð5Þ follows accordingly. The
test in ð6Þ involves two more inequalities than the test in ð3Þ. Neverthe-
less, as we see in tables 14–15, we still obtain small Wald statistics, and the
hypothesis of inequality is never rejected. At the same time, the hypothesis
of equality is always strongly rejected. These results indicate that parents
could improve cognitive outcomes by substituting media time for general
care with parents or other adults and time in bed or, better yet, by increas-
ing time in educational activities with parents.
Finally, we add one more inequality by adding time in before/after

school care to the set of “inferior” inputs ði.e., time in general care with
parents or other adults and time in bedÞ. We call this Rnk6. By transitivity
this also implies that educational activities with parents are the most pro-
ductive activities. This time the null hypothesis holds for the PPVT test,
but it is sometimes rejected for the MRT score. This is an interesting result:
some parents may view having their child home using media as a normal
alternative for before/after school care. The LSAC data indicate that this
substitution might benefit the child’s verbal skills ðPPVTÞ but not logical
skills ðMRTÞ.

E. Functional Form and Optimal Allocation

All our models specify a linear relationship between the time inputs and
the children’s skills. Thus, the results should be interpreted at the margin:
that is, they measure the effect of reallocating children’s time within the
range of variation provided by the data. The effect would eventually break
down for large reallocations because the marginal products cannot be con-
stant, especially since time is a finite resource.
We checked the robustness of our results to functional form assumptions

by reestimating all models in log form ðlnYia 5 TI0ifK#agbfK#ag 1 PB0
ifG#ag

dfG#ag 1 eiaÞ and then replicating the ranking tests of tables 14–15. These
results are reported in the appendix. The results are virtually unchanged.
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We also tried to reestimate the models using a second degree polynomial in
the time inputs ðYia 5 TI0ifK#agbfK#ag 1 TI2ifK#ag

0ςfK#ag 1 PB0
ifG#agdfG#ag 1 eiaÞ.

However, the estimates become very imprecise and the adjusted R-squareds
did not improve.
It is also important to recognize that, if parents are making input choices

optimally, then our estimates imply nothing about it being optimal to
have any change in behavior. While our study is informative about the
productivity of each time input, optimal allocations also depend on input
prices. Marginal products should not be expected to be equalized at the
optimum. Our results are nevertheless of interest since incomplete infor-
mation about the production function may cause suboptimal decisions for
parents, in the way they allocate their children’s time, and for policy mak-
ers, in the way they use levers at their disposal ðe.g., child care subsidies,
parental leave policiesÞ to change the time input prices so as to enhance child
development.

F. Model Uncertainty

When many models are initially considered, all of them defensible, the
analyst has three main options. The first is to pick one model and adopt
the conclusions that flow from it rather than from the other defensible
models. But, as we explained earlier, we eschew any attempt to choose a
“best” model, as any criterion we could use would necessarily be contro-
versial. The second option is to present the analyses based on all the plau-
sible models without choosing between them. This is the idea of sensitiv-
ity analysis, and it is our preferred option here. The third possibility is to
take account explicitly of model uncertainty, for instance, through Bayes-
ian Model Averaging ðBMAÞ. The logic of Bayesian inference says that
one should obtain results from every model under consideration, average
them, and then draw the conclusions from the averaged results. Suppose
that we want to use the data D to compare competing hypotheses, which
are represented by the S statistical models M1, . . . , MS. Then, by Bayes’s
theorem, the posterior probability that Ms is the true model ðgiven that
one of the M1, . . . , MS models is the true oneÞ is

pðMsjDÞ5 pðDjMsÞpðMsÞ

oS

‘51pðDjM‘ÞpðM‘Þ
:

One can then use pðMs | DÞ to weight the model. We implement BMA
following Raftery ð1995Þ and Brock and Durlauf ð2001Þ. We put all the
models on an equal footing a priori, so that pðMsÞ5 1=S ∀ s, where S5 5
in our case. We then approximate pðDjMsÞ ≈ exp½ð1=2ÞBICs%where BIC is
the Bayesian information criterion. Then
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pðMsjDÞ5 expð20:5BICsÞ

oS

‘51expð20:5BIC‘Þ
:

Table 16 illustrates the results for the two cognitive skills. In both cases
the posterior odds favor the Contemporaneous1Lagged Inputs1 Lagged
Test ðCVÞ model strongly: the weight is 1. This would suggest using the es-
timates from the CV model alone.
While the ranking of time inputs is very similar across estimators, such

that focusing on the CVmodel alone would not alter the main conclusions
ðonly the FE estimator stands out on some occasionsÞ we still take the
BMA results with caution. BMA assumes that one of the models is the
“true” one, something we cannot be sure of, as explained in Section III.F.
Moreover, the implication of BMA is to focus on one set of ðaveragedÞ
results rather than testing their sensitivity across different specifications. It
is not clear to us that model averaging is a better way to deal with model
uncertainty. We still believe that sensitivity analysis is more appropriate
in our context.

G. Other Robustness Checks

In the appendix we present the Wald statistics obtained when using
waves 3 and 2 rather than waves 2 and 1. The results point in a similar
direction. Rnk1–Rnk6 IU tests are rarely rejected and the equality EI tests
are often rejected for the PPVT score. In contrast to the tests in table 14,
however, the EI tests now often fail to reject for the MRT score. Unfor-
tunately, the smaller sample size adversely affects the power of the tests.
This is particularly true when using the CU and CV estimators for which
we have no more than 200 observations.
We also tried to impute some of the incomplete time slots using the

where and with whom entries. We did so whenever there were only a
handful of incomplete slots in the diary. While sample size increased there
was no substantial change in the results. Therefore, we chose to present the
results without the imputed time slots.

Table 16
Weights in Bayesian Model Averaging

CT VA FE CU CV

PPVT:
BIC 3.0321e103 2.5076e103 4.1671e103 1.4066e103 1.3204e103
pðMs | DÞ 0 0 0 0 1

MRT:
BIC 3.1553e103 2.7898e103 4.1986e103 1.4414e103 1.4014e103
pðMs | DÞ 0 0 0 0 1
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Finally, a referee suggested that we instrument for the lagged test scores in
the value added models: VA and CV. This suggestion follows from the
idea that test scores may measure innate ability with error. Instrumenting
for the lagged test scores is straightforward in the case of the cognitive
ability tests, since all we need is another test score that is correlated with
the lagged one. In the case of the PPVT score, we use the Who Am I? test
as an instrument for the lagged PPVT. In the case of the MRT score, we
use the lagged PPVT as an instrument for the Who Am I? test. Using in-
strumental variables leads to larger estimates of the lagged test score co-
efficients, but more importantly it has little effect on the time use coef-
ficients and the corresponding ranking tests. Finding instruments for the
lagged noncognitive test scores is more difficult. Since these are derived
from factor analysis they are orthogonal by construction. Therefore we
were unable to implement IV for the behavioral test results.

H. Heterogeneity

In this section we explore whether the results are heterogeneous across
subgroups. We report the results of the IU and EI tests only.

1. Child Gender

We first split our sample of children according to their gender. Table 17
reports the average number of hours in each activity by gender. Girls spend
more time than boys in educational activities with parents and in bed. Boys
spend more time using media. These differences are statistically significant
at the 1% level. To test for heterogeneity in the production function across
genders we reestimate all the models for boys and girls separately. There-
fore, all the coefficients, and not just those on the time inputs, are allowed
to vary across gender. Tables 18 and 19 report the Wald statistics for the
input ranking tests, using the PPVT and MRT test scores, respectively.
For the PPVT test, there are no large differences between boys and girls,

and the results are similar to those obtained using the whole sample ðta-
ble 14Þ. One exception is given by the small and rarely significant Wald
statistics obtained when using fixed effects, where power is likely quite
low given the small sample size.
For the MRT test, the results for girls are relatively close to those ob-

tained when using the whole sample ðtable 15Þ. But in the case of boys the

Table 17
Weekly Time Allocation by Gender (Wave 2 Only)

ped pcr sch oed ocr soc mda bed unk

Boys 5.54 25.35 34.45 .11 1.36 15.62 9.38 75.88 .30
Girls 6.12 25.05 34.56 .16 1.25 15.49 8.08 77.00 .30

NOTE.—Numbers in tables are means. Observations: boys 5 544; girls 5 520.
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EI tests rarely reject when using the CU and CV estimators. This differs
from the findings for girls or the whole sample. The implication of this
is that the evidence that educational time with parents is superior to the
other inputs is much weaker for boys than for girls. This pattern is not
replicatedwhen using theCT andVA estimators, however.We do not have
a clear intuition to explain this difference based on gender. But, since the
CU and CV estimators include the lagged time inputs, this result might sug-
gest that boys are more sensitive than girls to early childhood investments.

2. Mother’s Education

Next, we split the sample based onmother’s education: ð1Þmothers who
have completed at most a certificate degree versus ð2Þ mothers with an

Table 18
Ranking Test—PPVT—by Child Gender

CT VA FE CU CV

IU EI IU EI IU EI IU EI IU EI

Boys:
Rnk1: ped > fpcr,
ocr,bedg .00 17.10** .00 13.02** .00 1.80 .00 5.48* .00 6.97**

Rnk2: oed > fpcr,
ocr,bedg .00 3.60 .00 3.34 .00 2.99 .00 2.13 .00 1.87

Rnk3: ped > fpcr,
ocr,bed,schg .00 17.29** .00 13.42** .00 3.85 .00 5.54 .00 7.01*

Rnk4: oed > fpcr,
ocr,bed,schg .00 4.26 .00 3.76 .00 5.91 .00 2.20 .00 2.07

Rnk5: ped > mda
> fpcr,ocr,bedg .00 18.09** .00 13.55** .27 3.81 .00 6.84** .00 9.84**

Rnk6: ped > mda
> fpcr,ocr,bed,
schg .00 18.21** .00 13.89** .27 9.10** .00 6.88* .00 9.85**

Girls:
Rnk1: ped > fpcr,
ocr,bedg .00 8.40** .00 11.98** .98 2.57 .00 9.74** .00 9.21**

Rnk2: oed > fpcr,
ocr,bedg .00 2.07 .00 3.34 1.10 3.07 .76 4.06 .00 2.04

Rnk3: ped > fpcr,
ocr,bed,schg .00 11.87** .00 19.30** .99 4.07 .00 11.98** .00 10.70**

Rnk4: oed > fpcr,
ocr,bed,schg .00 5.24 .00 9.73** 1.11 3.53 .76 6.15 .00 3.04

Rnk5: ped > mda
> fpcr,ocr,bedg .00 9.59** .00 12.39** 1.73 1.93 .01 10.90** .00 9.68**

Rnk6: ped > mda
> fpcr,ocr,bed,
schg .00 14.47** .00 21.55** 1.74 3.08 .01 14.04** .00 11.66**

NOTE.—Numbers in table are Wald statistics. IU: inequality vs. unrestricted test. EI: equality vs.
inequality test.

* Significant at the 10% level.
** Significant at the 5% level.

828 Fiorini/Keane



advanced degree or above.15 While the full sample results imply that time
in educational activities with parents is beneficial for cognitive develop-
ment, it is possible that this is only true for more highly educated mothers.
Intuitively, the more educated the mother, the better the “quality” of her
time. But on the other hand, more educated mothers might also ensure bet-
ter quality substitutes for maternal time.

Table 19
Ranking Test—MRT—by Child Gender

CT VA FE CU CV

IU EI IU EI IU EI IU EI IU EI

Boys:
Rnk1: ped > fpcr,
ocr,bedg .11 8.61** .47 10.88** .00 2.89 .14 1.96 1.22 3.32

Rnk2: oed > fpcr,
ocr,bedg .00 9.16** .00 12.45** .00 2.41 .00 2.34 .00 5.23*

Rnk3: ped > fpcr,
ocr,bed,schg .65 15.13** .71 16.52** .00 2.96 .14 2.26 1.22 3.43

Rnk4: oed > fpcr,
ocr,bed,schg .00 17.12** .00 18.59** .00 2.42 .00 2.72 .00 5.44

Rnk5: ped >mda
> fpcr,ocr,bedg .78 8.86** .70 13.17** .01 3.91 .55 1.81 2.03 3.33

Rnk6: ped > mda
> fpcr,ocr,bed,
schg 2.35 13.23** 1.37 17.43** .01 4.17 .55 2.02 2.03 3.39

Girls:
Rnk1: ped > fpcr,
ocr,bedg .00 8.99** .00 9.20** .54 .86 .00 15.37** .00 12.72**

Rnk2: oed > fpcr,
ocr,bedg .00 .46 .00 4.30 .01 1.87 .35 2.73 1.47 1.94

Rnk3: ped > fpcr,
ocr,bed,schg .00 16.79** .00 12.35** .65 1.01 .00 16.82** .00 14.37**

Rnk4: oed > fpcr,
ocr,bed,schg .00 9.81** .00 8.44* .01 2.36 .48 5.58 1.84 4.96

Rnk5: ped > mda
> fpcr,ocr,bedg .00 9.09** .00 11.75** .53 .91 .00 15.48** .00 12.91**

Rnk6: ped > mda
> fpcr,ocr,bed,
schg 3.40 12.67** .04 13.74** .62 1.20 1.18 16.10** 1.12 14.20**

NOTE.—Numbers in table are Wald statistics. IU: inequality vs. unrestricted test. EI: equality vs.
inequality test.
* Significant at the 10% level.
** Significant at the 5% level.

15 Table 7 in Sec. II.B describes the distribution of mother’s education. In the
Australian education system an advanced degree requires the completion of year
12, and it is classified just below a bachelor’s degree. We do not split the sample
into more than the two subgroups because the sample size of some subgroups
would be very small.

Allocation of Children’s Time 829



The statistics in table 20 show that children withmore educated mothers
spend more time in educational activities with parents and more time in
social activities. On the other hand, they spend 1.6 fewer hours per week
using media. These differences highlight the importance of controlling for
parental education in order to obtain consistent estimates of the effect of
time inputs.
Table 21 illustrates the results for the PPVT test score. For both high

and low education mothers we find evidence that time in educational ac-
tivities with parents is more productive than other time inputs. But the ev-
idence is weaker for the less educated mothers. That is, in the top panel of
table 21 there are a few cases where the EI test does not reject equality of
the time inputs coefficients.
In the case of the MRT test, table 22, we do not find much difference by

education. The overall pattern of educational activities with parents being
better than media, which in turn is better than the other activities, gen-
erally holds regardless of the mother’s education. In summary, we find ev-
idence that educational time with parents is superior to other time inputs
for both the PPVT and the MRT. But the evidence from the MRT is more
clear.

V. Conclusion
The aim of this study is to investigate the determinants of child cogni-

tive and noncognitive development using amuch richer specification of the
production function than in prior work. Rather than examining the effects
of only one or two time inputs at the time—as has been common—we at-
tempt to look at all the child’s activities within a representative week. By
doing so we characterize the trade-off between all alternative activities to
which a child is exposed. This richer specification of inputs is made possi-
ble by the LSAC diary data whose purpose is to collect a detailed record
of all of a child’s activities in a week as well as collecting a rich set of mea-
sures of other inputs to child development.

A few important conclusions can be drawn from the findings of this
study. One key result is that cognitive skills are affected by the way chil-
dren’s time is allocated. Educational activities such as reading a story, be-
ing talked to, or helping with chores are the most “productive,” particu-

Table 20
Weekly Time Allocation by Mother’s Education (Wave 2 Only)

ped pcr sch oed ocr soc mda bed unk

No HE 5.52 25.43 34.35 .14 1.28 15.06 9.40 76.46 .34
HE 6.22 24.85 34.72 .13 1.35 16.30 7.79 76.41 .24

NOTE.—Numbers in tables are means. Observations: No HE5 608; HE5 449. HE5 higher education.
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larly when they are done with the parents. A reallocation of children’s time
that favors this kind of activity by substituting away from time in general
care, bed, or before/after school care would have a positive effect on skills.
The effect is estimated to be quantitatively large, comparable to the effect
of increasing parental education. This result is robust to different identi-
fication assumptions—that is, it holds for all five major approaches to es-
timating the skills production function discussed by Todd and Wolpin
ð2003, 2007Þ.
Perhaps more surprisingly, time spent using media such as TV and com-

puters does not seem necessarily detrimental to development. For exam-
ple, for reading skills, it is at least as productive as time in before/after

Table 21
Ranking Test—PPVT—by Mother’s Education

CT VA FE CU CV

IU EI IU EI IU EI IU EI IU EI

No higher education:
Rnk1: ped >fpcr,
ocr,bedg .00 11.83** .00 7.32** .17 1.84 .00 3.91 .00 5.71*

Rnk2: oed >fpcr,
ocr,bedg .00 1.65 .00 .22 .16 1.58 .00 1.87 .00 4.75

Rnk3: ped >fpcr,
ocr,bed,schg .00 13.71** .00 13.23** .18 2.29 .00 5.34 .00 5.73

Rnk4: oed >fpcr,
ocr,bed,schg .00 3.36 .00 6.01 .18 1.88 .00 3.46 .00 4.88

Rnk5: ped > mda
>fpcr,ocr,bedg .00 11.83** .00 7.48** .36 1.44 .11 3.87 .00 5.71*

Rnk6: ped > mda
>fpcr,ocr,bed,
schg .00 13.73** .00 14.01** .37 1.83 .12 5.21 .00 5.73

Higher education:
Rnk1: ped >fpcr,
ocr,bedg .00 10.09** .00 12.89** .00 1.74 .00 6.58** .00 5.29*

Rnk2: oed >fpcr,
ocr,bedg .00 2.79 .00 2.37 .00 3.70 .00 1.29 .19 .26

Rnk3: ped >fpcr,
ocr,bed,schg .00 10.13** .00 12.94** .00 6.23* .00 6.60* .00 5.29

Rnk4: oed >fpcr,
ocr,bed,schg .00 2.80 .00 2.41 .00 5.42 .00 1.31 .20 .34

Rnk5: ped > mda
>fpcr,ocr,bedg .00 18.94** .00 17.60** 1.04 2.76 .00 9.78** .00 7.38**

Rnk6: ped > mda
>fpcr,ocr,bed,
schg .00 20.06** .00 17.64** 1.04 9.97** .00 9.86** .00 7.50*

NOTE.—Numbers in table are Wald statistics. IU: inequality vs. unrestricted test. EI: equality vs. in-
equality test.

* Significant at the 10% level.
** Significant at the 5% level.
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school care.16 We stress that our estimates of the productivity of inputs
hold “at the margin,” since we use a linear approximation to the produc-
tion technology and our data vary in a limited range. Obviously onewould
not want to extrapolate the results beyond the range of variation in the
data.

Table 22
Ranking Test—MRT—by Mother’s Education

CT VA FE CU CV

IU EI IU EI IU EI IU EI IU EI

Nohigher education:
Rnk1: ped >
fpcr,ocr,bedg .00 10.45** .00 7.78** .00 6.58** .00 9.89** .00 7.97**

Rnk2: oed >
fpcr,ocr,bedg .00 2.56 .00 3.12 .00 4.88 .64 2.44 2.78* 2.01

Rnk3: ped > fpcr,
ocr,bed,schg .00 16.12** .00 8.50** .00 6.67* .00 9.96** .00 8.06**

Rnk4: oed > fpcr,
ocr,bed,schg .00 9.18** .00 3.98 .00 4.91 .66 2.44 2.83* 2.01

Rnk5: ped >mda
> fpcr,ocr,bedg .19 10.38** .00 8.55** .00 7.03** 1.31 8.23** .60 7.80**

Rnk6: ped >mda
> fpcr,ocr,bed,
schg 3.19 12.29** .00 9.16** .00 7.37* 1.32 8.33** .60 7.88**

Higher education:
Rnk1: ped >
fpcr,ocr,bedg .00 5.24* .00 5.08* .54 3.25 .00 4.29 .00 3.02

Rnk2: oed >
fpcr,ocr,bedg .00 6.77* .00 5.15 .46 3.69 .86 .09 2.44* .23

Rnk3: ped > fpcr,
ocr,bed,schg .55 13.13** .76 14.72** .61 3.28 .01 10.78** .03 7.86**

Rnk4: oed > fpcr,
ocr,bed,schg .00 17.30** .00 17.15** .46 3.89 1.17 6.65 2.79* 5.71

Rnk5: ped >mda
> fpcr,ocr,bedg .00 7.97** .00 9.52** 1.89 3.71 .00 5.30* .00 4.98*

Rnk6: ped >mda
> fpcr,ocr,bed,
schg 1.27 13.15** 1.24 16.12** 1.89 3.78 2.86 9.22** 1.30 7.99**

NOTE.—Numbers in table are Wald statistics. IU: inequality vs. unrestricted test. EI: equality vs.
inequality test.

* Significant at the 10% level.
** Significant at the 5% level.

16 Although we find that time using the media can be productive, we do not
knowwhat kind of TV or computer program the children use. The data only tell us
how much time is spent on it but not what they do with the media. Still, these
results indicate that the effect of media is an important area of research. There are
a few recent papers that look at the effect of being exposed to media. See, e.g.,
Gentzkow and Shapiro ð2008Þ, Fiorini ð2010Þ, Vigdor and Ladd ð2010Þ, and Mala-
mud and Pop-Eleches ð2011Þ. However, these papers have little or no information
on the content of the media.
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When breaking the sample into subgroups we find that there are dif-
ferences in the way time is allocated for boys and girls. Girls spend more
time than boys in educational activities with parents and also in bed. Boys
spend more time using media. Also, our results on educational activities
with parents being superior to other inputs are more robust for girls than
for boys.
The data also show that children with more educated mothers spend

more time in educational activities with parents and in social activities. On
the other hand, they spend about 1.6 hours less per week using media. We
find some evidence that time in educational activities has a larger positive
effect on reading skills if the mother is more educated, but the evidence
is quite weak. Thus, the superiority of educational time with parents over
other inputs appears to hold even for less educated mothers.
Another key finding is that the production functions for cognitive and

noncognitive skills are very different. With respect to noncognitive skills
like behavioral problems, social skills, and emotional problems, the allo-
cation of children’s time is not important. Instead we find that these skills
are strongly influenced by parenting style, particularly mother’s warmth
and effective discipline. A parenting style that combines effective ðbut not
harshÞ discipline with parental warmth and affection leads to the best be-
havioral outcomes. Either leniency or excessive harshness in discipline lead
to worse outcomes.
In discussing the determinants of child development, it is useful to com-

pare our results with previous studies in the fields of developmental psy-
chology, education, medical science, and sociology.17 However, we could
not find a comparable time use study where activities are ranked and the
trade-offs are made explicit. Thus, our study seems rather novel in its ap-
proach, making comparisons difficult. We are certainly not the first to stress
the importance of parental time. But our study highlights that it is difficult
to find an equally beneficial substitute. Similarly, the literature is devot-
ing a growing amount of attention to the role of media, but there is little
discussion of the trade-off between media and alternative inputs.18

The noneconomics literature has also long stressed the link between par-
enting style on the one side and cognitive and noncognitive development
on the other. Our paper shows that the evidence of a link with noncog-
nitive skills is robust to a range of estimators commonly used in economet-
rics. However, we do not find evidence of any link with cognitive skills. We
suspect that part of the explanation may be the measurement of parenting
style. In our data, information on parenting is limited to traits that we label
maternal warmth and discipline. This is consistent with classic, early studies

17 Shonkoff, Phillips, and National Research Council ð2000Þ offers an extensive
review of the research approaches and findings in those fields.

18 See, e.g., Subrahmanyam et al. ð2001Þ and Schmidt and Anderson ð2007Þ.
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of child rearing that sought to identify styles of parenting that promoted
competent behavior in preschoolers ði.e., a child who is happy, self-reliant,
self-controlled, friendly, and cooperative as distinct from withdrawn or
immatureÞ.19Nevertheless, part of this literaturehasmore recently extended
the analysis to traits like contingency, reciprocity, and restrictiveness that
have been found to matter for cognitive skills, but for which we have no
direct measure.20

Our findings suggest the importance of further research in a number of
areas. First, the literature on child development can benefit from collect-
ing and analyzing time use data. Our results indicate that these time inputs
can be just as important as the parental background characteristics and
goods inputs that have received most of the attention in prior work. Sec-
ond, the trade-off between inputs, whether these are time allocations or
goods, is often overlooked. As a consequence, some studies might convey
limited and potentially misleading information. When possible, more em-
phasis should be placed on such trade-offs. Third, the effect of time using
media on child development deserves further consideration. While chil-
dren are increasingly exposed to a variety of media, little is known about
how different media and their content affect child development—at least
not relative to other inputs. Our findings, together with previous studies,
indicate that media can be an important input in the production function.
Finally, the role of parenting style has also received scant attention in eco-
nomics. However, our results combined with earlier research in develop-
mental psychology indicate that it is of substantial importance, at least
for noncognitive skills.
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