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Abstract

Young children are thought to be vulnerable to separation from their primary

caregiver. This raises concern about whether early child care enrollment may harm

child development. We use child care assignment lotteries to estimate the e�ect

of enrollment at age 1�2 on cognitive development in Norway. Estimates show

signi�cant gains in language and mathematics at age 6-7, and a substantial drop

in scores below publicly set thresholds for low performance. Across subsamples, we

�nd a pattern of stronger e�ects on under-performing groups. We �nd little support

for child care quality or family income as drivers of our results.
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1 Introduction

Child care enrollment of toddlers has increased in many countries over the last decade. In

2010, the enrollment of children below age two stood at 43 % in the United States, and at

33 % in OECD countries, up from 20 % in 2003. In several countries, enrollment is much

higher, with rates above 50 % in countries like Denmark, Korea, the Netherlands and Nor-

way.1 At the same time, there is concern among both researchers and policymakers that

early separation from the primary caregiver, typically the mother, may cause stress and

anxiety in the child, with potentially adverse e�ects on children's development (Bowlby,

1969; Mercer, 2006).2 Yet, evidence on how child care a�ects the development of toddlers

is largely missing. We are aware of only three other studies that estimate how child care

a�ects the development of toddlers while controlling for selection. Felfe and Lalive (2014)

estimate marginal treatment e�ects of child care attendance before age three using county

level variation in child care coverage rates in West Germany. They �nd positive impacts

of child care on the youngest children, boys, and children from low SES families. A recent

study from Italy �nds negative e�ects of early child care for girls (Fort et al., 2016). For

the US, Herbst (2013) �nd negative e�ects of the summer dip in child care participation

on early cognitive skills measured at 9 and 24 months.3 The relative lack of plausible

evidence is worrying for policymakers, because programs are often heavily subsidized, but

also for parents who need to decide whether and when to enroll their children in child

care.

In this paper, we provide �rst evidence on the impact of child care enrollment for

children age 1�2 years old (henceforth toddlers), on their cognitive performance in lan-

guage and mathematics at age seven. Determining the impact in this age group is of

key importance, both because enrollment rates are increasing at a strong rate in many

countries and because children are thought to be particularly vulnerable during this pe-

riod. For identi�cation, we exploit random assignment to child care used by the city

government in the Norwegian capital Oslo in order to allocate o�ers of child care places

when child care institutions are over-subscribed, similar to the strategy used by Abdulka-

diroglu et al. (2011). This should provide variation in child care enrollment that is as

good as random. Indeed, we document that the allocation mechanism generates balance

in observable characteristics, supporting our empirical approach.

Armed with unique data on all applicants, o�ers and enrollment, as well as performance

tests in language and mathematics at age seven, we consider the impact of lottery o�ers

1Source: OECD Family data base.
2Bowlby (1969) de�nes the attachment phase as the period when the child is from 6�8 months to 24

months old. The age period we study in this paper is largely around 12�24 months.
3A related strand of literature may indirectly re�ect the e�ects of child care attendance in looking

at the e�ect of parental leave policies on child outcomes (e.g. Dustmann and Schønberg (2012), Liu
and Skans (2010), Carneiro et al. (2015)). The alternative to parental care in most of these studies is,
however, likely to be informal and not formal sources of care.
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on cohorts born 2004�2006. There was substantial oversubscription of toddlers to child

care institutions in Oslo among these cohorts. Our �rst results show that children who

randomly get an o�er of public child care perform better on both the language test

(0.16 SD) and the mathematics test (0.11 SD). Because the distribution of the test score we

consider is skewed, we assess the economic signi�cance of our estimates by comparing them

to gaps in test scores between well de�ned sub-groups of the population. For instance, the

estimated impact on language performance of getting an o�er corresponds to about the

gap between children from high and low income families, or to about half the gap between

children from high and low educated parents. In mathematics, the e�ect corresponds to

about a quarter of the gap between children of low and high educated parents, or about

one third of the gap between children from high and low income families. Though these

e�ects are remarkably large, it should be noted the tests we consider are designed to

capture variation at the lower end of the distribution, and may understate skills at the

top.

Because test scores have no natural cardinal scale (Cunha and Heckman, 2008), the

previous estimates may be hard to interpret. As an alternative outcome, we therefore con-

sider scoring below thresholds for low performance set by the national government. These

thresholds are set in order to �ag children for follow-ups and to be evaluated for additional

resources. The estimates con�rm that child care o�ers in the assignment lottery improves

outcomes of children, with substantial drops in the probability of performing below the

thresholds. This could suggest that child care may particularly improve development of

low-performing children.

To investigate further the potential for child care to enhance social mobility, we esti-

mate the impact of getting a lottery o�er on the performance of children in subsamples

depending on their gender and family background. We �nd a striking pattern in the

point estimates, with stronger e�ects in the group that tends to under-perform on the

test (as observed among children without lottery o�ers). For instance, children of low

educated parents are estimated to improve their performance in language by about 24 %

of a standard deviation, while the performance of children from high educated parents

are estimated to increase by a comparably modest and statistically insigni�cant 8 % of a

standard deviation. This suggests that if both get a child care o�er, then the gap between

the two groups is halved. Similarly, children from low income families are estimated to

improve their performance in both language and mathematics by about 26 % of a standard

deviation, compared to modest or no e�ects for children from high income families.

The heterogeneity across subsamples motivates looking closer at the distributional ef-

fects of the lottery o�er. To this end, we rerun the estimation in our main sample using

as the dependent variable indicators for performing above 19 quantiles of the test score

distribution. In line with the above, we �nd that the lottery o�er generates substantial

improvement in performance at the lower end of the distribution, while e�ects from the
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middle up are modest and statistically insigni�cant. Again, one should keep in mind that

the tests we consider are not well designed to capture variation at the top of the distri-

bution. We cannot rule out, therefore, that lack of e�ects at the top is an artifact of our

outcome measure. These patterns are in line, however, with a story where educated and

high income families provide a more stimulating environment, at home or in informal care,

compared to more disadvantaged families (as suggested e.g. by the seminal study of Hart

and Risley, 1995). The child care center, if it provides a more homogeneous environment

to children, may then give bigger gains to children from disadvantaged families. This is

also in line with the evidence in Havnes and Mogstad (2015).

Having established the positive e�ects on children from receiving a lottery o�er, we

investigate the potential mechanisms that could be driving the e�ects. We consider the

prime candidate to be child care starting age. While children that get an o�er �rst attend

child care at about 15 months of age on average, children who randomly do not get an o�er

�rst attend at about 19 months of age on average. Among children delayed, about two

thirds start one year later or more. When we estimate the impact of child care starting

age using the lottery o�er as an instrumental variable, we �nd that starting child care

one month earlier causes a statistically signi�cant improvement in test scores of 0.05 SD

and 0.03 SD in language and mathematics, respectively. In support of child care starting

age as a likely mechanism, we show that di�erences in test performance between children

who get and do not get a lottery o�er are smaller when we focus on children that started

child care around the same age.

As discussed, lottery o�ers are a strong predictor of child care enrollment in the year

of application in our sample. It is still true however, that many children who do not get

an o�er also are not delayed in starting child care, and that almost all children do enroll

in child care before school start. This raises the issue of whether lottery o�ers may a�ect

children's skill development by changing the quality of the child care institution in which

the child enrolls. To investigate the role of the alternative mode of care for children who

are in child care, we therefore study indicators of the quality of care based on structural

quality indicators, sta� characteristics, and peer characteristics. Estimates show that

children who got lottery o�ers attended centers with somewhat di�erent characteristics,

as expected. At the same time, there are few indications that children with o�ers attended

higher quality institutions. On the contrary, children with lottery o�ers seem to attend

institutions with slightly lower structural quality, and somewhat worse performing peers.

This suggests that di�erences in child care quality are unlikely to be driving the observed

impacts on test performance.

Finally, we consider the role of the alternative mode of care for children who are not

in child care. We start by considering survey data on stated demand and actual use for

the population of parents with toddlers. While about 70 % of parents state demand for

child care, either full time or part time, only 33 % actually have their children enrolled
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in child care. In comparison, while 56 % of parents say that they care for their children

themselves, only 17 % actually prefer to do so. This suggests that parental care is the

dominant alternative for Norwegian toddlers in general. To consider parental care as the

counterfactual in our particular sample, we next estimate the impact of getting a lottery

o�er on parents' labor supply. The estimates show a modest increase in our measure of full-

time equivalent labor participation among mothers, but little impact on the employment

margin, nor on the labor supply of the father.4 This suggests on the one hand that an

increase in family income cannot be driving our results, and on the other that access to

informal sources of care may be more prevalent in our Oslo sample of early applicants to

child care than in the general Norwegian population.

Our results on how child care a�ects the development of toddlers complement the

growing recent literature on how child care institutions a�ect the development of preschool

age children.5 The literature is divided in two distinct branches, one focussed on targeted

programs, and another focussed on universal programs available to the general population.

While studies of targeted programs often �nd positive e�ects,6 the literature on universal

programs is smaller and �ndings are mixed.7 Perhaps as a consequence, the discussion

on child care policies has been based largely on the targeted literature and descriptive

evidence, even when the policies discussed are universal. In contrast, we study the impact

of a universally available program among applicants that are explicitly not prioritized in

child care.

The paper proceeds as follows. We �rst discuss the institutional background in Section

2. Section 3 presents and discusses our empirical approach, before Section 4 describes our

data. Section 5 presents our main results, including discussions on heterogeneous impacts

and mechanisms, while section 6 concludes.

4These results are roughly in line with previous �ndings for preschool-aged children in Norway (Havnes
and Mogstad, 2011a). Evidence from other countries is mixed. In a survey of the early literature, Blau
and Currie (2006) report elasticities of maternal employment with respect to the price of child care
ranging from 0 to -1. More recently, Baker et al. (2008) �nd a positive e�ect on maternal labor supply
following the introduction of heavily subsidized universally available child care in Quebec. Meanwhile,
Lundin et al. (2008) �nd no such e�ect when studying a childcare reform which capped childcare prices in
Sweden. See also Schlosser (2005); Cascio (2009); Havnes and Mogstad (2011b); Lefebvre and Merrigan
(2008a) and Berlinski and Galiani (2007). For a review of the literature, see Blau and Currie (2006).

5For recent reviews, see Almond and Currie (2010), Ruhm and Waldfogel (2012), or Baker (2011).
6The Perry Preschool and Abecedarian programs are examples of targeted randomized programs (see

Barnett (1995) and Karoly et al. (2005) for surveys of the literature.), while the US Head Start program
provides an example of a targeted non-randomized program (see e.g. Currie (2001) or McKey et al. (1985)
for a review of the �ndings). While the picture is somewhat mixed, the most robust evidence on Head
Start tends to show positive e�ects on long-run outcomes such as high school dropout, college attendance
and crime (Currie and Thomas, 1995; Ludwig and Miller, 2007; Deming, 2009; Garces et al., 2002).

7Several studies from Canada show a negative impact on a variety of child outcomes (Baker et al.,
2008; Lefebvre and Merrigan, 2008b; DeCicca and Smith, 2013), while Cascio (2009) and Gupta and
Simonsen (2010) �nd essentially no impact from child care programs in the US and Denmark, respectively.
In contrast, positive impacts on a number of outcomes are found from child care programs in several
countries, including the US (Fitzpatrick, 2008), Uruguay (Berlinski et al., 2008), Norway (Havnes and
Mogstad, 2011b, 2015), Germany (Dustmann et al., 2013; Felfe and Lalive, 2014), and Spain (Felfe et al.,
2015).
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2 Institutional background

In this section, we provide brief institutional background about care of young children in

Norway, with a focus on the child care sector.

Parental leave. In 2005, Norwegian parents were entitled to 43 weeks of parental leave

with full wage compensation (alternatively 53 weeks with 80 % compensation).8 This was

expanded to 44 (54) weeks in 2006. Parents are further entitled to one year each of unpaid

leave in immediate continuation of regular parental leave. In practice, most parents can

thus stay at home with their newborn for about a year.

Structure and content of child care in Norway. To help interpret our results, we must

understand the type of care we are studying. Child care in Norway is strictly regulated,

with provisions on sta� quali�cations, number of children per teacher, size of play area,

and educational orientation. Institutions are run by an educated pre-school teacher re-

sponsible for day-to-day management and educational content. The pre-school teacher

education is a four year college degree, including supervised practice in a formal child care

institution. The head teacher is responsible for planning, observation, collaboration and

evaluation of all activities. The head teacher is also responsible for communication and

collaboration with parents and local authorities, including health centers and child welfare

services when necessary. Child care regulations specify that there should be at least one

educated pre-school teacher per ten children aged below three. Each teacher typically

works with two assistants. There is no educational requirements for the assistants.

In Oslo, about 60 % of child care institutions are public, while the remaining are

privately operated. Both public and private institutions require municipal approval and

supervision to be entitled to federal subsidies that cover around 80 % of costs. Since

2003, parental copayment is capped at around 2,500 NOK per month for a full time slot.

This copayment should be the same for all centers that receive government subsidies (i.e.

virtually all centers) and hence private and public centers have similar fees. For low-

income families there are further subsidies, and these are similar regardless of whether

the center is private or public. Child care institutions are typically open from around 7.30

am to 5 pm.

In terms of educational content, a social pedagogy tradition has dominated child care

practices in Norway since its inception in the 1970s. According to this tradition children

should develop social, language and physical skills mainly through play and informal

learning.9 The informal learning is typically carried out in the context of day-to-day

8This entitlement is conditional on maternal employment during at least six of the ten months before
the birth. About 85 % of new mothers satisfy this requirement (NOU 2012:15). Remaining parents are
entitled to unpaid parental leave with employment protection, and receive a one-time payment of about
35,000 NOK=4 375 USD (1 USD ≈ 8 NOK).

9The social pedagogy tradition to early education has been especially in�uential in the Nordic coun-
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social interaction between children and sta�, in addition to speci�c activities for di�erent

age groups.

In table 1, we report some institutional characteristics of the institutions in our sample.

We see that an average institution in our sample services 14 children aged 0�2, with

about three adults per ten children, including one teacher. The minority share among

all children in the institution is about 16 %, re�ecting the high share of children with

a minority background residing in Oslo. The enrollment of children with an immigrant

background is, however, quite low for children below three years of age (Drange and Telle,

2015).

Table 1: Institutional characteristics

Mean SD N

Teacher/children .086 .046 499
No. of adults 9.82 8.65 662
Adult/children .34 .186 499
Minority share .158 .207 499
No. of children 0�2 13.64 12.71 662

Source: The child care register, Statistics Norway.

Child care centers in Norway in an international perspective. The provision of child

care in Norway bears resemblance with the other Nordic countries with relatively high

public subsidies.10 However, the enrollment of children below three in Norway was 44 %

in 2004, substantially lower than for example Denmark with an enrollment of 83 % . The

Norwegian numbers are more comparable to the US, where enrollment stood at 38 % for

this age group at the time (OECD, 2006).

3 The child care assignment lottery

Our interest is in how early child care enrollment a�ects child development. Estimating

this relationship is complicated by the fact that parents and children sort into early

enrollment. To circumvent this problem, we take advantage of an assignment lottery used

by the Oslo city administration to distribute o�ers to applicants when institutions were

oversubscribed.

Institutional framework. Each year, the vast majority of available child care slots in both

public and private institutions are allocated in a centralized allocation round. The appli-

tries and Central-Europe. In contrast, a so-called pre-primary pedagogic approach to early education
has dominated many English and French-speaking countries, favoring formal learning processes to meet
explicit standards for what children should know and be able to do before they start school.

10For children below three years old parental contribution in the Nordic countries varied from 9�15 %
compared to an OECD average of 25�30 % in the mid 2000. In 2003, the state subsidy to a child care
slot for a child below three was 9,773 EURO annually in Norway (OECD, 2006).

6



cation deadline is around March 1 of each year, for enrollment in mid-August. Parents

may apply for placement in up to seven child care centers in their application, and may

list both public and private institutions.

Allocation takes place inside the city district of residence, but available slots may be

allocated to children from other city districts after the main allocation round. Children

may be awarded priority placement if they have, for instance, a sibling in the same child

care institution or are disabled. In our sample, 24 % of children get priority placement.

Children that have their �rst birthday after September 1 are not included in the main

allocation round, but may receive o�ers after this round is over. In our analysis we exclude

both of the former groups, to focus on the main group of children that are included in

the main allocation round without being assigned priority.

Based on the applications received, the municipality generates lists of non-priority

applicants to each institution. Lists for private institutions are transmitted to the institu-

tions, which handle their own admissions based on these lists along with full details of the

individual child and application. In line with Abdulkadiroglu et al. (2011), we therefore

exclude from our analysis children that have a private institution ranked �rst on their

application.

The mechanism for assignment to public institutions resembles a serial dictatorship:

The order of children on the full list of applicants to each public institution is randomized

in the computer before they are presented to the city o�cial. Available slots are then

allocated according to the random rank on the application list, and o�ers are sent to

parents. Parents may accept or reject the o�er. If they reject, the o�er is conferred to

the highest ranked child on the application list who did not already get an o�er at this

or some other institution. Once a child receives an o�er for a child care place, the child

is taken out of the lists to other public institutions to which it applied. The child may,

however, choose to retain their position on the list of the institution that they ranked

�rst in their application. Notice that this implies that the individual ranking plays no

role in determining whether or not a child gets an o�er. Conditional on receiving an o�er,

however, the child will have a higher likelihood of o�ers in highly ranked institutions.

The main allocation round ends each year around June 1. After the main allocation

round, available slots may be o�ered to any applicant, whether or not they ranked the

institution on their application. This process is largely at the discretion of the city o�cials

or even child care managers, and is therefore susceptible to manipulation. We therefore

use only o�ers dated before June 1 each year in our analysis.

Strategic application behavior. A concern with this mechanism is that it may induce

strategic application behavior, i.e. that applicants may not rank institutions according to

their actual preferences. The allocation mechanism may spur strategic behavior along two

alternative lines. First, applying to institutions with higher probability of o�er: Listing
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institutions that are expected to have low oversubscription could increase the chances of

receiving an o�er. In our estimation, controlling for the identity of each institution on

the application list should account for this kind of strategic behavior.

Second, ranking �rst institutions with higher probability of o�er: Notice that you may

get additional draws only on the �rst rank after receiving a lower-ranked o�er. Therefore,

listing institutions that are expected to have low oversubscription �rst will increase the

likelihood of getting an o�er in this particular institution. This may be attractive if

there are large perceived gains to getting into some particular institutions on the list of

acceptable institutions. For instance, say there are three institutions that you are willing

to apply to. Say further that you prefer institution A over B over C, and that the expected

probability of getting an o�er is higher in B than in A. Now, assume that you much prefer

B to C, but are almost indi�erent between A and B. In this case, you may prefer to rank

B over A in order to increase your chance of avoiding C, if the probability of getting an

o�er in B is su�ciently high compared to the probability of getting an o�er in A.

Importantly, this kind of strategic behavior should not a�ect the internal validity of

our estimates, since it does not a�ect the probability of getting an o�er, our instrumen-

tal variable. It may, however, a�ect the external validity of our estimates if the e�ect

of avoiding the least preferred institutions is correlated with the likelihood of strategic

behavior. Say, for instance, that only high-SES families act strategically while only low-

SES children bene�t from better institutions. If the strategic behavior helps high-SES

children into better institutions, low-SES children will be more likely to get o�ers in other

institutions. In this case, the estimated e�ect of the o�er is lower than it would have been

without strategic behavior. While we want to remain aware of this possibility, we do not

believe that this is an important issue, both because the oversubscription rates are high

for most institutions and because these oversubscription rates are not directly observable

to parents.

Empirical strategy. In our estimation, we follow Abdulkadiroglu et al. (2011) in including

indicators for lottery-speci�c risk sets, denoted D below, to account for the fact that

children apply to di�erent institutions with di�erent numbers of applicants and available

slots. The extent of oversubscription determines the probability of receiving a lottery

o�er from a particular institution. If the extent of oversubscription is correlated with, for

instance, the quality of the child care institution, while applying to good institutions in

turn is correlated with unobservable traits that determine cognitive performance, then a

comparison based on lottery o�ers may give biased estimates of the impact on cognitive

performance of early child care enrollment. Such endogeneity could, for instance, result

from di�erences in strategic application behavior between families.

Also, by ranking a higher number of institutions one may increase the likelihood of

getting an o�er. If the number of institutions on the application list is correlated with
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the outcome, this could also be a source of bias in our estimates. In particular, ranking

several institutions would probably be a signal of how strong is the preference for child

care, which should be closely related to the labor market attachment of the mother. In

Appendix Table A1 we report background characteristics for children with parents who

ranked 1, 2�4 and 5�7 centers respectively. As expected, families who applied to more

institutions are indeed di�erent from families who applied to less. Overall, the observed

pattern is consistent with families who have a stronger attachment to the labor market

maximizing their chances to obtain a slot by applying to more institutions. Parents are

better educated, mothers have higher earnings and the child is much less likely to be of

immigrant background. To guard against such bias, we control �exibly for the number

and identity of institutions to which an applicant applied, in line with Abdulkadiroglu

et al. (2011).11

In order for lottery o�ers to be relevant, we need to have oversubscription of toddlers

to child care institutions. This is determined by the number of non-priority applicants

per remaining available slot after priority placements. Table 2 shows descriptive statistics

for the number of available slots, the number of applicants and oversubscription to public

child care institutions in Oslo in the period we consider. In the upper panel, we show

oversubscription measured as the number of applicants to each child care slot. Note

that this implies that each child may be counted up to seven times, depending on how

many centers have been ranked in the application. Oversubscription is both strong and

widespread: The mean number of applicants to each child care slot is about 25. In the

lower panel of the table, we restrict attention to the �rst choice. This means each child is

now counted only once. For the �rst choice, on average 15 children apply for 4.4 places,

with an average of 4.6 applicants to each place. The large oversubscription is mirrored in

the fact that only 29 % of the children in our sample get an o�er in the assignment lottery,

and in the strong e�ect of a lottery o�er on the child care starting age documented in our

�rst stage estimates below.

The validity of the lottery o�er as an instrument for child care starting age, relies on

the quality of the assignment lottery. While the city administration ensures us that the

lottery was randomized by a computer algorithm, as described earlier, there is always

the possibility that the randomization failed, or that there was manipulation between the

actual randomization and the sending out of o�ers. Above, we also noted the possibility

of strategic application behavior, that could be a further threat to the randomization.

To verify that the randomization was successful, the �rst four columns of Table 3

report means and standard deviations of background characteristics for children in our

estimation sample, separately by whether the child received an o�er or not. Table 3 shows

11Speci�cally, the risk set D includes a full set of dummy variables for each institution by year, so
that for each institution and year there is a dummy equal to one if child i applied to that institution
in that year and zero otherwise. In addition, the risk set includes dummy variables for the number of
applications by year.
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Table 2: Applications, places and oversubscription in public child care institutions in the
centralized admission process in Oslo, 2005�2007.

Mean SD Min Max

Oversubscription
No. of places 3.99 3.73 0 38
No. of applicants 70.89 46.28 1 265
Applicants / Places 25.13 24.38 0.5 156
Oversubscription by �rst choice institution
No. of places 4.37 3.47 0 21
No. of applicants 14.81 9.95 1 82
Applicants / Places 4.60 4.47 0.2 30

that the two groups look well balanced. We also test this formally in the context of our

econometric model, by regressing the o�er dummy on all characteristics, controlling for

the risk setD. The �nal column of Table 3 reports t-statistics of the individual coe�cients

from this regression, which are usually very low. In a joint test of whether coe�cients on

all covariates are equal to zero, we get an F -value of 1.22, con�rming that the two groups

are indeed well balanced. This suggests that the randomization is successful.

Table 3: Balance in background characteristics between children with and without a
lottery o�er.

O�er No o�er t-value

Girl 0.507 (0.50) 0.498 (0.50) 0.05
Age 14.74 (2.18) 14.75 (2.19) -1.34

Immigrant 0.113 (0.32) 0.103 (0.30) -0.79

Mother

� years of educ. 14.59 (3.06) 14.71 (3.10) 0.17
� earnings 293,247 (162,959) 302,394 (162,135) -0.61
� age 33.03 (4.38) 33.42 (4.372) -1.26
� age �rst birth 29.64 (4.47) 29.87 (4.47) 0.26

Father

� years of educ. 14.26 (3.50) 14.55 (3.41) -1.08
� earnings 420,629 (416,577) 416,434 (347,658) 1.28
� age 35.02 (6.55) 35.51 (6.15) -0.30
� age �rst birth 31.00 (5.90) 31.45 (5.61) 0.17

N = 852 N = 2, 036 F = 0.95

Note: The table reports means and standard deviations of covariates by whether the child received an
o�er in the assignment lottery. The �nal column reports t-statistics of the individual coe�cients from
a regression of the o�er dummy on all characteristics, controlling for the risk sets, and the F -statistic
from a joint test of whether coe�cients on all covariates are equal to zero. Age refers to the age in
months of the child in August of the year of application. Earnings are pensionable income from work
and self-employment. Detailed descriptions of the background characteristics are provided in Section 4.

In line with Abdulkadiroglu et al. (2011), we exclude from our analysis children that
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have a private institution ranked �rst on their application. Including children with private

institutions on the �rst rank would risk introducing bias into the estimates. To see this,

recall that private institutions handle their own admissions based on the application lists,

including potentially full details of the individual child and application. O�ers made

by private institutions are therefore likely to be correlated with other determinants of

the outcome, and hence endogenous. If children who get o�ers from private institutions

withdraw from the public application process, then they may be less likely to receive

lottery o�ers in the main allocation round. Including them in the estimation sample may

then cause selection into the control group. This problem is clearly most relevant for

children with a private institution on the �rst rank. In contrast, children with a private

institution on lower ranks are likely to remain in the lottery to retain the possibility of

getting an o�er from a higher ranked institution. This is supported in the data, where

the probability of getting a lottery o�er is much lower among children with a private

institution on the �rst rank at about 18 percent. Meanwhile, children with a private

institution on lower ranks are quite similar to children without private institutions on

their application lists in their probability of getting a lottery o�er (28 vs. 31 percent).

4 Data

Data. Our data are based on several di�erent administrative registers from the Oslo city

government and Statistics Norway. Firstly, we have access to the municipal database used

in the centralized application system for child care in Oslo. This provides information

on applications for and enrollments in virtually all child care institutions in Oslo for the

years 2005�2010, including both public and private child care institutions. Applicants

that list several institutions in their applications are registered as separate coincident

applications. The database also provides information about o�ers of slots in public child

care centers. Applications, enrollment and o�ers are recorded with date of receipt, date

of �rst attendance and date the o�er was made, respectively.

Second, we have access to a database with information about performance on tests

made available by the school authority in Oslo municipality. This provides information

about enrollment in primary school and score on performance tests in Norwegian language

and mathematics, conducted in April of �rst grade. The tests are designed nationally,

and are intended to help identify under-performing children, enabling schools to allocate

resources to these children. The language test maps the ability to write letters, recognize

written letters, identify spoken letters, combine sounds, write words, read words and read

sentences. The mathematics test maps the ability to count, to compare numbers, to rank

numbers, to recognize sequences of numbers, to count forward and backward from a given

number, to split a number into two other numbers (i.e. 4 = 1 + . . .), to solve textual

assignments and to add two numbers. We provide further detail on these tests in the
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appendix.

Each test is scored on a relatively �ne scale, where students may score from zero to

105 in language, and zero to 50 in mathematics. Because tests are designed to identify

children with problems, test score distributions are skewed,12 with about ten and 15 % of

children in our sample getting the top score in language and mathematics, respectively.

This is important to keep in mind when interpreting our results. To verify that this trun-

cation does not a�ect our estimates, we have estimated Tobit-models with the maximum

attainable score as the upper truncation point. It is reassuring that estimates are virtually

unchanged.

In our analysis, we consider two outcomes from each test. First, we normalize the

scores to have mean zero and standard deviation equal to one. In addition to separate

estimations for the standardized test scores in language and mathematics, we also con-

sider the unweighted average of the two tests as a summary measure of cognitive skills.

Second, we use dummy variables for performance below a nationally determined thresh-

old. Thresholds are set for individual parts of each test from a trial of the test on a panel

of children, conducted prior to actual testing. The thresholds are intended to identify

the bottom 15�20 % of children nationally. From these we de�ne the dummy variables

Below threshold equal to one if the child has one or more test parts with scores below the

threshold, and zero otherwise, separately for language and mathematics. There are two

advantages with this outcome over the test scores. First, while the economic signi�cance

of test scores may be hard to assess, the thresholds are constructed in order to identify

children with potential development problems. Second, these dummy variables are robust

to problems associated with outliers.

Third, we can link both databases to rich Norwegian administrative registers avail-

able from Statistics Norway, with individual information on demographics (e.g. sex, age,

immigrant status, marital status, number of children), socioeconomic status (e.g. years

of education, income, employment status), and residence. Income and employment data

are collected from tax records and other administrative registers. The household infor-

mation is from the Central Population Register, which is updated annually by the local

population registries and veri�ed by the Norwegian Tax Authority. We also have access

to national registry data on municipal child care coverage reported by the child care in-

stitutions themselves. The reliability of Norwegian register data is considered to be very

good, as is documented by the fact that they received the highest rating in a data qual-

ity assessment prepared for the OECD by Atkinson et al. (1995). Importantly, all data

sources contain personal identi�ers that allow us to link individuals across all registers.

Estimation sample. We start with the universe of children born 2004�2006,13 for whom

12Appendix �gure (A1) draws the distribution of test scores in our sample.
13Due to a restrictive storage policy in the municipality, data on children born in January and February

2004 were deleted from the application data base before we got access to it. We are therefore not able to
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parents apply for a child care slot in Oslo in the calendar year they turn one year old.

Because our identi�cation comes from o�ers of public child care slots, we focus attention

on children with a public institution on the �rst rank, while we allow both private and

public institutions on slots 2�7. As discussed above, we also exclude children who had

priority in child care or who turn one after September 1 in the application year, since our

identi�cation does not in�uence these children. We �nally exclude a handful of children

with missing values on our dependent variables, and a handful of children registered as

starting in child care before ten months old. Rather than excluding children with missing

values on control variables, we construct dummy variables for missing and include these

in our regressions. Our �nal estimation sample consists of 2,888 children. In order to

explore how representative this sample is, Appendix Table A3 reports means of observable

covariates for 1) all children in the relevant cohorts residing in Oslo, 2) all families applying

for a child care slot the year their child turn 1, and 3) the �nal estimation sample. We

see that, in line with what we would expect, parents who apply for a child care slot the

year their child turns 1 do on average have somewhat higher education and earnings than

the average parents with a 1 year-old. The share with immigrant background is also

substantially lower in the sample of parents who apply.14 However, comparing families

who apply with families in the �nal estimation sample, we see only small di�erences in

average background characteristics.

5 Empirical results

5.1 Reduced form: E�ects of o�ers from the assignment lottery

We now turn to our main analysis of how early enrollment in child care a�ected the

cognitive performance of children at age seven. We start by a reduced form analysis,

where we compare outcomes of children who got a lottery o�er to children who did not

get a lottery o�er. Table 4 shows means and standard deviations of our main outcome

variables separately for children who got an o�er in the assignment lottery and children

who did not get an o�er. The mean test scores show that children who receive a lottery

o�er perform about 10 % of a standard deviation better than children who do not receive

a lottery o�er. Meanwhile, just over 12 % of children are below the threshold for low

performance in language, while about 6 % are below the threshold in mathematics. In

both subjects, children with a lottery o�er are about 2 percentage points less likely to

score below the threshold for low performance. This is �rst evidence that early child care

enrollment has a positive impact on children's cognitive development.

include these children in our sample.
14It is known from other studies that immigrant parents in Oslo are less likely than native parents to

enroll their toddler in child care (Drange and Telle, 2015).
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Table 4: Performance in language and mathematics tests at age seven for children with
and without a lottery o�er.

O�er No o�er

Average score 72.97 (5.72) 72.00 (8.34)
Language 100.31 (7.14) 99.02 (11.74)
� below limit 0.10 (0.30) 0.12 (0.33)
Mathematics 45.63 (5.66) 44.97 (6.59)
� below limit 0.04 (0.20) 0.06 (0.24)
N 852 2,036

Note: O�er are children that received an o�er in the assignment lottery, while No o�er are children that
did not receive an o�er in the assignment lottery, see Section 3.

Next, we consider this reduced form model formally, by estimating the impact of get-

ting an o�er on test performance, controlling for risk sets as in equation (3). Speci�cally,

we run the regression

yit = γ̃OFFERit +D′
itα̃ +X ′

itβ̃ + ε̃it (1)

where i denotes the individual, t the cohort, and Dit is the risk set of individual i (cf.

footnote 11 on page 9). OFFERit is a dummy equal to one if the child received an o�er

of a public child care place generated in the assignment lottery, and Xit are a set of socio-

demographic characteristics of the child and parents, measured the year before the child

was born.15 We report estimates both including and excluding these covariates. While

including covariates should not change our estimates when the explanatory variable of

interest is as good as random, it may be helpful to improve precision in our estimates.

The residual ε̃ is clustered at the level of the �rst choice institution.16

Results reported in Table 5 clarify our observations from above, and indicate that

getting a lottery o�er improved the average performance of children by about 13 % of a

standard deviation overall. This e�ect was driven both by an improvement in language of

about 16 % of a standard deviation, and by an improvement in mathematics of about 11 %

of a standard deviation. When we consider the impact on the probability of scoring below

the limit for low performance, we �nd a decrease of 3 percentage points on the language

test, and 2 percentage points on the mathematics test. Both of these e�ects are large

compared to the mean in the control group, corresponding to a drop in the probability of

about 30 %. As expected from the above balancing analysis, estimates barely move when

we include covariates.

To understand the economic signi�cance of our estimates, note �rst that there is a

15Child characteristics include gender, month of birth and birth order. Parental characteristics include
dummy variables for full time work, receipt of social assistance, high school completion, college degree,
missing parental education, and missing parent identi�er.

16Note that we do not want to cluster on the child care center attended, since this is likely to be
endogenous to the outcome of the assignment lottery.
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Table 5: Reduced form estimates of the impact of a lottery o�er on performance in
language and mathematics.

No controls With controls Mean

b SE b SE

Average score 0.130 (0.044) 0.138 (0.042) 0.00
Language 0.158 (0.048) 0.165 (0.047) 0.00
� below limit -0.032 (0.016) -0.033 (0.016) 0.12
Mathematics 0.103 (0.051) 0.111 (0.048) 0.00
� below limit -0.020 (0.011) -0.021 (0.011) 0.06
N 2,888 2,888

Note: E�ects are reported as percent of the standard deviation. Standard errors are heteroskedasticity
robust and clustered at the �rst choice institution level. All regressions include a risk set with a full set
of dummy variables for each institution by year and the number of child care institutions listed. We also
include cohort �xed e�ects. Column 2 reports estimates without covariates whereas column 4 reports
estimates including the controls listed in Table 3.

substantial negative impact on the probability of scoring below the limit for low perfor-

mance, where the school should consider speci�c measures to support the development

of the child. This suggests that the o�er of early child care promotes skill development

among the most needy kids in particular. These estimates are also reassuring, since

they are not a�ected by the particular shape of the test score distribution or problems

associated with outliers.

Understanding the economic signi�cance of changes in test scores is in general some-

what di�cult, because they do not have a meaningful cardinal scale (Cunha and Heckman,

2008). This may be particularly true in our case, where the distribution of the test score

is skewed, and quite di�erent from the often bell-shaped test scores considered in the

literature. Though comparisons of estimates across di�erent test score outcomes is al-

ways risky, this means that it could be particularly misleading to compare our estimates

directly to those found in other studies.

To interpret our estimates, we therefore need to map them into a metric that is more

easily interpretable in other contexts. Ideally, we would use an estimate of the e�ect or

association of the test score and a long-term outcome like income or education. Unfor-

tunately, our outcome measure is not available for older cohorts. Instead, we compare

our estimates to the gaps in test scores that we observe between well-de�ned sub-groups

of the population. Speci�cally, the e�ect on the language test corresponds to the gap in

language performance between children from high and low income families, or to about

half the gap between children from high and low educated parents (cf. table 6 below).

In mathematics, our reduced form estimate corresponds to about one quarter of the gap

between children of low and high educated parents, or about one third of the gap between

children from high and low income families. This con�rms that the estimated e�ects of a
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public child care o�er are substantial on children's language and numeracy development.17

5.2 Heterogeneous e�ects

One important argument for why governments want to subsidize child care, is that they

may help counter di�erences in school readiness between children from di�erent socioeco-

nomic backgrounds. It is therefore natural to next consider whether the starting age in

child care has a di�erent impact on toddlers from di�erent socioeconomic groups.

Table 6 reports estimates from our reduced form including covariates, estimated sepa-

rately for children by gender and by di�erent socioeconomic groups.18 Though estimates

are not su�ciently precise to statistically rule out equality, the pattern in the point es-

timates is striking. Throughout, e�ects are 2�3 times stronger in the under-performing

group. For instance, children of low educated parents are estimated to improve their

performance in language by about 25 % of a standard deviation, almost the same as the

overall gap in performance compared to children from high educated parents. The per-

formance of these latter children is estimated to increase by a comparably modest and

statistically insigni�cant 8 % of a standard deviation. This suggests that if both get a

child care o�er, then the gap between the two groups is halved. Similarly, children from

low income families are estimated to improve their performance in both language and

mathematics by about 25 % of a standard deviation, compared to modest or no e�ects

for children from high income families.

One hypothesis for why some groups respond more than others, might be that the

impact of the treatment is stronger, i.e. the delay in child care start is longer. However,

heterogeneity on the �rst stage turns out to be relatively modest, and the IV-estimates

across groups mirror closely the pattern we see in the reduced form-estimates (cf. Ap-

pendix Table A4).

The heterogeneity observed in the impacts on the mean test score motivates looking

more closely at how impacts vary over the distribution of the test score. To this end, we

have estimated our reduced form where the dependent variables are dummy variables for

scoring above cuto�s de�ned from quantiles of the test score distribution among control

children. In Figure 1, we draw estimates for 19 quantiles with associated 90 % con�dence

interval (cf. Appendix Table A5 for the estimates and standard errors). Speci�cally, the

17It should be noted, however, that the test scores we consider are skewed and may re�ect poorly
the ability distribution at the top. The observed gaps are therefore likely smaller than what we would
observe with more symmetrically distributed test scores. Note also that we have veri�ed that this apparent
truncation of the ability distribution does not a�ect our estimates by estimating tobit models with upper
truncation points at the maximum attainable score. The estimated impacts on the test scores are virtually
identical in this and in our baseline model.

18The socioeconomic groups are constructed by splitting the sample at the median for family income
(the sum of pensionable income of the mother and the father in the year before birth). Parents where
both the mother and the father have completed a degree beyond high school, is included in the high
education group. Mothers age is de�ned as high if the mother was above 30 when she gave birth to her
�rst child.
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Table 6: Reduced form estimates of the impact of a lottery o�er on performance in
language and mathematics in di�erent subgroups.

Language Mathematics N

b SE Mean b SE Mean

Boys 0.209 (0.098) -0.119 0.085 (0.088) 0.017 1442
Girls 0.128 (0.076) 0.056 0.158 (0.088) -0.061 1446
Parents educ. low 0.244 (0.116) -0.182 0.113 (0.107) -0.201 1551
Parents educ. high 0.081 (0.067) 0.137 0.044 (0.083) 0.179 1337
Mom age low 0.274 (0.098) -0.135 0.162 (0.091) -0.081 1596
Mom age high 0.042 (0.065) 0.093 0.043 (0.089) 0.050 1292
Family income low 0.264 (0.123) -0.127 0.256 (0.106) -0.166 1444
Family income high 0.085 (0.068) 0.062 0.010 (0.078) 0.120 1444

Note: E�ects are reported as percent of the standard deviation. Estimates are from Equation (1),
controlling for the risk set by including a full set of dummy variables for each institution by year and the
number of child care institutions listed in the application, see Section 3. Standard errors are clustered
at the �rst choice institution level and robust to heteroskedasticity. Parents education is the maximum
education of the mother and the father. Family income is the sum of pensionable income of the mother
and the father in the year before birth. The socioeconomic groups in rows 3�8 are constructed by splitting
the sample at the median.

�rst point in the graph suggests that getting an o�er increases the probability of scoring

above the 5th percentile by 3 percentage points in language and 2 percentage points

in mathematics, both statistically signi�cant. Overall, Figure 1 supports the pattern

suggested by the subsample estimates of positive impacts for children that perform at

the lower end of the distribution, while e�ects at the top are less precise and closer to

zero. Remember, however, that the tests we consider are not designed to capture well the

variation at the top of the distribution. We should therefore be cautious in reading too

much into the estimates at the top of the distribution.

5.3 Mechanisms

Having established that getting a random o�er causes a substantial improvement in per-

formance on the tests, the question is what is driving this e�ect. As usual in natural

experiments, the estimated reduced form e�ect may immediately be attributed to more

than one causal channel. We therefore think it is useful to separate clearly between on

the one hand the reduced form estimates, that are unbiased as long as the instrument

is as good as randomly assigned, and the analysis of mechanisms on the other, which

will always rely more on theory, interpretation and suggestive evidence. In our case, we

believe that getting an o�er in the assignment lottery can impact the child's development

broadly through three alternative channels:

1. It can allow the child to start child care at an earlier age.

2. It can allow the child to attend a higher quality institution (in general or for the
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Figure 1: Reduced form estimates of the impact of a lottery o�er on performance in
language and mathematics at 19 quantiles and associated 90 % con�dence interval.
Note: The dependent variable in each point is a dummy for performing above the level of the test score
indicated by the x -axis. Estimates are from Equation (1), estimated at each of 19 quantiles, controlling
for the risk set by including a full set of dummy variables for each institution by year and the number of
child care institutions listed in the application, see Section 3. Standard errors are clustered at the �rst
choice institution level and robust to heteroskedasticity.

individual child).

3. It can lead to changes in the family environment, in particular family income and

parental labor supply.

Below, we consider each of these channels in turn.

5.3.1 Child care starting age

To investigate starting age as a potential mechanism explaining our estimates, we need

to understand more in detail how getting a lottery o�er a�ects child care starting age. To

this end Figure 2a shows the cumulative distribution of children having started child care

at di�erent ages separately for children who get and do not get an o�er. While 91 % of

children who received an o�er had started child care by the time they turned 18 months

old, this was the case for only 65 % of the comparison group. On average, children with

public o�ers started child care at around 15 months of age, while children without public

o�ers started closer to 19 months of age.

The Figure 2b shows the corresponding cdf among children with and without an o�er

of months of delay before child care start, compared to their age in August in the year

of application. Children who start normally, should be delayed less than one or two
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Figure 2: Cumulative distribution of age at child care start and delay in child care start
for children with and without a lottery o�er.

Note: Child care starting age is the age in months on the day when the child �rst attends child care.
Delay in child care start is calculated as the child care starting age less the age of the child in August of
the year of application.

months. Among children who get o�ers in the assignment lottery, less than 5 % are

delayed, compared to almost 40 % of children without o�ers. Among those children who

were delayed due to a lack of a lottery o�er, about two out of three were delayed by more

than 12 months.

The strong impact of getting an o�er on the starting age in child care, motivates using

the o�er as an instrumental variable for starting age in child care.19 To this end, we follow

closely the approach in Abdulkadiroglu et al. (2011). Speci�cally, we wish to estimate the

following IV-model, where equation (2) is the second stage and equation (3) is the �rst

stage.

yit = γAGEit +D′
itα +X ′

itβ + εit (2)

AGEit = πOFFERit +D′
itη +X ′

itψ + ωit. (3)

where AGEit is the age of child i in months when he or she �rst attends any child care

institution, public or private, and all other variables are de�ned as before. Again, we

always condition on the risk set D (cf. footnote 11 on page 9), and estimate the model

with and without the set of control variables Xit (cf. footnote 15 on page 14). In both the

�rst and second stage, residuals are clustered at the level of the �rst choice institution as

before.

Note that estimating Equation (2) directly will likely yield biased estimates. This is

because enrollment in child care is likely to be determined in part by parental preferences

19Notice that we condition on the age of the child in August, so that our speci�cation is econometrically
equivalent to a speci�cation in terms of delay rather than starting age.
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and by child innate characteristics, starting age is likely to be correlated with unobserved

determinants of cognitive performance. For instance, we might expect more able parents

to be more closely tied to the labor market, and therefore enroll their children in child

care earlier. If so, then we may expect that children who are enrolled early would perform

better in any case. On the other hand, we might expect more child-centered parents to

enroll their children in child care later. If so, being enrolled early could be a marker for a

poor home environment, which would suggest that these children should perform worse.

This implies that direct estimation of equation (2) will give biased estimates of the impact

of child care starting age on cognitive performance.

Panel A of Table 7 reports estimates from our full IV-model, where the receipt of a

lottery o�er is used to instrument for the age at �rst attendance in a child care institution.

The two last rows of the table report estimates from our �rst stage equation, and show

that the lottery o�er decreased starting age by about 3.2 months on average. The F -

statistic on the instrument is above 100, which implies that we need not worry about

problems associated with weak instruments.

Turning now to the IV-estimates in Table 7, the estimates without controls suggest

that starting child care one month later causes a drop in school performance of about four

percent of a standard deviation. As before, this is driven by a drop in both the language

score and the mathematics score, and e�ects are somewhat stronger on the language score.

Quantitatively, the estimates suggest an increase in performance of about 5 % and 3.5 %

of a standard deviation in language and mathematics, respectively. All of these estimates

are signi�cant at the �ve percent level. When we consider the impact on the probability

of scoring below the limit for low performance, we �nd an increase of around 10 % on

both tests compared to the mean in the control group. As before, estimates barely move

when we include covariates.

Finally, to evaluate the plausibility of starting age as a mechanism, we consider chil-

dren's performance as a function of the delay in child care start separately among children

who received a lottery o�er and among children who did not receive an o�er. In Figure

2b above, we saw the cumulative distribution of children having started child care with

di�erent delays compared to the start of term in August. Figure 3 reports the mean test

score among children who were delayed less than 0�18 months, approximated by a local

linear regression. Speci�cally, the right-most point on the solid curve gives the expected

performance of a child in the treatment group who is delayed by less than 18 months. The

corresponding point on the dotted line gives the expected performance of a child in the

control group who is delayed by less than 18 months. Since almost no children is delayed

by more than this, the gap between the two groups corresponds roughly to the overall

di�erence in performance among treated and control children.

As we move left, the treatment and comparison groups are becoming more homoge-

neous in terms of the age at which they start child care. If starting age is an important
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Table 7: IV-estimates of the impact of child care starting age on performance in language
and mathematics.

No controls With controls Mean

b SE b SE

A. First stage
O�er -3.235 (0.315) -3.137 (0.310) 18.62
F-value (instrument) 105.5 102.4

B. Second stage
Average score -0.040 (0.012) -0.044 (0.012) 0.000
Language -0.049 (0.013) -0.053 (0.013) 0.000
� below limit 0.010 (0.004) 0.010 (0.004) 0.121
Mathematics -0.032 (0.013) -0.035 (0.013) 0.000
� below limit 0.006 (0.003) 0.007 (0.003) 0.062
N 2,888 2,888

Note: E�ects are reported as percent of the standard deviation. Estimates are from Equations (2)�(3).
Standard errors are clustered at the �rst choice institution level and robust to heteroskedasticity. All
regressions control for the risk set by including a full set of dummy variables for each institution by year
and the number of child care institutions listed in the application, see Section 3. Control variables are
listed in Section 3. Mean refers to the mean of the dependent variable among children in the control
group.

mechanism, we expect the performance of children to become more similar as starting

ages move closer together. This is largely con�rmed in both panels: Children who start

child care early, whether they get a lottery o�er or not, perform similarly on the tests,

while children who start later and that did not get an o�er, tend to perform worse. This

is striking in the case of the mathematics test, where the di�erence between the groups is

entirely driven by children in the control group that start late. For the language test, the

gap also widens with starting age, but here the gap between early starters suggests that

the treatment also generates other relevant di�erences.

5.3.2 Child care quality

Above, we considered child care starting age to be the primary candidate for how an

o�er of a place in public child care a�ects children's language and numeracy skills. An

alternative candidate is the characteristics or quality of the child care institution attended.

If children with o�ers not only started earlier but also attended better quality child care

institutions, then this could be driving the improvement in performance we observed in

our main estimates.

To understand the potential for child care quality as a mediator for the estimated

e�ects, we investigate whether the characteristics of the child care institution that the

child �rst attends depend on whether the child received a lottery o�er or not. Table 8

lists a wide set of characteristics of the child care institutions that children �rst attend.
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Figure 3: Performance in language and mathematics by child care starting age, for children
with and without a lottery o�er.
Note: Figures show local linear regression estimates of mean language and mathematics performance
against starting age in child care, using an epanichnikov kernel with bandwidth set to one month.

Structural characteristics are mean test scores of all children in our data who �rst attended

the institution, the child�teacher ratio and travel distance from home. Sta� characteristics

are mean characteristics of sta� employed at the institution, while peer characteristics are

mean background characteristics of children in the institution in the year of application.20

In Table 8, we report reduced form estimates of the impact of a lottery o�er on each

characteristic. As one should expect, children who got o�ers attended centers with some-

what di�erent characteristics. At the same time, there are few indications that children

with o�ers attended higher quality institutions. On the contrary, children with lottery

o�ers seem to attend institutions with slightly lower structural quality, and somewhat

worse performing peers.

Speci�cally, in panel A, the �rst two rows give estimates of the e�ect of a lottery o�er

on the average performance of children who attended the center before starting school.

The estimates suggest that children with lottery o�ers attended institutions where children

performed about 5 and 3 percentage points worse on the language and mathematics test in

�rst grade, respectively. The third row shows that the teacher to child ratio was also lower.

At the same time, institutions were about 500 meters closer to the child's home, or about a

1.25 minutes drive. Panel B of Table 8 shows that the sta� characteristics were largely the

same in the �rst institutions of both treated and control children, though treated children

were somewhat less likely to have sta� with immigrant background. Finally, Panel C

shows that the peer characteristics were also largely similar both in terms of gender and

family background, though children with lottery o�ers attended institutions with less

young (below three years old) and more children with immigrant background. Overall,

20To match sta� with child care centers, we rely on matched employer�employee registers that cover
about 80 % of Norwegian employees.
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Table 8: Impact of a lottery o�er on characteristics of the �rst child care institution
attended.

b SE Mean N

A. Structural characteristics

Language -0.053 (0.011) 0.100 2,888
Mathematics -0.034 (0.013) 0.087 2,888
Teacher/child -0.007 (0.002) 0.082 2,888
Distance (km) -0.515 (0.257) 3.268 2,581
Distance (min) -1.221 (0.440) 6.300 2,581
Private center -0.408 (0.025) 0.442 2,888

B. Sta� characteristics

Income 12,638 (2,546) 248,791 1,998
College graduates 0.004 (0.008) 0.356 1,998
Immigrants -0.029 (0.012) 0.248 1,998
Males -0.004 (0.007) 0.108 1,998
Age 1.754 (0.405) 36.808 1,998

C. Peer characteristics

Family income -13,715 (11,787) 755,752 2,742
College graduates -0.004 (0.011) 0.494 2,742
Immigrants 0.011 (0.006) 0.079 2,742
Males 0.004 (0.011) 0.497 2,742
Young -0.054 (0.012) 0.496 2,742

Note: The table reports the impacts of a lottery o�er on characteristics of the �rst institution a child
attends. The �rst two columns report coe�cients and standard errors from a regression of the o�er
dummy on various institutional characteristics, see Section 3. Mean re�ects average characteristics of
the child care center that the child �rst attends. Variations in sample size are due to missing dependent
variables.

Table 8 suggests few substantial di�erences in child care quality between children with

and without lottery o�ers. The main exception is a much higher probability of attending a

private institution. This e�ect is automatic in our setting, where the treatment is de�ned

as getting an o�er in a public child care institution. Notice that public and private

institutions both require municipal approval and supervision to be entitled to federal

subsidies that cover around 80 % of costs. Both are also subject to the same regulations

in terms of quality and price. Ownership of private institutions can be non-pro�t or for-

pro�t. Below we discuss further if quality di�erences between public and private centers

is a likely channel for the increase in test scores among children with lottery o�ers.

As we have seen, the perhaps most distinct di�erence from Table 8, was the substantial

increase in the likelihood of attending a private institution. A closer look at our data re-

veals that while public and private institutions di�er in some dimensions, these di�erences

go in di�erent directions with regards to the expected quality of the institution (cf. Table

A2 in the Appendix). On the one hand, private institutions have slightly higher teacher-

to-child ratios, cater to children from higher SES backgrounds and achieve better scores
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at early language and mathematics tests, suggesting higher quality. At the same time,

private institutions have younger and less well paid sta� and are situated further from the

childrens' home, on average, suggesting lower quality. Overall, while public and private

institutions do di�er along some dimensions, we do not believe that the evidence supports

that the higher likelihood of ending up in a private institution could be an important

contributor to the treatment e�ect.

A concern with these estimates is that they may not capture the unobservable qual-

ity di�erences between child care institutions. While estimates on the performances of

children that have attended the institution should capture the overall quality, observable

and unobservable, it cannot capture the individual quality that an institution may o�er

a particular child. In particular, we might be concerned that children who get an o�er

in the assignment lottery are able to attend a child care institution that matches better

with their or their parents' needs.

To get at the match quality, we exploit that parents of children who do not get an o�er

in the assignment lottery should di�er in the importance that they assign to the quality

of the institution. Parents who assign less weight to quality should be more willing to

accept alternative child care placings. If we assume that the arrival rate of quality and

non-quality o�ers is the same for both types of parents, it follows that children in the

control group who start child care at a similar age to children in the treatment group

should attend child care of lower quality compared to children in the control group who

delay starting child care. This implies that if the quality of the child care institution is

the primary driver of our reduced form estimates, then we should expect that children in

the control group who do not delay child care attendance compared to treatment children,

su�er the most from not getting an o�er in the assignment lottery. Among children who

do delay child care, there should be little or no di�erence depending on the assignment

o�er.

To investigate this, we consider, separately for children in the control and the treatment

group, the mean performance of children by the delay in child care starting age (compared

to starting in august, at the start of the child care year). We turn again to Figure 3, where

the mean test scores among children who were delayed less than 0�18 months is reported.

If match quality is driving our results, then the gap between the performance of control

and treatment children should be shrinking as the delay increases. In Figure 3, we see

that the contrary is true: The performance gap is increasing as the delay increases. This

suggests that match quality is not the prime driver of our reduced form estimates. On

the other hand, this pattern is, of course, well in line with expectations if starting age is

the prime driver. In this case, the performance gap should be small for children who do

not delay and larger as the delay grows, just as observed in Figure 3.
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5.3.3 Family income and alternative mode of care

The e�ect of child care enrollment is related to the alternative mode of care had the

children not been enrolled in child care. In our case, our instrument pushes child care

enrollment forward by about three months on average, or about one year for a fourth of

the sample. After this period, children who do not get a lottery o�er are also on average

enrolled in child care. For both, enrollment in child care is largely an absorbing state,

with the vast majority of children who enroll staying enrolled until the school starting

age (which is six years in Norway). To understand the drivers behind our estimates, we

therefore need to consider these two modes of care. That is, what type of care are control

children in before they start regular child care, and what are the characteristics of the

formal care that they attend once they do start regular child care.

Above, we analyzed the di�erences in the formal care that the treatment and control

children attend. We now take a look at the mode of care attended. Typically, one

considers three alternatives: Parental care, formal child care and other, more informal,

sources of care (Blau and Currie, 2006). Unfortunately, we do not have direct information

about alternative modes of care in our sample. As an alternative, we consider survey data

on stated demand and actual use of child care for a nationally representative sample of

parents with 1-year olds in 2003, presented in Table 9. While about 70 % of parents

in the survey state demand for child care, either full time or part time in combination

with other forms of care, only 27 % actually have their children enrolled in child care.

In comparison, while 56 % of parents say that they care for their children themselves,

only 17 % actually prefer to do so. According to this evidence, then, parental care is the

dominant alternative for Norwegian toddlers in general. While it is not clear that this is

representative for our sample, anecdotal evidence from Oslo points in the same direction.

Typically, one or both parents may, if they do not get a place in child care for their child,

take unpaid leave (with employment protection) or they may patch together child care

by working reduced hours and relying on grandparents or other sources of informal care.

We next consider how a lottery o�er a�ects the earnings and labor force participation of

the parents. On the one hand, this adresses the extent to which family income may explain

part of the estimated e�ects. On the other hand, the e�ect on labor force participation

may give us an idea about the importance of parental care as the counterfactual mode of

care in our particular sample. To measure labor force participation, we rely on information

about annual earnings, including wages and income from self-employment. Speci�cally, we

construct dummy variables for employment based on the basic amounts in the Norwegian

Social Insurance Scheme (used to de�ne labor market status, determining eligibility for

unemployment bene�ts as well as disability and old age pension). In 2006, one basic

amount was about 80,000 NOK, or about 10,000 USD. Following Havnes and Mogstad

(2011a), parents are de�ned as employed if they earn more than two basic amounts and
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Table 9: Survey evidence on the demand for and use of child care among 1 year olds in
Norway, 2003.

Stated demand Actual use

Parents 0.17 0.56
Relatives 0.04 0.04
Unlicensed care givers 0.08 0.13
Child care 0.42 0.22
Combined/Other 0.28 0.05

Source: Pedersen (2003).

Table 10: Estimates of the impact of a lottery o�er on parental labor supply in the
application year and in the following year.

Application year Following year

b SE Mean b SE Mean
Mother

Earnings 1,828 (10,141) 333,887 8,941 (13,944) 383,061
Employment -0.009 (0.020) 0.848 -0.011 (0.017) 0.880
Full-time eq. 0.024 (0.026) 0.583 0.044 (0.024) 0.692

Father

Earnings 45,218 (43,340) 606,905 74,575 (51,882) 643,043
Employment -0.014 (0.013) 0.946 -0.004 (0.014) 0.952
Full-time eq. -0.010 (0.020) 0.852 -0.015 (0.017) 0.878

Note: E�ects on earnings are reported in NOK, 1 USD ≈ 8 NOK. Standard errors are clustered at
the �rst choice institution level and robust to heteroskedasticity. All regressions control for the risk set
by including a full set of dummy variables for each institution by year and the number of child care
institutions listed in the application, see Section 3. Control variables are listed in Section 3.

full time equivalent if they earn more than four basic amounts.

Because the child care year starts in August, the impact on parental labor supply may

materialize both in the fall of the application year, and in the spring of the following year.

We have therefore estimated the impact on outcomes in both years. Estimates from the

reduced form are reported in Table 10. While estimates are not su�ciently precise to

draw strong conclusions, they suggest that receiving a lottery o�er may modestly increase

labor supply of mothers around the margin of full time employment, but has little impact

on employment of fathers. Also, e�ects on fathers earnings go in the expected direction,

pointing to a positive impact of a lottery o�er on the intensive margin of fathers labor

supply. All in all, however, e�ects are moderate and, we believe, unlikely to explain our

main estimates. The modest estimates may also be interpreted to imply that parents in

our sample have access to informal sources of care in case they do not get a place in child

care, at least part time, in line with the anecdotal evidence discussed above.
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6 Concluding remarks

Child care enrollment of young children is substantial and growing, and child care is often

heavily subsidized by the government. At the same time, there is concern among both

researchers and policymakers that separation from the primary caregiver, typically the

mother, may cause stress and anxiety in the child, with potentially adverse e�ects on

children's development (Bowlby, 1969; Mercer, 2006). Yet, convincing evidence on how

child care a�ects the development of toddlers remains scarce.

In this paper, we present evidence on the impact of early child care enrollment on

the cognitive performance of children at age seven. Results indicate that early child care

enrollment has a bene�cial e�ect for children's performance both on a language test and

on a mathematics test. This is true both when we consider the mean test score and when

we consider the probability of scoring below thresholds for low performance set by the

national government.

To investigate further the potential for child care in alleviating di�erences between

children, we estimate the impact of getting a lottery o�er on the performance of children

in subsamples depending on their gender and family background. The estimates suggest

that child care may particularly improve development of low-performing children. On

the one hand, the estimated impacts are larger in subsamples of children that tend to

perform worse on the test. Our estimates suggest, for instance, that the gap in language

performance between children from low and high educated families is halved when both

attend child care. On the other hand, the estimated impacts are clustered in the lower end

of the test score distribution, while our estimates become modest and insigni�cant in the

middle and particularly upper end of the distribution. This is true both on the language

test and on the mathematics test. It should be noted however, that our outcome measure

is not designed to capture well variation in the upper part of the distribution. One should

therefore be careful in applying our estimates on the upper end of the distribution in other

contexts. These patterns are in line with a story where educated and high income families

provide a more stimulating environment, at home or in informal care, compared to more

disadvantaged families (as suggested e.g. by the seminal study of Hart and Risley, 1995).

The child care center, if it provides a more homogeneous environment to children, may

then give bigger gains to children from disadvantaged families. This is also in line with

the evidence in Havnes and Mogstad (2015).

Our results on how child care a�ects the development of toddlers extends the growing

recent literature on how child care institutions a�ect the development of preschool age

children. While results are mixed, several studies have shown positive e�ects, in particular

for children from disadvantaged families. Our study shows that positive e�ects of child

care are not unique to preschool children, but can be extended also to toddlers below

18 months of age. Importantly, our estimates lend no support to the concerns about
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detrimental impact of child care at early ages.
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A Additional material

A.1 Tables and �gures
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Figure A1: Distribution of test scores among children who did not receive an o�er in the
assignment lottery.



Table A1: Background characteristics by number of institutions to which a family applied

Applied to 1 inst. Applied to 2�4 inst. Applied to 5�7 inst.

Girl 0.53 (0.50) 0.47 (0.50) 0.51 (0.50)
Age 15.56 (2.27) 14.84 (2.22) 14.67 (2.16)

Immigrant 0.35 (0.48) 0.24 (0.43) 0.05 (0.23)

Mother

� years of educ 13.01 (3.51) 13.63 (3.34) 15.06 (2.88)
� earnings 211,916 (148,572) 261,565 (173,629) 315,170 (156,815)
� age 33.39 (5.07) 33.05 (5.17) 33.36 (4.10)
� age �rst birth 27.81 (5.04) 28.33 (4.86) 30.31 (4.20)

Father

� years of educ. 13.38 (3.67) 13.59 (3.74) 14.76 (3.29)
� earnings 404,797 (371,221) 370,251 (356,906) 430,743 (371,399)
� age 36.96 (7.96) 35.68 (7.34) 35.18 (5.82)
� age �rst birth 30.27 (5.94) 30.15 (6.41) 31.69 (5.44)

N=140 N=564 N=2,184



Table A2: Characteristics of public vs private child care centers

Public Private

Mean SD Mean SD

A. Structural characteristics

Language 98,14 (6,56) 99,46 (5,93)
Mathematics 44,27 (4,03) 45,09 (3,80)
Teacher/child 0,08 (0,03) 0,09 (0,06)
Distance (km) 2,84 (3,65) 3,63 (3,74)
Distance (min) 5,22 (5,48) 7,13 (6,68)

B. Sta� characteristics

Income 260,547 (31,642) 219,405 (63,015)
College graduates 0,35 (0,12) 0,35 (0,24)
Immigrants 0,23 (0,16) 0,26 (0,28)
Males 0,09 (0,10) 0,13 (0,17)
Age 39,30 (5,31) 31,65 (7,11)

C. Peer characteristics

Family income 705,425 (247,601) 798,225 (256,022)
College graduates 0,43 (0,24) 0,56 (0,27)
Immigrants 0,11 (0,15) 0,04 (0,10)
Males 0,50 (0,20) 0,49 (0,24)
Young 0,46 (0,22) 0,54 (0,26)



Table A3: Background characteristics by sample restrictions.

All children All applying Lottery sample

Girl 0.48 0.47 0.50
Age 21.64 15.96 17.69

Immigrant 0.28 0.07 .11

Mother

� years of educ. 13.06 14.69 14.68
� earnings 227,883 297,943 299,696
� age 32.73 33.11 33.30
� age �rst birth 28.66 30.04 29.80

Father

� years of educ. 13.08 14.30 14.42
� earnings 337,624 402,660 417,671
� age 34.11 33.68 35.36
� age �rst birth 29.64 30.27 31.32

N = 26, 129 N = 13, 250 N = 2, 888

Note: The table reports means of covariates by di�erent sample restrictions; all children in Oslo belonging
to the relevant cohorts (�rst column), all children applying for a child care slot (second column) and �nally
the lottery sample (third column). Detailed descriptions of the background characteristics are provided
in Section 4.
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Table A5: Reduced form estimates of the impact of a lottery o�er on performance in
language and mathematics at 19 quantiles.

Language Mathematics

Perc. b SE Score b SE Score

5 0.030 0.011 -1.408 0.020 0.012 -1.87
10 0.049 0.015 -0.651 0.028 0.016 -1.168
15 0.054 0.018 -0.335 0.045 0.018 -0.78
20 0.048 0.020 -0.116 0.043 0.020 -0.523
25 0.038 0.023 -0.046 0.048 0.022 -0.274
30 0.024 0.024 0.105 0.027 0.024 -0.129
35 0.024 0.024 0.110 0.035 0.026 0.016
40 0.027 0.024 0.185 0.035 0.027 0.161
45 0.027 0.024 0.240 0.044 0.028 0.212
50 0.017 0.026 0.256 0.035 0.028 0.352
55 0.017 0.026 0.261 0.035 0.028 0.409
60 0.026 0.027 0.336 0.021 0.027 0.452
65 0.026 0.027 0.336 0.004 0.027 0.533
70 0.026 0.027 0.407 -0.008 0.025 0.597
75 0.019 0.022 0.411 0.007 0.023 0.606
80 0.014 0.021 0.431 0.020 0.022 0.645
85 0.012 0.020 0.487 0.011 0.018 0.742
90 0.005 0.012 0.559 -0.003 0.014 0.791
95 0.005 0.012 0.559 0.000 0.000 0.803

Note: The dependent variable in each row is a dummy for performing above the percentile of the test
score indicated by the row. Score gives the Estimates are from Equation (1), estimated at each of 19
quantiles, controlling for the risk set by including a full set of dummy variables for each institution by
year and the number of child care institutions listed in the application, see Section 3. Standard errors
are clustered at the �rst choice institution level and robust to heteroskedasticity.



A.2 Background information about the language test

Every teacher who is responsible for carrying out tests in his/her class receives a teacher's

instruction manual. The following text about the test is from this manual of Education

(2011b).

Conditions for learning

Test part 1: The student's attitude when it comes to reading: This part should provide

information about the student's attitude and interests related to di�erent activities related

to the written language. Results on this part of the test should not been given a score

but is meant as information to the teacher.

Level of knowledge about the alphabet

Test part 2: To write letters: This measures the student's ability to link sound and letter

as well as their ability to construct the letters in question. Firstly, the students hear a

word. Secondly the teacher repeats the �rst sound of the word and asks the students to

write the letter that goes with that sound. There is a picture supporting the word in the

student book. The students' results on this test should be scored by the teacher.

Test part 3: To recognize letters: This part measures one of the basic skills in reading.

Students have four minutes to their disposal. Starting from a capital letter the students

shall recognize the same lower case letter among several other lower case letters. The

students' results on this test should be scored by the teacher. This test part does not

have a �critical threshold� since many students may have been exposed to only one type of

letter throughout the �rst school year. The score registrations are meant as information

to the teacher about which of the capital letters and lower case letters the students can

recognize and link.

Test part 4: To identify the initial sound: This measure the students' ability to do

exactly this. The teacher reads a word and asks the students to identify the �rst sound

of the word and write this down. There is a picture supporting the word in the student

book. The students' results on this test should be scored by the teacher.

Test part 5: To draw together sounds: Maps the students' abilities in phonological

synthesis. Each part of this test contains a sequence with four pictures that illustrate

di�erent words. The teacher instructs the students by �rstly presenting the word that

illustrate each picture and thereafter the target word, sound by sound, with a break

between every sound. The task of the students is to carry through the synthesis process

and determine which picture that goes with the target word. The students' results on

this test should be scored by the teacher.



Understanding words

Test part 6: To write words: Consists of a word dictation where each word is presented

for the students in a sentence. This test part comprises 8 sentences in total. The students'

results on this test should be scored by the teacher.

Test part 7: To read words implies that the students should compare an illustration

with four written words and subsequently identify the word that �ts with the illustration.

The students should identify as many word as possible (total possible words 19) within

�ve minutes. The students' results on this test should be scored by the teacher.

Understanding sentences

Test part 8: To read sentences consists of nine sub-parts. In each part the student reads

a sentence and mark the picture that illustrates the entire content of the sentence among

four alternative pictures with similar content. The length of the sentences increases from

two to �ve words as the test proceeds. The students should link as many pictures and

sentences as possible within �ve minutes. The students' results on this test should be

scored by the teacher.

A.3 Background information about the mathematics test

Every teacher responsible for carrying out tests in his/her class receives a teacher's in-

struction manual. The following text about the test is from this manual of Education

(2011a).

This test consists of nine pages with several di�erent tasks (see below). The points

scored on each page should be added together. The critical threshold for the mathematics

test is based on the aggregated sum of points.

Page 1: Maps the students' ability to count, as well as if they know the numbers and

can link a number of items to a certain �gure

Page 2: Maps if the students understand the idea �equally many�, i.e. that they can

compare the number in two di�erent countable sets

Page 3: Investigates if the students' can rank the numbers in two di�erent countable

sets and if they understand the concept �most� (cf. Figure A2)



Figure A2: Exercise from page 3 of the math test.

Note: In the exercise, the children are asked to draw a circle around the wallet with the most money in
each of the six rectangles. The top box is pre-completed as an example. Direct translation: �Draw a ring
where there is the most money.� �Example.� �Here is the most money.�

Page 4: Maps the students' knowledge about a sequence of numbers (linear)

Page 5: Maps the students' knowledge about a sequence of numbers (linear), if they can

count forward and backward from a given number, and if they understand the sequence

concepts �prior to� and �subsequent to�

Page 6: Investigates the students' knowledge of a series of numbers and the ranking

of given numbers within the series

Page 7: Tests the students' ability to split a number into two other numbers (e.g.

4=1+. . . )

Page 8: Tests the students' ability to solve text assignments. The assignments have

di�erent additive structures and they deal with both addition and subtraction (but rather

low numbers)

Page 9: Maps the students' ability to add two numbers. The additive structure

deal with the combination of two sums of money, to allow the students to employ their

knowledge about money and coins to arrive at the correct answer


