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Introduction

Welcome from the French National family benefits fund (Cnaf)
• Jeanne Moeneclay: head of the Research and Studies Unit in the National

family benefits fund (Cnaf).

Members of the scientific council

• Julien Combe (CREST - Ecole
Polytechnique, France)

• Sylviana Coté (Université de
Montréal, Canada)

• Orla Doyle (University College
Dublin, Ireland)

• Denis Fougère (Science Po,
France)

• Marc Gurgand (PSE, France)
• Arthur Heim (PSE, France)
• Claude Martin (EHESP, France)

• Jeanne Moeneclaey (Cnaf, France)
• Emmanuelle Nauze-Fichet (Drees,

France)
• Yusuke Narita (Yale University,

USA)
• Thibaut de Saint-Pol (Injep,

France)
• Florence Thibault (Cnaf, France)
• Laurent Toulemon (Ined France)
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What is ISAJE ?

Large-scale project to estimate the causal effects of having
access to daycare on :

• Children development in language, cognitive, motor and
socio-emotional skills.

• Families’ resources and parents’ professional activities
• Parents’ subjective well being
• The relationship’s organization (risk of separation, division of

tasks)

Assessing treatment effect heterogeneity between
disadvantaged and more affluent families
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What is ISAJE ?

ISAJE in three steps
1 Assign daycare seats to family using a matching algorithm with

random tie breaker
• Find municipalities willing to use one of our tools to assign daycare

slots instead of the regular committees
• Use their criteria and families preferences to match supply and demand
• When families have the same priority, break ties randomly

2 Constitute a panel of families who were (or not) offered a seat
using the algorithm

• Identify families conditionally accepted
• Survey parents each year

3 Measures of children development
• Indirect measures through parents questionnaires (e.g. MBCDI)
• Direct assessment of children development and abilities at a given age
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Context

Favourable institutional context
• Anti-poverty Strategy - Early childhood education and care is

the ”first priority”
• Laithier (2018) - Vademecum on transparency in the allocation

of childcare places
• Endorsment by Cnaf.

Social investment research agenda 2016-2019
• ”The social investment strategy emphasizes universal and high-quality early

childhood education and care to foster the capabilities of people from all
backgrounds and aims at sustainable and continuous access to the labour
market ”(Avenel et al. 2017)

• Work on how to measure returns to social investments (Heim 2017a, 2017b;
Fougère and Heim 2019)

• March 2019 : PhD project with Marc Gurgand (CNRS-Paris school of
Economics) at Paris school of Economics, funding by CIFRE Cnaf & ANRT.
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Motivations

Consensus for 3/6 year-old, uncertainty for younger children
• Abundant and relatively consensual literature on the positive effects of formal childcare

for preschool children (i.e. 3 to 6 years old) (Nores and Barnett 2010; Barnett 2011)
• Overall, greater effects for disadvantaged children if high-quality formal care is provided

(Kholoptseva 2016);
• Results for younger children are far less consensual. The quality of the ECECs appears

to be a determining factor in these results. (I wrote a short literature review for the
poverty strategy evaluation committee : See Montaignac (2020))

Investing in early childhood for equal opportunities in France ?
• de Bodman et al. (2017) advocate in favor but state the lack of studies in France ;
• Gomajee et al. (2017) and Gomajee et al. (2018): Access to ECEC is associated with

lower levels of emotional distress.
• Grobon, Panico, and Solaz (2019) : Children in formal childcare have better language

skills at age 2 ; social inequalities affect language at age 2 but for a given childcare
arrangement, inequalities are lower.
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Motivations

Descriptive analysis on French data by Grobon, Panico, and
Solaz (2019)

• Children whose primary childcare arrangement is daycare have significantly higher
language skills (about 35 % S.D.) than children primarily cared for by their parents, all
other things being equal.

• Children whose primary childcare arrangement is a childminder also have significantly
higher language skills (by about 20 % SD) than children who are primarily cared for by
their parents, all other things being equal.

• There are no significant difference between parental care and other informal
arrangements.

⇒ Children who use formal childcare have higher language skills than those cared for
by their parents.

• The gap in language development according to social background is very large (≈
50 % SD).

• But controling for socio-demographic characteristics, this gap narrows very sharply.
• With similar child care arrangements and socio-demographic characteristics, the

developmental gap related to social background is significantly reduced.
⇒ Childcare explains a significant part of the development gap associated with social

origins.
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Motivations
One attempt to estimate causal impacts of daycare on children
outcomes

• Lawrence Berger, Lidia Panico, and Anne Solaz. 2020. The Impact of
Center-Based Childcare Attendance on Early Child Development: Evidence
from the French Elfe Cohort. Documents de travail 254. Paris, France: Ined

• Use ELFE longitudinal data with survey at age 1 for daycare use, and outcomes
at age 2;

• Instrumental variable strategy using quarter of birth and relative daycare supply
in the city of residence.

• OLS with linear controls for confounding factors yield positive impacts of
daycare on language and motor skills at age 2, and negative impacts on behavior

• 2SLS yield estimates with the same signs but coefficients and SE are three times
as large (about .36 SD). Significance at 5 %.

Main table

♭ Quater of birth instrument highly questionable,
♭ Results sensitive to the definition and use of the instruments (Appendix table

A1).
♭ No significant impact when using relative supply as instrument despite strong

first stage !
♭ Counterfactual is a mixture of different childcare arrangements. How to interpret

the LATE then ?
• This research faces the same issues we have.
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Motivations

Estimation of the impacts of increased supply of daycare on
mothers’ labor market outcomes

• Pierre Pora. 2020. Keep Working and Spend Less? Collective Childcare and
Parental Earnings in France. Working Paper. INSEE

• Use event study design and identify municipalities with large shocks on daycare
supply

• Outcomes from administrative sources (DADS)
• No impact on labor market participation or labor earning of mothers in affected

municipalities
• Reduction in the relative supply of individual childcare (i.e. childminder mostly)
• Placebo tests with mothers of children over age 2.

Main results

• Consistent with other researches that find that supply shocks usually have
no impact on extensive margin (Vuri 2016), contrary to cost/subsidy shocks
that usually find positive impacts on labor market outcomes, especially for
single parents.
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Toward a quasi-experimental
design

Endogeneity of childcare arrangements
• Childcare arrangements depend on parents preferences and views

on education, capacity constraints, schedules, costs, etc.
• Unobserved ordered preferences for different childcare

arrangement and/or combination of several.
⇒ Hard to deal with selection bias even with brute force

randomization of one childcare arrangement.
• Central question in the ISAJE project
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Toward a quasi-experimental
design

Potential designs for impact evaluation
1 Randomized control trial

• Initial draft proposed to the Scientific Council
• Random assignment to daycare would eliminate selection bias and allow to

estimate causal impacts using simple mean comparisons
♭ In practice, random assignment is very difficult to reconcile with the objectives

of local early childhood care policies.
♭ Even stratified RCT (with quotas for priorities) are too different from what

municipalities do
♭ Virtually impossible to enforce.

2 Our solution
• Use an algorithm to allocate seats, with known and desirable mathematical

properties, respecting the priority criteria of each territory and families
preferences.

• Randomly break ties between similar-in-files children and compare those who got
an offer with those who did not.

• Local treatment effect for marginal children, i.e. those who would get a slot if
capacity constraints were alleviated.
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Mechanisms to assign daycare
seats to families

A participatory scientific approach
• Procedure developed after a meeting with elected officials and

early childhood directors + researchers to meet the following
constraints:

1 Each locality has its own specific allocation criteria we cannot
dramatically change.

2 Families declare ordered preferences for specific centers (1st
wish, 2nd wish etc.) which must be taken into account in the
procedure.

3 Some territories value diversity in each daycare and the
procedure must take them into account.

4 Some territories allow families to ask which day they would like
to have a seat

5 We must define criteria for efficacy and fairness to qualify
mechanisms

6 We need to have (enough) ties and random tie breaks for the
research design
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Mechanisms to assign daycare
seats to families

Let’s get rid of some misconceptions
• An algorithm is a sequence of logical instructions. It’s not (necessarily) a

black-box computer procedure.
• Our algorithms are deterministic mathematical solutions (as opposed to

stochastic/learning algorithms such as the google search algorithm,
facebook ads and so on.)

• Commissions for the allocation of childcare places, as they exist today, can
generally be assimilated to an algorithm

• For instance :
• ”To the highest priorities, I give the best possible choice.” ≡ Serial dictatorship

or deferred acceptance
• ”To the highest priority, I give the first choice.” ≡ Immediate acceptance, also

called Boston mechanism.
• ”I try to fill the day care centers as much as possible based on demand, starting

with the highest priority.” ;
• The definition of explicit and transparent assignment criteria does not

guarantee a fair assignment
• The choice of the algorithm is not neutral, some procedures can only

satisfy certain criteria.
• In practice (outside ISAJE), the algorithm can be viewed as a “decision

helper” by proposing an allocation which can be discussed ex post at a
committee (e.g. discuss complicated cases...)
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Mechanisms to assign daycare
seats to families

Some important definitions
In a given municipality, we consider a fixed set I of indexed children i and a set S
of indexed daycare centers s. Families have strict preferences for daycare centers,
and each daycare orders families: called priorities. These priorities are usually
defined by the local authority (e.g. municipality, usually in the form of a score, for
example) and may be common to all centers or not. A matching µ is a mapping
that specifies which student is assigned to which centre (if any).

• Acceptability : daycare center s is said to be acceptable to family i if s ≻i ∅
• Constraint and feasibility : Each center s is subject to a constraint. A

constraint at center s is a nonempty collection Fs ⊆ 2I of sets of family
Denote FS = (Fs)s∈S . We say that a subset I′ ⊆ I is feasible at s if I′ ∈ Fs
and it is unfeasible otherwise.

⇒ Ex: capacity: Fs = {I′ ⊆ I : |I′| ≤ q} but can be more complicated (e.g.
days)

• Justified envy : We say that i has a justified envy toward i′ if µi′ = s ≻i µi
and i ≻s i′.

• Fairness: A matching is fair if there exist no students i and i′ such that i
has a justified envy toward i′.

• Non-wastefulness: A matching is non-wasteful if there is no pair
(i, s) ∈ I × S such that s ≻i µi and µs ∪ {i} is feasible at s.

• Stability: a matching µ is said to be stable if it is feasible, fair, and
non-wasteful.
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Introducing soft-quotas
• In many municipalities: in addition to the score defining the

priorities, certain seats can be prioritized for some groups of
children/families

⇒ Example: age groups, some seats are reserved in priority for
babies (0yo) and others for say 1-2yo.

⇒ hard-quota: only for the group, soft-quota: priority to the
group

• Soft-quotas: each child i belongs to a group gi ∈ G (e.g. age
group)

⇒ Each daycare s has a (soft) quota of qg
s seats for children of

group g (seats “reserved” for this group)
• With soft-quotas: can violate the priority of a family because

some seats are reserved for a group
⇒ Need to modify the fairness definition
• For a matching µ let µg

s be the set of childs from group g
assigned to daycare s

• A matching µ is fair with soft quotas if whenever µi′ = s ≻i µi
then |µgi

s | ≥ qgi
s and i) i′′ ≻s i for all i′′ ∈ µgi

s ii) i′′ ≻s i for all
i′′ ∈ µs s.t. gi′′ := g′ and |µg′

s | > qg′

s
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First design : standard
capacities with soft quotas

• Feasibility is the simple case of standard capacities: each s has
qs seats

⇒ Feasibility is just Fs = {I′ ⊆ I : |I′| ≤ qs} (e.g. case of Paris XI)

• This is a well known problem in the literature

• Use the student-proposing Deferred Acceptance algorithm (DA)
proposed by Gale and Shapley (1962) with soft quotas for
diversity (Ehlers et al. 2014).
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First design : standard
capacities with soft quotas

Properties of the DA with soft quotas (Ehlers et al. 2014)
• Always returns the optimal, fair with soft-quotas and non

wasteful matching
• Fair with soft-quotas: A family cannot complain to have a

justified envy toward another family. The rejection is justified
either because of the score (priority) or because of the soft-quota

• Non-wasteful: all the seats demanded are allocated
• Optimal: among all matchings fair + non wasteful, the

algorithm returns the most favorite one for families
• DA soft-quota is strategy-proof i.e. no family has an incentive

to misreport its preferences to the algorithm
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First design : standard
capacities with soft quotas

Limits
• Only works with one child = one seat. Hence, cannot

accommodate when families ask different days of assignment
• We could neglect this information and simply use priority. ⇒ We may

end-up with a lot of empty seats;
• We can group demands by number of days (regardless of which days

are asked) ⇒ Probably less wasteful but possible mismatch between
seats asked and seats offered.

• We developped another algorithm to better deal with demands
with days.
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Second design : days with soft
quotas

• T days per week (typically 5)
• Each family i asks to be assigned to certain days: vector di

where dt
i = 1 if family i ask day t and zero otherwise

⇒ In addition to preferences and groups, we add days to the
application of a family

• Each daycare s has a multidimensional capacity: one for each
day

⇒ qt
s is the number of seats at daycare s for day t

• More complicated problem: Kamada and Kojima (2019),
Delacrétaz, Kominers, and Teytelboym (2019), and Delacretaz,
Kominers, and Teytelboym (2016)

⇒ Example: we can assign one family on the 5 days or two
requiring 2 days...etc
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Second design : days with soft
quotas

The problem with days
• Incompatibility between fairness and non-wastfulness objectives
• Illustration :

• Suppose 3 families asking for the same daycare which only has one single slot for
each of the 5 weekdays.

• Top priority family demands {Monday, Tuesday}, the next family demands
{Tuesday, Wednesday, Thursday, Friday}, lowest priority demands {Wednesday,
Thursday, Friday}.

• A fair matching only offers a seat to the first family.
• A non-wasteful matching offers a seat to the 1st and 3rd families.
• In this case, the 2nd family has justified envy toward the 3rd family who is served

despite its lower priority.
⇒ If you want to fully respect priorities (=fairness), you need to leave empty

seats (=wastefulness)!

• You might ask: can we just explain to family 2 that no feasible assignment
assigns her to the daycare to justify the assignment of family 3 ?

⇒ with this modification of the definition of stability: a stable matching might
not exist!
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Second design : days with soft
quotas

• If we accept that there will possibly be empty seats left
⇒ How do we find a fair matching? (respect priorities)

• We built on the Cutoff Adjustment Mechanism (CAM) of
Kamada and Kojima 2019

⇒ We incorporate the soft-quotas into their algorithm
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Second design : days with soft
quotas

Properties of the modified CAM algorithm
• Always returns a fair matching

• Fair with soft-quotas: A family cannot complain to have a
justified envy toward another family. The rejection is justified
either because of the score (priority) or because of the soft-quota

• Wasteful: there might be empty seats left where it would be
feasible to assign some families

• Non-optimal: among all fair matchings there might exist
another fair matching that all families prefer

⇒ If no soft-quotas: the matching is optimal (Kamada and Kojima
2019)

⇒ Open question whether we can improve the design (not crucial
for ISAJE + not significant in the data)

• It is NOT strategy-proof: We can write an example where a
family could lie to get a better assignment

⇒ Impossibility result: there exists NO algorithm that is fair and
strategy-proof

⇒ It does not mean that in practice the manipulation is easy
(empirical question)
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To sum up: 2 designs
depending on the municipality

Algorithm Soft-quotas Days Fairness Non-wasteful Optimal Strategy-proof
DA with soft quotas ✓ × ✓ ✓ ✓ ✓

CAM with soft quotas ✓ ✓ ✓ × × ×
(if soft-quotas)

• Two great tools to use by municipalities even after ISAJE
• Interesting market design questions remain
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Pilot study: The case of
Valence-Romans

What doesn’t change for local authorities
• The local authorities define the priorities of the families and

it is with these priorities that the algorithm carries out the
assignment; we do not intervene in the choice or definition of
these rules, except for time since application (see following slide)

• The local authorities are responsible for this allocation; the
use of the algorithm is a technical means that substitutes itself
to the allocation commission by following its rules. The Cnaf
acts as a subcontractor.

• The wishes of the families are taken into account so as to
give families the best possible choice among assignments that
respect the priorities defined by the local authorities

• Sensitive files (with social worker supports, disabilities,
under-aged parents,...) are treated in priority either in the
algorithm (with a maximum priority) or in a pre-commission
organized by the territory.

• The procedure tries not to separate siblings (twins or siblings in
different age groups).
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Pilot study: The case of
Valence-Romans

What does change
• The use of an algorithm requires that families are informed of its

use, its main rules and properties and local authorities must be
able to explain the results;

• For the evaluation part, each file is assigned a random number
(between 0 and 1) that is used to break ties between families
with the same level of priority.

• This point is the fundamental element for the research and
allows the random selection of files requesting the same daycare
and having the same level of priority.

• This lottery number generally replaces a criterion of seniority of
the application.

• In order not to penalize families who have been waiting for a
place for a long time, we propose:

• To group the files by blocks of seniority date (by quarter, semester,
year) (preferred solution)

• To increase priority with seniority through additional score points
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Pilot study: The case of
Valence-Romans

The daycare market of Valence-Romans
• There are 43 facilities among which 12 are childminders that were assigned

for families demanding a “family nursery”
• On average, each daycare center offers 9.28 seats that are divided into age

groups (up to 5 age groups)
• There are approximately 380.2 seats with more or less available seats by

weekdays.
• There are 1014 families applying that can rank up to 8 daycares.
• On average, families report 2.94 daycares in their preference list.
• Priorities consist in a score made of weighted family characteristics (single

parents/couple, employment, siblings, disability, city of residence, etc.) and
time since registration. The scores vary from 3 to 22.5 with an average of
10.37.
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Pilot study: The case of
Valence-Romans

Assignment using the CAM algorithm with soft-quotas
• 400 families were offered a seat, which represents 39.4 % of all

demands.
• Among those who were offered a seat, 64 % received their first

choice,
• 17.2 % received their second choice.
• The share of assigned families increases a lot with the score.
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Pilot study: The case of
Valence-Romans
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Figure: Share of accepted families by score level
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Pilot study: The case of
Valence-Romans

The problem with date since application
• Date since application was initially included twice in the

priorities:
• Families received .5 point each month since application
• In case of ties, those with older applications were selected.

• Valence-Romans agreed to modify these rules for this
experiment:

• We made the score coarser by giving 1.5 points every three months
• Ties are broken using a random number.

• Despite these modifications, the assignment is still very
deterministic

• Date since application correlates the probability of being offered
a seat with date of birth
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Pilot study: The case of
Valence-Romans
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Pilot study: The case of
Valence-Romans
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Pilot study: The case of
Valence-Romans

The problem with date since application
• Among the 720 demands for children under 18 months, only 135 have a

probability of being seated between 0 and 1.
• Keeping only values of the propensity scores where we have both offered

and rejected families, we can only keep 70 families.
• Children who are offered a seat are 2 months older on average than those

rejected.
• We ran some simulations where we only add bonus for time since

application to families that applied more than 12 months before.
• When we do that, the correlation between date of birth and probability of

getting a seat disappears.
• The number of randomized families is 453 and if we only keep families in

strata where we have both treated and control, we can keep 396 families.
⇒ Participation to ISAJE requires that we change the priority rules that

depend on time since application so that the score is more coarse and
randomization plays a larger role.
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Matching algorithm as a
research design

Use of centralized assignment mechanisms increases
• More and more organisations and institutions use centralized

assignment menchanisms in various markets:
• School choices, doctors to hospitals, teachers to schools,

migrants relocation, etc.
• Theoretical properties of some mechanisms are well defined :

feasibility, individual rationality, stability, strategy-proofness,
wastefulness...

• Particularly high interests in school choice
• The daycare market is a good candidate for such designs and

recently gained scholars’ interest (Delacretaz 2019; Kamada and
Kojima 2019)
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Matching algorithm as a
research design

Empirical strategies used so far with centralized assignments
• Most empirical questions linked to student access to some

schools
• Most of them use instrumental variable strategies using first

choice offer as instruments:
• Abdulkadiroglu et al. (2011) use charter offer within lottery1

controlling for risk sets using Boston data between 2001 and 2009
• Deming et al. (2014) use winning lottery numbers for school j as an

instrument using data from Charlotte-Mecklenburg to test the impact
of accessing first choice school.

• Bloom and Unterman (2014) use a similar instrument using New York
data.

• Also possible to use rank-distance to the last assigned student to
recover causal impact in a fuzzy regression discontinuity design
as in Abdulkadiroglu, Angrist, and Pathak (2014).

1. A Lottery is defined as an oversubscribed school for which a student apply
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Matching algorithm as a
research design

Recovering all the randomness induced by matching algorithms
• Empirical applications only use a small share of the available

data
• Statistical power issues
• External validity

• Algorithms such as student-proposing DA actually break ties
randomly at various stages of the process.

• Abdulkadiroglu et al. (2017) show that we can take advantage
of all the randomness in such algorithms under two simple
conditions:

1 Priorities are weak and generate ties
2 The mechanism used respects the property of equal treatment of

equals (ETE)
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Main results from
Abdulkadiroglu et al. (2017)

What is equal treatment of equals ?
• Mechanism ϕ satisfy equal treatment of equals when applicants with same

priority and preferences (i.e. same type θ) have the same assignment
probability at all schools/daycare center.

ETE is conditional independance
• Assignment to school s or to a group of schools (e.g. charters) depends on

students preferences and priority that are related to outcomes like test
scores ⇒ hard to measure impact of attendance.

• ETE solves the problem as the distribution of offers generated by a
stochastic mechanism can be viewed as a stratified randomized trial where
strata are defined by types.

• With ETE, probability of being assigned to school s is the same for students
of the same type.
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Main results from
Abdulkadiroglu et al. (2017)

Proposition 1 from Abdulkadiroglu et al. (2017)
• Let Di(s) = 1(assigned to school s) and let Wi be a vector of characteristics

that may or may not contain potential outcomes.
• Consider the conditional assignment probability

Pr
(
Di(s) = 1|Wi = w, θi = θ

)
induced by a stochastic mechanism satisfying

ETE, with Wi being fixed under re-randomization, then

Pr
(
Di(s) = 1|Wi = w, θi = θ

)
= Pr

(
Di(s) = 1|θi = θ

)
(1)

• Conditional on type θ, assignment to school s is strongly ignorable
• Proposition 1 shows that centralized assignment schemes satisfying ETE

generate stratified randomized trial.
• ETE ⇒ Di(s) ⊥ Wi|θi = θ
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Main results from
Abdulkadiroglu et al. (2017)

Proposition 1 from Abdulkadiroglu et al. (2017)
• The problem is that the number of types can be very large compared to the

number of applicants.
• Suppose a city with 20 schools where students can rank up to 3 schools and

priority ranks are just random. Then there can be 6840 different types
(20× 19× 17).

• Conditioning on types may not be feasible.
• Abdulkadiroglu et al. (2017) show that we can use the propensity score

theorem to pool together families of different types, who have the same
treatment probability.
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Propensity score pooling

Conditionning on propensity score rather than types
• Recall results from equation (1):

Pr
(
Di(s) = 1|Wi = w, θi = θ

)
= Pr

(
Di(s) = 1|θi = θ

)
• Theorem 3 of Rosenbaum and Rubin (1983) states that if treatment

assignment is strongly ignorable given X, then it is strongly ignorable given
any balancing score b(X)

• let Ps(θ) be the probability of being assigned to school s given type θ:
Ps(θ) = pr

(
Di(s) = 1|θi = θ

)
• Applied to this setting together with proposition 1, Rosenbaum and Rubin

(1983)’s Theorem 3 means that:

pr
(
Di(s) = 1|Wi = w,Ps(θi) = p

)
= pr

(
Di(s) = 1|Ps(θi) = p

)
= p (2)

• Equation (2) implies that conditionning on propensity score eliminates
selection biais due to the dependence of assignment on type.
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Propensity score pooling

Stratified RCT or simple Ps-score matching ?
• The previous slide gives the impression that we are simply matching

students using an estimate of the propensity score.
• Propensity score matching is often discarded as an ineffective and naïve

method for causal inference (e.g. King and Nielsen (2019))
• The situation is very different here:

• Ps(θi) plays the role of a stratum indicator just like in a stratified randomized
control trial where one uses stratum fixed effect.

• Ps(θi) is not estimated using the predictive power of some covariates where the
validity of the model conditions the validity of the estimated propensity score

• It really is a stratified RCT where we have applicants of different types but
with identical treatment probability that are randomly assigned by the
centralized assignment mechanism.
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Propensity score pooling

Ps-score obtained by re-randomization
• For a given economy characterized by (I, S,Θ), the propensity score only

depends on the lottery number
• By the law of large numbers, the average offer rate across draws converges

to the actual finite-market score as the number of draws increases.
• Running the assignment several thousand times gives an estimate of the

propensity score.
• Some families will have probability 0 or 1 of being offered a seat. We won’t

be able to use them for the evaluation.
• The population of interest is made of conditionally seated families i.e. those

whose PS-score ∈ ]0; 1[

Do our algorithms satisfy ETE ?
• In our protocol, we show that the algorithms we have (DA, DA with soft

quotas and the different form of the CAM algorithm (with/without soft
quotas, with/without initial feasibile envy)) satisfy ETE and these results
can therefore be used.
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Models for causal impact

Notation and quantity of interest
• Outcomes: We consider a vector of outcomes Y made of a set of measures

of children developmental domains and parents outcomes indexed by
k = 1 · · ·K.

• Potential Treatment: For simplicity, we suppose that a child can be taken
care of

• 0: mostly by her parents or other informal care givers such as family neighbors
etc.,

• 1: mostly by a child minder
• 2: mostly in a daycare center.

⇒ Thus, contrary to the usual model, there are 3 potential values for each
outcome k: {Y0

i,k,Y1
i,k,Y2

i,k}.
• Treatment effects: In this setting we can define 3 different treatment

effects for each individual i:
• δ2i,k = Y2

i,k − Y0
i,k: Measures treatment effect of daycare center vs. parental care;

• δ1i,k = Y1
i,k − Y0

i,k Measures treatment effect of childminder vs. parental care;
• ∆i,k = Y2

i,k − Y1
i,k ≡ δ2i,k − δ1i,k Measures treatment effect of daycare center vs.

childminder.
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Models for causal impact

Notation and quantity of interest
• Observed treatment: Let us define the treatment variable di, the variable

for main childcare arrangement used such that:

di =

0 parents or informal care
1 registered child-minder
2 center-based daycare

, or equivalently d1i = 1(di = 1)
d2i = 1(di = 2)

• Algorithm assignment: We denote zi,2 = 1(i is offered a seat) the
aggregated offer2 and pi the propensity score of family i.

• Potential values as a function of the instrument The potential values of
treatment and outcomes variables depend on the value of the instrument
and are denoted: Yd

i,k(z) and di(z).
• Undefined counterfactual Our basic setting only allows a comparison

between daycare and any other arrangement. We use ∅ to index this setting.
Treatment effect is then δ∅i,k = Y2

i,k − Y∅
i,k and the treatment variable is d2i.

2. The assignment is more precise and tell which families are assigned to which daycare, and even to which age group. But
we aggregate these offer in a single dummy.
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Models for causal impact

Intention to treat analysis
• Say we have a sample of families assigned using one of our stochastic

mechanism such that we have offers z2,i and a subset families whose
assignment probability pi ∈ ]0 ; 1[,

• From Abdulkadiroglu et al. (2017) and Rosenbaum and Rubin (1983), we
have

Yd
i,k, d1,i, d2,i ⊥ zi,2|pi (3)

• Let V = {0 < v < 1|pi = v} be the set of values of the propensity score
where there is at least one individual per group;

• let Pv for v ∈ V denote the proportion of units in the population with
pi = v. With a discrete propensity score, V may be interpreted as an index
set.

• The intention to treat effect of being offered a seat is (Rosenbaum and
Rubin 1983):

ITTk =
∑
v∈V

Pv
(
Yk,v(1)− Yk,v(0)

)
(4)

where Yk,v(1) is the mean outcome of those offered a seat in stratum v and
Yk,v(0) the respective mean outcome of those rejected.
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Models for causal impact

Intention to treat analysis
• We can estimate the ITT by estimating the equations with weighted OLS

(Imbens and Rubin 2015, chapter 9,14) :

Yi,k = τz2,i +
∑
v∈V

γvIv + εi,k

Where Iv = 1(pi = v) and weights wpi =
1

(1−pi)
1−zi,2 ·p

z2,i
i

and

• The estimation of τ̂ gives the intention to treat effect of being offered a
seat.

• In the usual setting, the ITT is a weighted average of the treatment effect
on compliers and a null effect on never takers and always takers.

• Here, the definition is more subtle as potential outcomes can take 3 values.
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Models for causal impact

Figure: The impact of instrument z2 on compliance of different sub-groups.
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Hypotheses
The conditions for zi,2 to be a valid instrument for di,2 are:

1 First stage E[di|zi,2 = 1] − E[di|zi,2 = 0] ̸= 0.

2 Independence Yd
i (z), di(z) ⊥ zi,2, ∀ d ∈ {0, 1, 2}, z ∈ {0, 1}.

3 Exclusion Yd
i (z) = Yd

i , ∀ d ∈ {0, 1, 2}, z ∈ {0, 1}.
Under (1,2,3) and assuming constant treatment effect, zi,2 is a valid instrument.
If we allow individual heterogeneity, then we need to assume monotonicity
(Imbens and Angrist 1994; Angrist, Imbens, and Rubin 1996), with slights
modifications from the usual case.

Extended monotonicity
No family belongs to one of the following group:

1 P-defiers : Di(1) = 0, Di(0) = 2;

2 C-defiers : Di(1) = 1, Di(0) = 2;

3 A-switchers: Di(1) = 0, Di(0) = 1;

4 B-switchers: Di(1) = 1, Di(0) = 0;
This assumption can also be written as such:

Pr
(

Pr
(
di(1) = 1

)
≤ pr

(
di(0) = 1

))
= Pr

(
Pr

(
di(1) = 0

)
≤ pr

(
di(0) = 0

))
= 1
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Table: Sub-populations with potential values of z2i

z2i = 0

z2i = 1

Di(0) = 0 Di(0) = 1 Di(0) = 2

Di(1) = 0 P always
takers (A) (C)

Di(1) = 1 (B) C always
takers (D)

Di(1) = 2 P compliers C compliers D always
takers
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Local average treatment
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Identification
Assuming “First stage”, “independance”, “exclusion” and “Monotonicity” hold
true, the local average treatment effect of daycare, here called LATEδ, is
identified and given by:

LATE∅
δ =

E[Yi|zi,2 = 1]− E[Yi|zi,2 = 0]

E[di = 2|zi,2 = 1]− E[di = 2|zi,2 = 0]
(5)

=E[Yi
2 − Y∅

i︸ ︷︷ ︸
δ∅i

|di(1) = 2, di(0) = ∅] (6)
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Sub-Lates
Kline and Walters (2016) show that:

LATE∅
δ = S0Lateδ2 + (1− S0)Late∆ (7)

Where
• Lateδ2 = E[Yi2 − Y0

i |di(1) = 2, di(0) = 0]

• Late∆ = E[Y2
i − Y1

i |di(1) = 2, di(0) = 1]

are the local average treatment effects on compliers with different next best
alternative and:

S0 =
Pr

(
di(1) = 2, di(0) = 0

)
Pr

(
di(1) = 2, di(0) = ∅

)
is the fraction of compliers who would have chosen parental care.

• Problem: The sub-Lates are not identified, and wouldn’t be
without extra information or hypothesis, even if we had an
instrument for childminder (Kirkeboen, Leuven, and Mogstad
2016).
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Identifying sub-Lates

Case without a specific instrument for childminder
• Conditional LATE with constant treatment effect conditional on x (Kline

and Walters 2016)
• Principal stratification using 1st stage heterogeneity between strata (e.g.

with/without grand-parents around) and constant treatment effect by
strata. (Hull 2018)

• Multi-sites fixed effects interacted with random assignment, with mean
independence between compliance rate and treatment effect (Kline and
Walters 2016; Yuan, Feller, and Miratrix 2019)

• Set identification à la Manski (1990) - used in similar setting by Berkes and
Bouguen (2019) for preschool building.

Appart from set identification, fairly strong hypotheses.
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Identifying sub-Lates

Case with a specific instrument for childminder
• Extended monotonicity with a testable implication (Behaghel, Crépon, and

Gurgand 2013)
• Observing families next best alternative and conditioning the coefficient on

subgroups with similar next best alternatives (Kirkeboen, Leuven, and
Mogstad 2016)

Potential contribution to the litterature
• Main issue is that we do not observe latent type of families i.e. next best

alternative.
• If we could predict families next best alternative (using machine learning for

instance), what would we find if we were to define principal strata based on
predicted next best alternative ?

• Extension of endogenous stratification (Abadie, Chingos, and West 2018) to
treatment status and not outcomes.
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Open questions

On the use of algorithms
• Could we use more data (especially those with P = 1) to gain

power and validity ?
• e.g. Combine 1st choice instrument with instrument for any

offer ? How to use the propensity score then ?
• Structural choice model for childcare arrangement ?

External validity
• Our model pool together and average over “marginal” families

from different cities, which may be different (especially when the
criteria defining priorities are different)

• How do we interpret it ? What are the policy implications in
that case ?

• Could we say something that is valid for a broader population ?
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Figure: Timeline of the experiment

2020 2021 2022 2023 2024

Pilot
Algorithm assignment

Daycare
Early pre-school

Pre-school
Parents’ survey - round I

24 months’ assessment
Parents’ survey - round II

36 months’ assessment
Parents’ survey - round III

Main sample
Algorithm assignment

Daycare
Early pre-school

Pre-school
Parents’ survey - round I

24 months’ assessment
Parents’ survey - round II

36 months’ assessment
Parents’ survey - round III
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Measurement of parents’ outcomes
• No baseline survey
• Surveys in spring each years for 3 years
• Main characteristics of parents (education, family structure and

size, etc.)
• Labour market outcomes using labor force survey items
• Time use on children-related activities
• Subjective well-being and life satisfaction
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Measurement of parents’
outcomes

Measuring well-being
• Items from world value survey

• ”All things considered, how satisfied are you with your life as a whole these days
?” 1/10 Likert scale from dissatisfied to Satisfied

• ”How satisfied are you with the financial situation of your household? if 1 means
you ae completely dissatisfied on this scale and 10 means you are completely
satisfied, where would you put your satisfaction with your household’s financial
situation ?”

• Taking all things together would you say you are “very happy”, “quite happy”,
“not very happy” “not happy at all” ?

• Satisfaction with life scale, with factorial analysis to construct a score.
• Hedonic wellbeing ”recall of yesterday”.

• Assessment Method: mood adjectives:
• Format #1: Did the adjective: 3= Definitely applied to today’s mood, 2=

Slightly applied to today’s mood, 1= Did not apply to today’s mood
• Format #2: “To what extent did you experience this affect during the day?”

0=None 2=Slightly 4=Moderately 6=Extremely
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Figure: Different measures of a child’s development (Fernald et al. 2017)
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Measurement of children outcomes
• Behavior measures of ability tests by parents

• MacArthur Bates child development index, short version adapted
in French (Kern et al. 2010)

• Phone interview when child is 24 months.
• Direct child assessment

• Thanks to Sylvana Coté, we have a pretty good idea of the
available tests, what they measure and how.

• Need to decide which instrument to use, considering time and
cost constraints.

• Likely Bayley scales of infant development and/or Wechsler
intelligence scale for children

• Age 3 and above.



Project ISAJE

Combe & Heim

Introduction

What we have
done so far, and
what is coming
next

Matching
algorithm as a
research design

Measurement of
children and
parents main
outcomes
A prospective
timeline

Measurement of
parents’ outcomes

Measurement of
children outcomes

Open questions

References

Appendices

Measurement of children and
parents main outcomes

D score: a unified framework to measure children development
• Ann M Weber et al. 2019. “The D-Score: A Metric for

Interpreting the Early Development of Infants and Toddlers
across Global Settings.” BMJ Glob Health 4, no. 6 (November)

• Suggested by Pr. Karen Macours in my thesis committee
• “Children learn to walk, speak, and think at an astonishing pace.

The D-score captures this process as a one-number summary”.
• The D-score is a numerical score that measures generic

development in children. One may use the D-score to analyze
and predict development of children similar to measures like
height and weight.

• Use items of standard assessment tools and feed them to a Rash
models.

• Github repository and R package, open book and manual.
• Surprising cross country validity

https://github.com/D-score/dscore
https://stefvanbuuren.name/dbook1/
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Figure: D score by age across countries (Weber et al. 2019)
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Open questions
• Shall we select a subset of families (e.g. up to 18 months when entering

daycare) ?
• Other outcomes we should try to measure ?
• D score or usual scales ?
• Power and sample size: How many cities should we target to have sufficient

power ?
• Power calculation must account for multiple outcomes, heterogeneity w.r.t.

social origin, and our design effect (hard to grasp).
• Ichino, Fort, and Zanella (2019) measure the impact of daycare using a RDD

and use a sub-sample of only 480 families (response rate: 33 %)
• Test heterogeneity according to income.
• Enough power ? I don’t think so. Survey by Ioannidis, Stanley, and

Doucouliagos (2017) show that the median statistical power in 159 empirical
economics research is 18 %.

• Right now, budget for 1st round survey with all families (including p=0 &
p=1) : 10 000 families and follow-up and children evaluation for 3000 of
them.
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Figure: Shift in daycare supply (Pora 2020)
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Figure: Event study impact on labor earnings (Pora 2020)
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Figure: Event study impact on supply of individual childcare (Pora 2020)
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