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Parental Responses to Child Endowments



(Very) Old Question

How do parental investments respond to child endowments?

Compensation or Reinforcement?

How this changes as the child ages

And family structure changes

Typical question in studies of intra-household inequality

Becker and Tomes (1976), Tomes (1981), Griliches (1979), 
Behrman et al (1982, 1994), Rosenzweig and Zhang (2009), Pitt 
et al (1990), Yi et al (2015), Berry et al (2022), Giannola (2023), 
Carneiro et al (2024),…



Empirical Strategy - Genetic Lotteries

Mendel’s Laws of Inheritance

Conditional on parental genotype, variation in children’s genotype is 
random

Kong et al (2018), Young et al (2022), Tang et al (2026), many more 

Conley (2023), Sanz de Galdeano and Terskaya (2024), Houmark et al 
(2024), Agostinelli and Weingarten (2025)

We examine parental responses (PI) to randomly assigned genetic 
endowments (GE) of children

𝑃𝑃𝑃𝑃𝑖𝑖 = 𝛼𝛼0 + 𝛼𝛼1𝐺𝐺𝐺𝐺𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑖𝑖 + 𝛼𝛼2𝐺𝐺𝐺𝐺𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚,𝑖𝑖 + 𝛼𝛼3𝐺𝐺𝐺𝐺𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓,𝑖𝑖 + 𝜀𝜀𝑖𝑖



Data

We use this idea in Millenium Cohort Study 

Representative sample from England (UK?)

Detailed data on parental investments and genetic information (and 
child outcomes) on parents and children over their entire childhood

But this research strategy forces us to restrict the sample

Only use White families

Even within White families the sample skewed towards those with 
higher socioeconomic status (since we require data on both parents)



Main Results

Parents reinforce

Better endowments ⟹ Higher investments

Similar impacts across different ages

But reinforcement only observed in families with more than one child

No investment-endowment gradient if single child

Gradient increases with number of siblings

Even after including individual fixed effects

Not driven by family type

Gradient increases with the birth of new siblings

Additional results on endowments, skills and parental beliefs; non-linearity 
in endowment-investment gradients; age and gender differences; reaction 
to different types of genetic endowments



Giannola (2023) – Within household inequality and family size



Empirical Strategy – Mendelian Inheritance
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Typical Implementation

Many outcomes are predicted by multiple (as opposed to single) genes

Most research uses indices of SNPs (𝐺𝐺𝑖𝑖𝑖𝑖): polygenic scores (PGS)

𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑘𝑘 = ∑𝑠𝑠=1𝑆𝑆 𝛾𝛾𝑠𝑠𝑘𝑘𝐺𝐺𝑖𝑖𝑖𝑖, where 𝑘𝑘 is a particular outcome and i is individual

Get 𝛾𝛾𝑠𝑠𝑘𝑘 from large population studies (e.g. UK Biobank, 23andMe)

We will use PGS scores constructed with the BCS genetic data for 
education, cognition, externalization and BMI (can construct more)



Typical Implementation

𝐺𝐺𝑖𝑖𝑖𝑖 = ℎ𝑖𝑖𝑖𝑖
(𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚) + ℎ𝑖𝑖𝑖𝑖

(𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓),

𝑖𝑖 ∈ {𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚, 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓},𝐺𝐺𝑖𝑖𝑖𝑖 ∈ {0,1,2}

𝐸𝐸 𝐺𝐺𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝐺𝐺𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 ,𝐺𝐺𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = 1
2
𝐺𝐺𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑗𝑗 + 1

2
𝐺𝐺𝑓𝑓𝑓𝑓𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑗𝑗

𝐸𝐸 𝑃𝑃𝐺𝐺𝑆𝑆𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑃𝑃𝐺𝐺𝑆𝑆𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 ,𝑃𝑃𝐺𝐺𝑆𝑆𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 = 1
2
𝑃𝑃𝐺𝐺𝑆𝑆𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 + 1

2
𝑃𝑃𝐺𝐺𝑆𝑆𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

𝑃𝑃𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 1
2
𝑃𝑃𝐺𝐺𝐺𝐺𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 + 1

2
𝑃𝑃𝐺𝐺𝐺𝐺𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 + 𝑣𝑣𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑣𝑣𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 - residual variation

(non-mendelian inheritance?)



Typical Implementation

Typical estimate of genetic impacts (of PGS k) on outcome j:

𝑌𝑌𝑖𝑖
𝑘𝑘,𝑗𝑗 = 𝛼𝛼0

𝑘𝑘,𝑗𝑗 + 𝛼𝛼1
𝑘𝑘,𝑗𝑗𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑘𝑘 + 𝛼𝛼2

𝑘𝑘,𝑗𝑗𝑃𝑃𝑃𝑃𝑃𝑃𝑚𝑚𝑚𝑚𝑘𝑘 + 𝛼𝛼3
𝑘𝑘,𝑗𝑗𝑃𝑃𝑃𝑃𝑃𝑃𝑓𝑓𝑓𝑓𝑘𝑘 + 𝜀𝜀𝑖𝑖

𝑘𝑘,𝑗𝑗

𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑘𝑘 - child; 𝑃𝑃𝑃𝑃𝑃𝑃𝑚𝑚𝑚𝑚𝑘𝑘  - mother; 𝑃𝑃𝑃𝑃𝑃𝑃𝑓𝑓𝑓𝑓𝑘𝑘  - father

Ignore gene-environment interactions (to start with)

Most datasets have very incomplete genetic data on parents and children 
(including all the papers mentioned in the previous slide)

Impute parental scores (partly assuming missing at random)



Data

Millenium Cohort Study

Longitudinal study of individuals born in the UK in 2000-2002

Waves 1-7 (ages 0, 3, 5, 7, 11, 14, 17)

The survey includes measure of development, education, health, family 
environments and socioeconomic context across several years

Genetic information on children and parents



Genetic data and analytic sample

Saliva was collected at age 14 from cohort members and, when possible, 
their resident biological parents during home visits.

Genotyping underwent quality control by the Wellcome Trust Sanger 
Institute

These data support polygenic scores and empirical strategies that 
leverage Mendelian inheritance.

Most results today are with the education PGS

At the end will show what happens with other indices



Parental Investments

We built an index using MCS parental investment-related questions 
across childhood and adolescence. 

It is a single latent measure covering care and health, literacy and 
cognition, physical and creative activity, academic support, and 
enrichment.

One index per wave, which implies that the content evolves with child 
development, from basic care to educational and enrichment inputs. 

We will also have an anchored measured comparable across ages

Later measures (holidays abroad, computer access) may be more income 
driven; consider SES controls when interpreting effects.



Parental Investments



Sample Characteristics



𝐸𝐸 𝑃𝑃𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑃𝑃𝐺𝐺𝐺𝐺𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 ,𝑃𝑃𝑃𝑃𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 =
1
2
𝑃𝑃𝐺𝐺𝐺𝐺𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 +

1
2
𝑃𝑃𝐺𝐺𝐺𝐺𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓



Balance: 𝑌𝑌𝑖𝑖,𝑃𝑃𝑃𝑃𝑃𝑃
𝑘𝑘,𝑗𝑗 = 𝛼𝛼0

𝑘𝑘,𝑗𝑗 + 𝛼𝛼1
𝑘𝑘,𝑗𝑗𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑘𝑘 + 𝛼𝛼2

𝑘𝑘,𝑗𝑗𝑃𝑃𝑃𝑃𝑃𝑃𝑚𝑚𝑚𝑚
𝑘𝑘 + 𝛼𝛼3

𝑘𝑘,𝑗𝑗𝑃𝑃𝑃𝑃𝑃𝑃𝑓𝑓𝑓𝑓𝑘𝑘 + 𝜀𝜀𝑖𝑖
𝑘𝑘,𝑗𝑗

 



Balance: 𝑌𝑌𝑖𝑖,𝑃𝑃𝑃𝑃𝑃𝑃
𝑘𝑘,𝑗𝑗 = 𝛼𝛼0

𝑘𝑘,𝑗𝑗 + 𝛼𝛼1
𝑘𝑘,𝑗𝑗𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑘𝑘 + 𝛼𝛼2

𝑘𝑘,𝑗𝑗𝑃𝑃𝑃𝑃𝑃𝑃𝑚𝑚𝑚𝑚
𝑘𝑘 + 𝛼𝛼3

𝑘𝑘,𝑗𝑗𝑃𝑃𝑃𝑃𝑃𝑃𝑓𝑓𝑓𝑓𝑘𝑘 + 𝜀𝜀𝑖𝑖
𝑘𝑘,𝑗𝑗

 



Balance: 𝑌𝑌𝑖𝑖,𝑃𝑃𝑃𝑃𝑃𝑃
𝑘𝑘,𝑗𝑗 = 𝛼𝛼0

𝑘𝑘,𝑗𝑗 + 𝛼𝛼1
𝑘𝑘,𝑗𝑗𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑘𝑘 + 𝛼𝛼2

𝑘𝑘,𝑗𝑗𝑃𝑃𝑃𝑃𝑃𝑃𝑚𝑚𝑚𝑚
𝑘𝑘 + 𝛼𝛼3

𝑘𝑘,𝑗𝑗𝑃𝑃𝑃𝑃𝑃𝑃𝑓𝑓𝑓𝑓𝑘𝑘 + 𝜀𝜀𝑖𝑖
𝑘𝑘,𝑗𝑗

 



Results

Skills and beliefs

There is signal

Parental Investments

Parents reinforce

Siblings

Reinforcement only in families with more than one child

Works even with anchored measure

Reinforcement increases with number of siblings

For the same individual, it increases each time a sibling is born

What do we see in terms of beliefs and siblings?

Learning?

What do we see in terms of skills – beliefs plus reaction of skills to past investments

Really need a dynamic model which you do not have right now

Scarce resources?

Ambiguous effects from model

Empirically no change in gradient correlated with changes in income

Skills-PGS gradient increasing all the way, but the PI-PGS gradient really flattens out

Reaction to endowments is especially large at the bottom

Worst children left behind – double disadvantage (low endowments and low investments); 
middle children less so because at least they get as much investment as the top children

So why isn’t the skills-PGS gradient also larger at the bottom?...

Is this enough?



The education PGS predicts cognitive achievement of children

Cognitive skill is probably something parents can observe



The education PGS predicts cognitive achievement of children



The education PGS predicts behaviour problems of children



The education PGS predicts parental expectations



The education PGS predicts teacher beliefs



Parental Responses to Child Endowments



Parental Responses to Child Endowments



Parental Responses to Child Endowments



Parental Responses to Child Endowments (PI anchored)



More Flexible Models (allow for gene-environment interactions)

Allow child and parent PGS to interact

Impacts of child PGS on cognition are lower when parents have higher 
PGS



More Flexible Models (allow for gene-environment interactions)

Allow child and parent PGS to interact

Impacts of child PGS on SDQ are similar when parents have higher 
PGS



More Flexible Models (allow for gene-environment interactions)

Allow child and parent PGS to interact

Impacts of child PGS on parental investments are similar when parents 
have higher PGS



Parental Responses to Child Endowments - Siblings



Parental Responses to Child Endowments - Siblings



Parental Responses to Child Endowments - Siblings



Parental Responses to Child Endowments - Siblings



Why?

Do parents learn about endowments from observing siblings?

Do tighter resources lead to stronger responses to endowments?

…



Parental Responses to Child Endowments – Beliefs and Siblings



Parental Responses to Child Endowments – Skills and Siblings



Parental Responses to Child Endowments – Income (FE)



Non-linearity? – Cognitive Skills



Non-linearity? – Behaviours



Non-linearity? – Parental Expectations



Non-linearity? – Parental Investments



PGS Cognition



PGS ADHD



PGS Income



Summary

Parental investments reinforce child genetic endowments

Especially strong at the bottom of the distribution of endowments

True mainly for children who have siblings

Especially those with a lot of siblings

Larger impacts of PGS after accounting for family fixed effects

Gene environment interactions

Larger impact of genes on cognition (but not behaviour) for 
children with siblings, possibly through investments

Mainly through the education PGS

More work on what models explain our result
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