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Plan for today

These slides are in two parts:

▶ slides from a concrete research project of mine

▶ generalizing that project to a data science idea: sample
splitting to select an estimator
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Jeremy Freesegg, Tejomay Gadgilmm, Josh Gagnégg, Yue Gaonn, Andrew Halpern-Mannersbb, Sonia P. Hashimy,
Sonia Hausengg, Guanhua Heoo, Kimberly Higueragg, Bernie Hoganpp, Ilana M. Horwitzqq, Lisa M. Hummelgg,
Naman Jainx, Kun Jinrr , David Jurgensss, Patrick Kaminskibb,tt, Areg Karapetyanuu,vv, E. H. Kimgg, Ben Leizmany,
Naijia Liuz, Malte Mösery, Andrew E. Mackz, Mayank Mahajany, Noah Mandellww, Helge Marahrensbb,
Diana Mercado-Garciaqq, Viola Moczxx, Katariina Mueller-Gastellgg, Ahmed Musseyy, Qiankun Niuee, William Nowakzz,
Hamidreza Omidvaraaa, Andrew Ory, Karen Ouyangy, Katy M. Pintobbb, Ethan Porterccc, Kristin E. Porterddd,
Crystal Qiany, Tamkinat Raufgg, Anahit Sargsyaneee, Thomas Schaffnery, Landon Schnabelgg, Bryan Schonfeldz,
Ben Senderfff, Jonathan D. Tangy, Emma Tsurkovgg, Austin van Loongg, Onur Varolggg,hhh , Xiafei Wangiii, Zhi Wanghhh,jjj,
Julia Wangy, Flora Wangfff, Samantha Weissmany, Kirstie Whitakerkkk,lll, Maria K. Woltersmmm, Wei Lee Woonnnn,
James Wuooo, Catherine Wuy, Kengran Yangaaa, Jingwen Yinll, Bingyu Zhaoppp, Chenyun Zhull, Jeanne Brooks-Gunnqqq,rrr,
Barbara E. Engelhardty,ii, Moritz Hardtsss, Dean Knoxz, Karen Levyttt, Arvind Narayanany, Brandon M. Stewarta,
Duncan J. Wattsuuu,vvv,www , and Sara McLanahana,1

Contributed by Sara McLanahan, January 24, 2020 (sent for review October 1, 2019; reviewed by Sendhil Mullainathan and Brian Uzzi)

How predictable are life trajectories? We investigated this ques-
tion with a scientific mass collaboration using the common task
method; 160 teams built predictive models for six life outcomes
using data from the Fragile Families and Child Wellbeing Study, a
high-quality birth cohort study. Despite using a rich dataset and
applying machine-learning methods optimized for prediction, the
best predictions were not very accurate and were only slightly
better than those from a simple benchmark model. Within each
outcome, prediction error was strongly associated with the family
being predicted and weakly associated with the technique used
to generate the prediction. Overall, these results suggest practical
limits to the predictability of life outcomes in some settings and
illustrate the value of mass collaborations in the social sciences.

life course | prediction | machine learning | mass collaboration

Social scientists studying the life course have described social
patterns, theorized factors that shape outcomes, and esti-

mated causal effects. Although this research has advanced sci-
entific understanding and informed policy interventions, it is
unclear how much it translates into an ability to predict indi-
vidual life outcomes. Assessing predictability is important for
three reasons. First, accurate predictions can be used to target
assistance to children and families at risk (1, 2). Second, pre-
dictability of a life outcome from a person’s life trajectory can
indicate social rigidity (3), and efforts to understand differences
in predictability across social contexts can stimulate scientific dis-
covery and improve policy-making (4). Finally, efforts to improve
predictive performance can spark developments in theory and
methods (5).

In order to measure the predictability of life outcomes for
children, parents, and households, we created a scientific mass
collaboration. Our mass collaboration—the Fragile Families
Challenge—used a research design common in machine learn-
ing but not yet common in the social sciences: the common task
method (6). To create a project using the common task method,
an organizer designs a prediction task and then recruits a large,
diverse group of researchers who complete the task by predicting
the exact same outcomes using the exact same data. These pre-

dictions are then evaluated with the exact same error metric that
exclusively assesses their ability to predict held-out data: data
that are held by the organizer and not available to participants.
Although the structure of the prediction task is completely stan-
dardized, participants are free to use any technique to generate
predictions.

The common task method produces credible estimates of
predictability because of its design. If predictability is higher
than expected, the results cannot be dismissed because of con-
cerns about overfitting (7) or researcher degrees of freedom (8).
Alternatively, if predictability is lower than expected, the results
cannot be dismissed because of concerns about the limitations
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A. Ershov,273,‡ A. Gribushin,273,‡ V. Klyukhin,273,‡ O. Kodolova,273,‡ I. Lokhtin,273,‡ I. Myagkov,273,‡ S. Obraztsov,273,‡
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N. Tyurin,274,‡ A. Uzunian,274,‡ A. Volkov,274,‡ P. Adzic,275,yyy,‡ M. Ekmedzic,275,‡ J. Milosevic,275,‡ V. Rekovic,275,‡
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V. Sharma,304,‡ S. Simon,304,‡ M. Tadel,304,‡ Y. Tu,304,‡ A. Vartak,304,‡ S. Wasserbaech,304,vvvv,‡ C. Welke,304,‡

F. Würthwein,304,‡ A. Yagil,304,‡ G. Zevi Della Porta,304,‡ D. Barge,305,‡ J. Bradmiller-Feld,305,‡ C. Campagnari,305,‡

A. Dishaw,305,‡ V. Dutta,305,‡ K. Flowers,305,‡ M. Franco Sevilla,305,‡ P. Geffert,305,‡ C. George,305,‡ F. Golf,305,‡

L. Gouskos,305,‡ J. Gran,305,‡ J. Incandela,305,‡ C. Justus,305,‡ N. Mccoll,305,‡ S. D. Mullin,305,‡ J. Richman,305,‡ D. Stuart,305,‡

I. Suarez,305,‡ W. To,305,‡ C. West,305,‡ J. Yoo,305,‡ D. Anderson,306,‡ A. Apresyan,306,‡ A. Bornheim,306,‡ J. Bunn,306,‡

Y. Chen,306,‡ J. Duarte,306,‡ A. Mott,306,‡ H. B. Newman,306,‡ C. Pena,306,‡ M. Pierini,306,‡ M. Spiropulu,306,‡

J. R. Vlimant,306,‡ S. Xie,306,‡ R. Y. Zhu,306,‡ V. Azzolini,307,‡ A. Calamba,307,‡ B. Carlson,307,‡ T. Ferguson,307,‡

Y. Iiyama,307,‡ M. Paulini,307,‡ J. Russ,307,‡ M. Sun,307,‡ H. Vogel,307,‡ I. Vorobiev,307,‡ J. P. Cumalat,308,‡ W. T. Ford,308,‡

A. Gaz,308,‡ F. Jensen,308,‡ A. Johnson,308,‡ M. Krohn,308,‡ T. Mulholland,308,‡ U. Nauenberg,308,‡ J. G. Smith,308,‡

K. Stenson,308,‡ S. R. Wagner,308,‡ J. Alexander,309,‡ A. Chatterjee,309,‡ J. Chaves,309,‡ J. Chu,309,‡ S. Dittmer,309,‡

N. Eggert,309,‡ N. Mirman,309,‡ G. Nicolas Kaufman,309,‡ J. R. Patterson,309,‡ A. Rinkevicius,309,‡ A. Ryd,309,‡

L. Skinnari,309,‡ L. Soffi,309,‡ W. Sun,309,‡ S. M. Tan,309,‡ W.D. Teo,309,‡ J. Thom,309,‡ J. Thompson,309,‡ J. Tucker,309,‡

Y. Weng,309,‡ P. Wittich,309,‡ S. Abdullin,310,‡ M. Albrow,310,‡ J. Anderson,310,‡ G. Apollinari,310,‡ L. A. T. Bauerdick,310,‡

A. Beretvas,310,‡ J. Berryhill,310,‡ P. C. Bhat,310,‡ G. Bolla,310,‡ K. Burkett,310,‡ J. N. Butler,310,‡ H.W. K. Cheung,310,‡

F. Chlebana,310,‡ S. Cihangir,310,‡ V. D. Elvira,310,‡ I. Fisk,310,‡ J. Freeman,310,‡ E. Gottschalk,310,‡ L. Gray,310,‡ D. Green,310,‡

S. Grünendahl,310,‡ O. Gutsche,310,‡ J. Hanlon,310,‡ D. Hare,310,‡ R.M. Harris,310,‡ J. Hirschauer,310,‡ B. Hooberman,310,‡

Z. Hu,310,‡ S. Jindariani,310,‡ M. Johnson,310,‡ U. Joshi,310,‡ A.W. Jung,310,‡ B. Klima,310,‡ B. Kreis,310,‡ S. Kwan,310,,‡

S. Lammel,310,‡ J. Linacre,310,‡ D. Lincoln,310,‡ R. Lipton,310,‡ T. Liu,310,‡ R. Lopes De Sá,310,‡ J. Lykken,310,‡

K. Maeshima,310,‡ J. M. Marraffino,310,‡ V. I. Martinez Outschoorn,310,‡ S. Maruyama,310,‡ D. Mason,310,‡ P. McBride,310,‡
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L. Uplegger,310,‡ E.W. Vaandering,310,‡ C. Vernieri,310,‡ M. Verzocchi,310,‡ R. Vidal,310,‡ A. Whitbeck,310,‡ F. Yang,310,‡
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L. Muniz,311,‡ D. Rank,311,‡ L. Shchutska,311,‡ M. Snowball,311,‡ D. Sperka,311,‡ S. j. Wang,311,‡ J. Yelton,311,‡
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Can we harness the power of mass collaboration in social science?

Ian Lundberg (UCLA)



Life course

Early
experiences

Later
outcomes

Ian Lundberg (UCLA)



Life course

Early
experiences

Later
outcomes

Standard social science practice

– Describe social patterns

– Theorize important factors

– Estimate causal effects

Ian Lundberg (UCLA)



Life course

Early
experiences

Later
outcomes

Standard social science practice

– Describe social patterns

– Theorize important factors

– Estimate causal effects

Open questions

Ian Lundberg (UCLA)



Life course

Early
experiences

Later
outcomes

Standard social science practice

– Describe social patterns

– Theorize important factors

– Estimate causal effects

Open questions

– Can we predict
individual life
outcomes?

Ian Lundberg (UCLA)



Life course

Early
experiences

Later
outcomes

Standard social science practice

– Describe social patterns

– Theorize important factors

– Estimate causal effects

Open questions

– Can we predict
individual life
outcomes?

– Credibility

Ian Lundberg (UCLA)



Life course

Early
experiences

Later
outcomes

Standard social science practice

– Describe social patterns

– Theorize important factors

– Estimate causal effects

Open questions

– Can we predict
individual life
outcomes?

– Credibility

Predictor variables

C
a
se
s

Outcomes

Ian Lundberg (UCLA)



Life course

Early
experiences

Later
outcomes

Standard social science practice

– Describe social patterns

– Theorize important factors

– Estimate causal effects

Open questions

– Can we predict
individual life
outcomes?

– Credibility

Predictor variables

C
a
se
s

Outcomes

Ian Lundberg (UCLA)



Life course

Early
experiences

Later
outcomes

Standard social science practice

– Describe social patterns

– Theorize important factors

– Estimate causal effects

Open questions

– Can we predict
individual life
outcomes?

– Credibility

Predictor variables

C
a
se
s

Outcomes

Ian Lundberg (UCLA)



Life course

Early
experiences

Later
outcomes

Standard social science practice

– Describe social patterns

– Theorize important factors

– Estimate causal effects

Open questions

– Can we predict
individual life
outcomes?

– Credibility

Predictor variables

C
a
se
s

Outcomes

Ian Lundberg (UCLA)



▶ Birth cohort panel study

▶ ≈ 5,000 children born in 20 U.S. cities

▶ Followed from birth through age 15

Ian Lundberg (UCLA)



Ian Lundberg (UCLA)



Ian Lundberg (UCLA)



Six age 15 outcomes:

▶ GPA

▶ Material Hardship

▶ Grit

▶ Evicted

▶ Job training

▶ Job loss
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441 registered participants

▶ social scientists and data scientists

▶ undergraduates, grad students, and professionals

▶ many working in teams

Ian Lundberg (UCLA)



How did they do?
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What do these results mean for policy and for science?
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For policymakers,

– Do not assume that predictive algorithms are accurate

– Transparent evaluation of any algorithm is needed

– Complex models may not outperform simple models

Ian Lundberg (UCLA)
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For scientists: A paradox of prediction and understanding

These data have
generated
understanding...

(hundreds of papers)

...yet the very same data
did not yield accurate

predictions

(our result)

Resolutions:

1. If understanding implies an ability to predict,
then we do not understand the life course.

2. Perhaps we have understanding despite poor prediction.
– Aggregate description
– Causal effects

3. Our understanding is correct but incomplete.
We need theories that point toward poor prediction

Ian Lundberg (UCLA)
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For scientists: The value of mass collaboration

A credible estimate of predictability

The common task framework does not end
with choosing the winner

There may be other problems we can solve
better collectively than individually

Ian Lundberg (UCLA)
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Generalizing: Estimator selection by
sample splitting
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Task

▶ 10 sampled players per MLB team

▶ estimate the mean salary among the Dodgers

Ian Lundberg (UCLA)



Estimator: k-nearest neighbors

10 sampled players per team

▶ Dodger sample mean might be noisy
▶ Could pool with similar teams defined by past mean salary

▶ Dodgers: 8.39m
▶ 1st-nearest neighbor. NY Mets: 8.34m
▶ 2nd-nearest neighbor. NY Yankees: 7.60m
▶ 3rd-nearest neighbor. Philadelphia: 6.50m

▶ How does performance change with the number of neighbors
included?
▶ measured by mean squared prediction error

Ian Lundberg (UCLA)
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You have one sample.
How do you estimate out-of-sample performance?
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Training Cases:
Used to learn

the model

Test Cases:
Used to evaluate
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Predictors Outcome

Learn
Predictions
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Predictions
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Exercise: Conduct a sample split in code

1. Sample 10 players per team

2. Take a 50-50 sample split stratified by team

3. Fit a linear regression in the train set

4. Predict in the test set

5. Report mean squared error
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Cross Validation

A train test split loses lots of data to testing.

Is there a way to bring it back?
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Cross Validation

Randomize
to 5 folds

Fold 5

Fold 4

Fold 3

Fold 2

Fold 1
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Out-of-sample predictive performance is not just for tuning
parameters.

It can help you choose your algorithm.
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Learning goals for today

By the end of class, you will be able to

▶ understand sample splitting: a common data science
procedure for choosing among many candidate estimators
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