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Plan for today

These slides are in two parts:
P slides from a concrete research project of mine

P generalizing that project to a data science idea: sample
splitting to select an estimator
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Measuring the predictability of life outcomes with
a scientific mass collaboration
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Initial sequencing and analysis of the
human genome

International Human Genome Sequencing Consortium*

* A partial list of authors appears on the opposite page. Affiliations are listed at the end of the paper.
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Combined Measurement of the Higgs Boson Mass in pp Collisions at /s = 7 and 8 TeV
with the ATLAS and CMS Experiments
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(Received 25 March 2015; published 14 May 2015)

https://doi.org/10.1103/PhysReviett.114.191803
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Can we harness the power of mass collaboration in social science?
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& Child Wellbeing Study

PRINCETON | COLUMBIA

:_[FFragﬂe ﬂ il ME@; i
Families A ﬁ

» Birth cohort panel study
» = 5,000 children born in 20 U.S. cities
» Followed from birth through age 15
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Six age 15 outcomes:
> GPA
» Material Hardship
> Grit
» Evicted
» Job training
>

Job loss
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12,000 features 6 outcomes

birth to age 9 age 15
3 Training
€
8
S | Leaderboard
Al
<
Holdout
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441 registered participants
» social scientists and data scientists

» undergraduates, grad students, and professionals
> many working in teams
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How did they do?
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Best algorithms were not very accurate
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Squared error
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What do these results mean for policy and for science?
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For policymakers,
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For policymakers,

— Do not assume that predictive algorithms are accurate
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— Transparent evaluation of any algorithm is needed
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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
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For scientists: A paradox of prediction and understanding
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For scientists: A paradox of prediction and understanding

These data have
generated
understanding...

N
(hundreds of papers)
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These data have ...yet the very same data
generated did not yield accurate
understanding... predictions
N /7
(hundreds of papers) (our result)
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For scientists: A paradox of prediction and understanding

These data have ...yet the very same data
generated did not yield accurate
understanding... predictions

N /7
(hundreds of papers) (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
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For scientists: The value of mass collaboration
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For scientists: The value of mass collaboration

A credible estimate of predictability

lan Lundberg (UCLA)



For scientists: The value of mass collaboration

A credible estimate of predictability

The common task framework does not end
with choosing the winner
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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
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Generalizing: Estimator selection by
sample splitting
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Task

» 10 sampled players per MLB team

P estimate the mean salary among the Dodgers
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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
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In—-sample and out-of-sample measures of predictive performance

Nearest neighbor estimator applied to repeated samples of 10 players per team.
Curves are smoothed estimates over simulation results.

Evaluation set

Out of sample cases

—o— Same cases used for learning

Mean Squared Prediction Error

0 10 20 30
Neighboring Teams Included in Mean
<- more flexible model more pooled model —>
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You have one sample.
How do you estimate out-of-sample performance?
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Sampled
Cases
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Predictors

Outcome

Randomly
Assigned To

. Train Set
. Test Set



Training Cases:
Used to learn
the model

Test Cases:
Used to evaluate
the model

lan Lundberg (UCLA)

Predictors

Learn
Predictions

\

o
c
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Exercise: Conduct a sample split in code

Sample 10 players per team

Take a 50-50 sample split stratified by team
Fit a linear regression in the train set
Predict in the test set

AR A

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 1
Fold 2
Fold 3
Fold 4

Fold 5
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Cross Validation

Randomize Iteratively use each as the test set
to 5 folds

Fold 1
Fold 2
Fold 3
Fold 4

Fold 5
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Cross Validation

Randomize Iteratively use each as the test set
to 5 folds

Fold 1 Train

Fold 2 Train
Fold 3 Train
Train

Fold 4

Fold 5 Test
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Cross Validation

Randomize Iteratively use each as the test set
to 5 folds

Fold 1 Train Train

Fold 2

Train Train

Fold 3 Train Train

Train

Fold 4

Fold 5 Test Train
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Cross Validation

Randomize Iteratively use each as the test set
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Fold 1 Train Train Train
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Train Train Train
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Cross Validation
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Fold 1 Train Train Train Train
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Cross Validation

Randomize Iteratively use each as the test set
to 5 folds

Fold 1 Train Train Train Train

Fold 2 Train Train Train Test Train

Fold 3 Train Train Test Train Train

Fold 4 Train

Train Test Train Train

Fold 5

Train

Test Train Train Train
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Cross Validation

Randomize Iteratively use each as the test set
to 5 folds

Fold 1 Train Train Train Train

Fold 2 Train Train Train Test Train

Fold 3 Train Train Test Train Train

Fold 4 Train

Train Test Train Train

Fold 5

Train

Test Train Train Train

Average prediction error over folds
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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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Forest OoLS Tree
$10.00m

$7.50m

$5.00m

$2.50m

Team Average Salary This Season

$2m $4m $6m $8m $2m $4m $6m $8m  $2m $4m $6m $8m
Team Average Salary Last Season
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4.4e+13

4.3e+13

Mean Squared Error
(Test Set)

lan Lundberg (UCLA)

]
[ J
Forest OoLS Tree
Estimator

@ Not Best Algorithm
@ Best Algorithm



Learning goals for today

By the end of class, you will be able to

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

Notmissing | [ 26.9%
Missing (NAs) - 17.1%

Variable -9 Notin Wave 16.7%
-80utof Range{  0.0%
> -7NA I 1.1%
€
s ssco| [ 22
©
0O _5Not Asked 2%

B3

0.
-4 Multiple Ans{ 0.0
. Missing . Not missing =3 Missing - 12.2%
-2 Don't know | 0.3%

-1 Refused 0.1%

(a) 0% 10% 20% 30% 40%
Percent of total data

(b)

Fig. S1. Missing entries in the Fragile Families Challenge background dataset. The Fragile
Families Challenge background dataset had 4,242 rows and 12,942 columns (plus an ID number). Of the
approximately 55 million distinct data entries, about 73% were missing. There were many types of missing

entries.
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Age 15 Age 9 questions Response values  Reporter  How aggregated
outcome
apa At the most recent grading period, what was your Clil Roversecodod and
grado in 1A weraged. Marked NA if
1. English or language arts? 2B ny om mising due t0 10
Math? 3 c eeado, pasfai, ey
D don't know, homeschooled,
o ot interviewed,
Grit Ol Revosecoded and

Material
hardship

Eviction

2 Onee 1 maks a pln t0 ot somothing done, | ik
ot

3. 1 finish whatever I begin.

4 T am a hard worker

Wo ol nteraie in some of the problen

%

1. Did you receive free food or meals?
Were you evr bungry, but ddn'tcat bocause you
couldn't afford food?

5. Dl vou over o ey she ol ot of rnt
mortgage payment

4. Wore you evite rom your home. o aparment
for notpaving the oo o ot

voc 0 pay the hll o of gae, o, or

ety i

6. Was your gas or electric services ever turned off,
o tho benting i compuny did nt dellver ol
b.ﬁ.u. ough money to pay the

7. Did you borrow money from friends or family (o
oS i b
in with other poople even for a
16600 whils becaues of Aancal proble st

0 becauso of the cost?
11 Was your eephone servio (mobileor I lne)
cancslod or disconnetod by th taephone
e there wasn't enough money to
Dy the bl

1. Tn the past twelve months, were you evicted
Jour hame oF apartment o not peyig the reat ot

2. (If no above) Sinco [month and yoar of interviow
at approximately child age 9], were you ovicted

from your home or apartment fo o paying sho
rent or mort
Stnce oty we poue o tnerview ot erprosinatly
i age D), Have you boon i of o
mplayer for any time?

Sincn month and you o interviow . approxmatly

child age 9], have you classos to improve

your m iy s o ot et o eresy
Clas

e Marked NA i
 item miseing due
ml\llnl don'C o, or ook

3. Somewhat
disagrec

Strongly
disagree

Avoragod. Marked NA if
any rosponse missing due

0. Event did not
o to rofusal, don't know, or

1. Event not interviewed.
ocenrred
Child's 1 no to both questios
0. No primary ymu.mnm.w., i
1 Yes carogiver  Marked NA if missing due
to rofusal, don't know, or
not interviewed.
Child's  Marked NA if missing due
No primary  to refusal, don't know, o
1. Yo carogiver  not interiowod.
Marked XA i mising duo
0. No rofusal, don't know, o
1 Yes o bty

Table 83. Outcome variables

measured at child age 15.
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Material hardship GPA Grit
0.82-e2 4.00- -e78 4.00{ —e 339
4 3.75- 873 3.751 —e225
0.787¢¢ 3501 —e128 3501 —e 220
0.644 @11 3.25{ —e 170 3.254 —e 271
0.554 @26 3.004 —e157 3.004 —e 200
0.451 58 2 e 2754 e 86
0.36 @61 2054 —e 114 2504 ©35
0.27 4 -e 104 2.004 62 3(2)8- :::
J 1.754 @56 .00
0E>0.18 _._.m 1.504 @34 1.75 05
5 0097 —e248 125407 15042
0 000 —es807 1.00{®5 1.254e1
=
E, Eviction Job training Layoff
=
<
=
1.004 -e87 1.00{ —e343 1.00{ —o 267
0.00 ———————0 1372 0.00 —————— e 1,118 0.004 ————— 1,010
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00

Proportion of training sample
(annotations provide count)

Fig. S2. Distribution of outcomes in the training set. The number of missing cases for each outcome
varied (Table [4) and are excluded here.
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Appendix

Academic background Professional background

Discipline Type

(a) (b)

Fig. S3. Self-reported disciplinary affiliation and professional background of applicants. Each
applicant could select as many of these as applied. See [18] for a copy of the application.
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Appendix

Material Job
Restriction hardship GPA Grit Eviction training Layoff
Valid submissions 160 160 160 160 160 160
Submissions different from the 122 128 121 111 117 112
mean of the training data
Qualifying submissions (better 92 98 65 48 42 42
than the mean of the training
data)

Table S5. Submission restrictions. Many of our analyses use either the full set of 160 valid submissions,
the restricted set of submissions for which at least one prediction was at least 10~* away from the mean of
the training data, or the restricted set of qualifying submissions, which are the submissions that were more
accurate than the mean of the training data.
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A) Performance of benchmark and best submissions.
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B) Absolute improvement of the best over the benchmark.
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Fig. $6. Maximum R}, 40, relative to benchmark models. Horizontal lines indicate the value that
would be realized if the best submission and the benchmark had equal performance.
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Fig. S8. Comparison of individual-level predictions for the best submissions and benchmark
models. Although the best submissions and benchmark models have similar Ry, they do not have

equivalent individual-level predictions.
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Fig. S9. Many qualifying submissions have worse predictive performance than the benchmark
model.
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Fig. S11. Maximum R}, ., relative to alternative estimators of out-of-sample error. Model
(A) is the best-scoring submission to the Challenge, evaluated on the same set used to select it. Error bars
approximate the sampling distribution of this estimate by the middle 95% of bootstrap draws, with selection
and evaluation performed within each bootstrap draw. Model (B) splits the holdout set into selection
and evaluation samples, selects the best model on the selection sample, and evaluates it on the evaluation
sample, and averages over 100 repetitions of this procedure as described in Section This approach
avoids overfitting in the model selection stage. Model (C) uses the same sample splitting procedure as (B)
but creates a weighted average of submissions as described in Section Confidence intervals in (B) and

Grit  Evicion  Job  Layoff
training

(C) are analytic as described in Sections [S2.4 and [S2.5
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Fig. S15. The R}y, 140, of many submissions are similar. The best model is not enormously better than the next-best model. Figure shows

all qualifying submissions.
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Fig. S21. Participant reports of learning algorithms used.
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