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Outline

• Regression trees

• Bagging and random forests

• Lab: using DHS data to predict height-for-age
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Thought Experiment

Suppose X1, X2 and ε are iid standard normal, and let Y = X1 + ε

The variance of Y is 2, so if you predicted Y with the mean of Y , E [MSE ] = 2

Suppose you split the sample based on X2, into an X2 < 0 subsample and an X2 ≥ 0 subsample

What is the expected variance within each subsample?

If you predict Y with the mean in each subsample, what is the expected MSE?

What if you split the sample based on X1, into an X1 < 0 subsample and an X1 ≥ 0 subsample

What is the expected variance within each subsample?

If you predict Y with the mean in each subsample, what is the expected MSE?
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Partitioning the Sample to Reduce (Subsample) Variance

N = 1000

mean = 0.052

variance = 1.998

X1 < 0

N = 488

mean = -0.772

variance = 1.404

X1 ≥ 0

N = 512

mean = 0.838

variance = 1.230

N = 1000

mean = 0.052

variance = 1.998

X2 < 0

N = 478

mean = -0.006

variance = 2.041

X2 ≥ 0

N = 522

mean = 0.107

variance = 1.953

Partitioning on X1 Partitioning on X2
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What Is a Regression Tree?

A regression tree:

• Partitions data into homogeneous leaves (subsamples) through recursive binary splitting

• Each observation is mapped to a single leaf (i.e. a terminal node at the bottom of the tree)

• The predicted outcome Y for observation i in leaf j is the mean in Y in leaf j

If you split at random, then every leaf would be representative of the original sample

• Instead, we split the sample with the intention of reducing within-leave variance in Y
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Building a Regression Tree

• To make the first partition of the sample, we identify the binary split of the data that
leads to the largest reduction in (training) MSE by searching over all the. . .

▶ dummy variables in the data, including dummies for values of categorical variables

▶ When we encode categoricals as dummies, we do not leave one out (one hot encoding)

▶ possible cutoff values s for all the continuous/numeric variables (that partition the sample)

• To make all subsequent splits, we repeat this process for each subsample to identify the
best next split (to reduce MSE) until we reach a maximum depth, minimum leaf size, etc.
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Building a Regression Tree: Example

Example: X1, X2 and ε are iid standard normal, and Y = X1 + ε (so only X1 predicts Y )

squared_error = 1.381
samples = 2486
value = -0.828

squared_error = 1.323
samples = 2514
value = 0.799

X1 <= -0.008
squared_error = 2.013

samples = 5000
value = -0.01

squared_error = 2.013
samples = 4854
value = -0.018

squared_error = 1.935
samples = 146
value = 0.284

X2 <= 1.905
squared_error = 2.013

samples = 5000
value = -0.01
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Building a Regression Tree: Example

squared_error = 1.158
samples = 828
value = -1.571

squared_error = 1.078
samples = 1658
value = -0.456

squared_error = 0.999
samples = 1683
value = 0.439

squared_error = 1.184
samples = 831
value = 1.529

X1 <= -0.999
squared_error = 1.381

samples = 2486
value = -0.828

X1 <= 0.947
squared_error = 1.323

samples = 2514
value = 0.799

X1 <= -0.008
squared_error = 2.013

samples = 5000
value = -0.01

Economics 370: Data Science for Economics (Professor Jakiela) Regression Trees and Random Forests, Slide 8



Building a Regression Tree with the EMERGE Data

• Outcome: literacy

• Variables: household size, mother’s education, (child is) male, height-for-age z-score,
child age in months, receptive vocabulary, expressive vocabulary, fine motor skills

▶ Most important predictors of literacy if we run OLS or lasso or ridge regression:
mother’s education, male dummy, height-for-age z-score, expressive vocabulary

• Sample: N = 1,000 children ages 3 to 6 from rural western Kenya
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Building a Regression Tree with the EMERGE Data: max depth = 1

squared_error = 0.352
samples = 541
value = -0.172

squared_error = 2.142
samples = 59
value = 0.936

expressive <= 1.365
squared_error = 0.637

samples = 600
value = -0.063

data source: EMERGE, N = 1000, Y = literacy, X variables (child age, expressive vocab, fine motor skills, HAZ, HH size, male, mother’s education, receptive vocab)
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Evaluating a Regression Tree

squared_error = 0.352
samples = 541
value = -0.172

squared_error = 2.142
samples = 59
value = 0.936

expressive <= 1.365
squared_error = 0.637

samples = 600
value = -0.063

data source: EMERGE

Does partitioning the sample succeed, generating more
accurate predictions of Y and reducing test MSE?

• Split the data into test/train to assess this

• Benchmark: using mean Y → test MSE of 0.749

• A tree with one split → test MSE of 0.712

• This obviously depends on your variables

▶ expressive is a strong predictor of literacy
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Building a Regression Tree with the EMERGE Data: max depth = 2

squared_error = 0.13
samples = 307
value = -0.343

squared_error = 0.556
samples = 234
value = 0.053

squared_error = 1.711
samples = 50
value = 0.706

squared_error = 2.606
samples = 9

value = 2.214

expressive <= 0.068
squared_error = 0.352

samples = 541
value = -0.172

mom_educ <= 10.5
squared_error = 2.142

samples = 59
value = 0.936

expressive <= 1.365
squared_error = 0.637

samples = 600
value = -0.063

data source: EMERGE, N = 1000, Y = literacy, X variables (child age, expressive vocab, fine motor skills, HAZ, HH size, male, mother’s education, receptive vocab)
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Constraining the Minimum Leaf Size

squared_error = 0.13
samples = 307
value = -0.343

squared_error = 0.556
samples = 234
value = 0.053

squared_error = 1.711
samples = 50
value = 0.706

squared_error = 2.606
samples = 9

value = 2.214

expressive <= 0.068
squared_error = 0.352

samples = 541
value = -0.172

mom_educ <= 10.5
squared_error = 2.142

samples = 59
value = 0.936

expressive <= 1.365
squared_error = 0.637

samples = 600
value = -0.063

No minimum leaf size: test MSE = 0.660

squared_error = 0.13
samples = 307
value = -0.343

squared_error = 0.556
samples = 234
value = 0.053

squared_error = 1.718
samples = 45
value = 0.69

squared_error = 2.69
samples = 14
value = 1.724

expressive <= 0.068
squared_error = 0.352

samples = 541
value = -0.172

mom_educ <= 9.5
squared_error = 2.142

samples = 59
value = 0.936

expressive <= 1.365
squared_error = 0.637

samples = 600
value = -0.063

Minimum leaf size 10: test MSE = 0.637
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Building a Regression Tree with the EMERGE Data: max depth = 3

squared_error = 0.078
samples = 258
value = -0.386

squared_error = 0.34
samples = 49
value = -0.114

squared_error = 0.69
samples = 116
value = 0.23

squared_error = 0.362
samples = 118
value = -0.122

squared_error = 0.537
samples = 15
value = 0.134

squared_error = 2.075
samples = 30
value = 0.969

receptive <= 0.393
squared_error = 0.13

samples = 307
value = -0.343

male <= 0.5
squared_error = 0.556

samples = 234
value = 0.053

expressive <= 1.518
squared_error = 1.718

samples = 45
value = 0.69

squared_error = 2.69
samples = 14
value = 1.724

expressive <= 0.068
squared_error = 0.352

samples = 541
value = -0.172

mom_educ <= 9.5
squared_error = 2.142

samples = 59
value = 0.936

expressive <= 1.365
squared_error = 0.637

samples = 600
value = -0.063

data source: EMERGE, N = 1000, Y = literacy, X variables (child age, expressive vocab, fine motor skills, HAZ, HH size, male, mother’s education, receptive vocab)

Test MSE = 0.615
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Building a Regression Tree with the EMERGE Data: max depth = 4

squared_error = 0.03
samples = 136
value = -0.452

squared_error = 0.122
samples = 122
value = -0.314

squared_error = 0.193
samples = 39
value = -0.242

squared_error = 0.601
samples = 10
value = 0.385

squared_error = 0.321
samples = 73
value = 0.012

squared_error = 1.1
samples = 43
value = 0.6

squared_error = 0.152
samples = 45
value = -0.329

squared_error = 0.448
samples = 73
value = 0.006

squared_error = 0.983
samples = 20
value = 0.703

squared_error = 3.837
samples = 10
value = 1.5

mom_educ <= 7.5
squared_error = 0.078

samples = 258
value = -0.386

haz <= 0.738
squared_error = 0.34

samples = 49
value = -0.114

age_months <= 86.5
squared_error = 0.69

samples = 116
value = 0.23

expressive <= 0.568
squared_error = 0.362

samples = 118
value = -0.122

squared_error = 0.537
samples = 15
value = 0.134

haz <= 1.71
squared_error = 2.075

samples = 30
value = 0.969

receptive <= 0.393
squared_error = 0.13

samples = 307
value = -0.343

male <= 0.5
squared_error = 0.556

samples = 234
value = 0.053

expressive <= 1.518
squared_error = 1.718

samples = 45
value = 0.69

squared_error = 2.69
samples = 14
value = 1.724

expressive <= 0.068
squared_error = 0.352

samples = 541
value = -0.172

mom_educ <= 9.5
squared_error = 2.142

samples = 59
value = 0.936

expressive <= 1.365
squared_error = 0.637

samples = 600
value = -0.063

data source: EMERGE, N = 1000, Y = literacy, X variables (child age, expressive vocab, fine motor skills, HAZ, HH size, male, mother’s education, receptive vocab)

Test MSE = 0.612
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Building a Regression Tree with the EMERGE Data: max depth = 5

squared_error = 0.016
samples = 57
value = -0.367

squared_error = 0.031
samples = 79
value = -0.513

squared_error = 0.028
samples = 34
value = -0.502

squared_error = 0.139
samples = 88
value = -0.241

squared_error = 0.01
samples = 10
value = -0.468

squared_error = 0.232
samples = 29
value = -0.165

squared_error = 0.175
samples = 53
value = -0.09

squared_error = 0.608
samples = 20
value = 0.281

squared_error = 0.63
samples = 26
value = 0.222

squared_error = 1.267
samples = 17
value = 1.178

squared_error = 0.023
samples = 32
value = -0.427

squared_error = 0.389
samples = 13
value = -0.089

squared_error = 0.116
samples = 28
value = -0.222

squared_error = 0.601
samples = 45
value = 0.148

squared_error = 0.989
samples = 10
value = 0.994

squared_error = 0.807
samples = 10
value = 0.412

age_months <= 82.5
squared_error = 0.03

samples = 136
value = -0.452

haz <= -1.557
squared_error = 0.122

samples = 122
value = -0.314

fine_motor <= 5.5
squared_error = 0.193

samples = 39
value = -0.242

squared_error = 0.601
samples = 10
value = 0.385

hh_size <= 6.5
squared_error = 0.321

samples = 73
value = 0.012

expressive <= 0.651
squared_error = 1.1

samples = 43
value = 0.6

haz <= 0.018
squared_error = 0.152

samples = 45
value = -0.329

mom_educ <= 7.5
squared_error = 0.448

samples = 73
value = 0.006

haz <= 0.305
squared_error = 0.983

samples = 20
value = 0.703

squared_error = 3.837
samples = 10
value = 1.5

mom_educ <= 7.5
squared_error = 0.078

samples = 258
value = -0.386

haz <= 0.738
squared_error = 0.34

samples = 49
value = -0.114

age_months <= 86.5
squared_error = 0.69

samples = 116
value = 0.23

expressive <= 0.568
squared_error = 0.362

samples = 118
value = -0.122

squared_error = 0.537
samples = 15
value = 0.134

haz <= 1.71
squared_error = 2.075

samples = 30
value = 0.969

receptive <= 0.393
squared_error = 0.13

samples = 307
value = -0.343

male <= 0.5
squared_error = 0.556

samples = 234
value = 0.053

expressive <= 1.518
squared_error = 1.718

samples = 45
value = 0.69

squared_error = 2.69
samples = 14
value = 1.724

expressive <= 0.068
squared_error = 0.352

samples = 541
value = -0.172

mom_educ <= 9.5
squared_error = 2.142

samples = 59
value = 0.936

expressive <= 1.365
squared_error = 0.637

samples = 600
value = -0.063

data source: EMERGE, N = 1000, Y = literacy, X variables (child age, expressive vocab, fine motor skills, HAZ, HH size, male, mother’s education, receptive vocab)

Test MSE = 0.609
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No Constraints on Depth Can Lead to Over-Fitting

squared_error = 0.042
samples = 10
value = -0.366

squared_error = 0.121
samples = 19
value = -0.196

squared_error = 0.017
samples = 11
value = -0.417

squared_error = 0.033
samples = 10
value = -0.517

squared_error = 0.021
samples = 13
value = -0.491

squared_error = 0.062
samples = 16
value = -0.37

squared_error = 0.015
samples = 14
value = -0.478

squared_error = 0.014
samples = 17
value = -0.579

fine_motor <= 5.5
squared_error = 0.1

samples = 29
value = -0.255

receptive <= -0.939
squared_error = 0.027

samples = 21
value = -0.465

squared_error = 0.034
samples = 14
value = -0.236

squared_error = 0.2
samples = 10
value = 0.036

squared_error = 0.012
samples = 15
value = -0.381

squared_error = 0.016
samples = 14
value = -0.248

squared_error = 0.007
samples = 10
value = -0.357

squared_error = 0.006
samples = 18
value = -0.454

mom_educ <= 6.5
squared_error = 0.048

samples = 29
value = -0.424

haz <= -1.361
squared_error = 0.017

samples = 31
value = -0.533

squared_error = 0.005
samples = 10
value = -0.681

squared_error = 0.01
samples = 10
value = -0.534

squared_error = 0.163
samples = 18
value = -0.16

male <= 0.5
squared_error = 0.08

samples = 50
value = -0.343

squared_error = 0.218
samples = 10
value = 0.108

squared_error = 0.123
samples = 10
value = -0.225

squared_error = 0.301
samples = 12
value = 0.264

mom_educ <= 9.0
squared_error = 0.122

samples = 24
value = -0.123

squared_error = 0.05
samples = 14
value = -0.215

squared_error = 0.286
samples = 15
value = 0.043

expressive <= -0.713
squared_error = 0.018

samples = 29
value = -0.316

age_months <= 75.5
squared_error = 0.008

samples = 28
value = -0.419

squared_error = 0.007
samples = 19
value = -0.614

male <= 0.5
squared_error = 0.035

samples = 60
value = -0.48

squared_error = 0.011
samples = 14
value = -0.353

haz <= -2.293
squared_error = 0.013

samples = 20
value = -0.607

age_months <= 76.5
squared_error = 0.109

samples = 68
value = -0.295

male <= 0.5
squared_error = 0.198

samples = 20
value = -0.058

squared_error = 0.45
samples = 10
value = 0.057

squared_error = 0.078
samples = 19
value = -0.282

squared_error = 0.03
samples = 17
value = -0.292

haz <= 0.182
squared_error = 0.215

samples = 36
value = 0.006

squared_error = 0.142
samples = 10
value = -0.066

squared_error = 0.833
samples = 10
value = 0.628

squared_error = 0.698
samples = 13
value = 0.576

squared_error = 0.313
samples = 13
value = -0.131

squared_error = 0.018
samples = 13
value = -0.33

squared_error = 0.016
samples = 19
value = -0.493

squared_error = 0.09
samples = 13
value = 0.006

squared_error = 0.055
samples = 15
value = -0.42

age_months <= 79.5
squared_error = 0.189

samples = 29
value = -0.082

squared_error = 1.079
samples = 16
value = 0.565

male <= 0.5
squared_error = 0.016

samples = 57
value = -0.367

receptive <= -1.129
squared_error = 0.031

samples = 79
value = -0.513

age_months <= 81.0
squared_error = 0.028

samples = 34
value = -0.502

receptive <= -0.054
squared_error = 0.139

samples = 88
value = -0.241

squared_error = 0.01
samples = 10
value = -0.468

receptive <= 0.526
squared_error = 0.232

samples = 29
value = -0.165

haz <= -0.38
squared_error = 0.175

samples = 53
value = -0.09

age_months <= 81.5
squared_error = 0.608

samples = 20
value = 0.281

expressive <= 0.379
squared_error = 0.63

samples = 26
value = 0.222

squared_error = 1.267
samples = 17
value = 1.178

age_months <= 82.0
squared_error = 0.023

samples = 32
value = -0.427

squared_error = 0.389
samples = 13
value = -0.089

age_months <= 84.0
squared_error = 0.116

samples = 28
value = -0.222

age_months <= 87.5
squared_error = 0.601

samples = 45
value = 0.148

squared_error = 0.989
samples = 10
value = 0.994

squared_error = 0.807
samples = 10
value = 0.412

age_months <= 82.5
squared_error = 0.03

samples = 136
value = -0.452

haz <= -1.557
squared_error = 0.122

samples = 122
value = -0.314

fine_motor <= 5.5
squared_error = 0.193

samples = 39
value = -0.242

squared_error = 0.601
samples = 10
value = 0.385

hh_size <= 6.5
squared_error = 0.321

samples = 73
value = 0.012

expressive <= 0.651
squared_error = 1.1

samples = 43
value = 0.6

haz <= 0.018
squared_error = 0.152

samples = 45
value = -0.329

mom_educ <= 7.5
squared_error = 0.448

samples = 73
value = 0.006

haz <= 0.305
squared_error = 0.983

samples = 20
value = 0.703

squared_error = 3.837
samples = 10
value = 1.5

mom_educ <= 7.5
squared_error = 0.078

samples = 258
value = -0.386

haz <= 0.738
squared_error = 0.34

samples = 49
value = -0.114

age_months <= 86.5
squared_error = 0.69

samples = 116
value = 0.23

expressive <= 0.568
squared_error = 0.362

samples = 118
value = -0.122

squared_error = 0.537
samples = 15
value = 0.134

haz <= 1.71
squared_error = 2.075

samples = 30
value = 0.969

receptive <= 0.393
squared_error = 0.13

samples = 307
value = -0.343

male <= 0.5
squared_error = 0.556

samples = 234
value = 0.053

expressive <= 1.518
squared_error = 1.718

samples = 45
value = 0.69

squared_error = 2.69
samples = 14
value = 1.724

expressive <= 0.068
squared_error = 0.352

samples = 541
value = -0.172

mom_educ <= 9.5
squared_error = 2.142

samples = 59
value = 0.936

expressive <= 1.365
squared_error = 0.637

samples = 600
value = -0.063

data source: EMERGE, N = 1000, Y = literacy, X variables (child age, expressive vocab, fine motor skills, HAZ, HH size, male, mother’s education, receptive vocab)

With no constraints on tree depth, test MSE = 0.645
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With No Constraints on Depth or Minimum Leaf Size, Test MSE = 1.123

squared_error = 0.0
samples = 1

value = -0.348

squared_error = 0.0
samples = 1

value = -0.369

haz <= -0.2
squared_error = 0.0

samples = 2
value = -0.358

squared_error = -0.0
samples = 1

value = -0.326

squared_error = 0.0
samples = 1

value = -0.392

squared_error = 0.0
samples = 1

value = -0.408

squared_error = 0.0
samples = 1

value = -0.599

squared_error = 0.0
samples = 1

value = -0.593

squared_error = 0.0
samples = 1

value = -0.418

mom_educ <= 8.5
squared_error = 0.0

samples = 3
value = -0.347

squared_error = 0.0
samples = 1

value = -0.479

haz <= -0.911
squared_error = 0.0

samples = 2
value = -0.4

squared_error = 0.0
samples = 1

value = -0.497

squared_error = -0.0
samples = 1

value = -0.524

squared_error = 0.0
samples = 1

value = -0.462

squared_error = 0.0
samples = 1

value = -0.467

squared_error = 0.0
samples = 1

value = -0.374

squared_error = 0.0
samples = 1

value = -0.368

squared_error = 0.0
samples = 1

value = -0.486

squared_error = -0.0
samples = 1

value = -0.497

squared_error = 0.0
samples = 1

value = -0.466

squared_error = 0.0
samples = 1

value = -0.464

squared_error = 0.0
samples = 1

value = -0.586

fine_motor <= 4.5
squared_error = 0.0

samples = 2
value = -0.596

squared_error = 0.0
samples = 1
value = -0.37

squared_error = 0.0
samples = 1

value = -0.381

squared_error = 0.0
samples = 1

value = -0.398

squared_error = 0.0
samples = 1

value = -0.326

fine_motor <= 4.5
squared_error = 0.001

samples = 4
value = -0.365

fine_motor <= 5.5
squared_error = 0.001

samples = 3
value = -0.426

squared_error = 0.0
samples = 1
value = -0.44

age_months <= 80.0
squared_error = 0.0

samples = 2
value = -0.511

squared_error = 0.0
samples = 1

value = -0.668

squared_error = 0.0
samples = 1

value = -0.669

squared_error = 0.0
samples = 1

value = -0.326

squared_error = 0.0
samples = 1

value = -0.369

squared_error = 0.0
samples = 1

value = -0.529

squared_error = 0.0
samples = 1

value = -0.533

squared_error = 0.0
samples = 1

value = -0.393

squared_error = 0.0
samples = 1

value = -0.395

hh_size <= 5.5
squared_error = 0.0

samples = 2
value = -0.465

squared_error = -0.0
samples = 1

value = -0.456

squared_error = 0.0
samples = 1

value = -0.381

haz <= -1.813
squared_error = 0.0

samples = 2
value = -0.371

squared_error = 0.0
samples = 1

value = -0.326

squared_error = 0.0
samples = 1

value = -0.305

squared_error = 0.0
samples = 1
value = -0.51

squared_error = 0.0
samples = 1

value = -0.461

squared_error = 0.0
samples = 1

value = -0.438

squared_error = -0.0
samples = 1

value = -0.416

age_months <= 91.0
squared_error = 0.0

samples = 2
value = -0.491

receptive <= 0.03
squared_error = 0.0

samples = 2
value = -0.465

squared_error = 0.0
samples = 1

value = -0.639

squared_error = 0.0
samples = 1
value = -0.66

squared_error = 0.0
samples = 1

value = -0.563

hh_size <= 5.5
squared_error = 0.0

samples = 3
value = -0.593

squared_error = 0.0
samples = 1

value = -0.348

haz <= -0.901
squared_error = 0.0

samples = 2
value = -0.375

squared_error = 0.0
samples = 1

value = -0.547

squared_error = 0.0
samples = 1

value = -0.581

squared_error = 0.0
samples = 1

value = -0.467

squared_error = -0.0
samples = 1

value = -0.479

squared_error = 0.0
samples = 1

value = -0.102

squared_error = 0.0
samples = 1

value = -0.093

age_months <= 76.0
squared_error = 0.001

samples = 2
value = -0.362

squared_error = -0.0
samples = 1

value = -0.239

expressive <= -0.329
squared_error = 0.002

samples = 7
value = -0.391

fine_motor <= 5.5
squared_error = 0.001

samples = 3
value = -0.487

receptive <= -0.347
squared_error = 0.0

samples = 2
value = -0.668

squared_error = -0.0
samples = 1

value = -0.729

squared_error = 0.0
samples = 1

value = -0.381

squared_error = 0.0
samples = 1

value = -0.398

squared_error = 0.0
samples = 1

value = -0.261

age_months <= 77.5
squared_error = 0.0

samples = 2
value = -0.347

squared_error = 0.0
samples = 1
value = -0.15

squared_error = 0.0
samples = 1

value = -0.183

squared_error = 0.0
samples = 1

value = -0.573

male <= 0.5
squared_error = 0.0

samples = 2
value = -0.531

squared_error = 0.0
samples = 1

value = -0.525

squared_error = -0.0
samples = 1

value = -0.515

fine_motor <= 5.5
squared_error = 0.0

samples = 2
value = -0.394

squared_error = 0.0
samples = 1
value = -0.39

age_months <= 89.0
squared_error = 0.0

samples = 3
value = -0.462

squared_error = 0.0
samples = 1

value = -0.393

squared_error = 0.0
samples = 1

value = -0.214

squared_error = -0.0
samples = 1

value = -0.194

squared_error = 0.0
samples = 1

value = 0.027

squared_error = -0.0
samples = 1

value = 0.011

squared_error = 0.0
samples = 1
value = 0.11

squared_error = 0.0
samples = 1

value = 0.009

squared_error = 0.0
samples = 1

value = -0.347

squared_error = 0.0
samples = 1

value = -0.354

squared_error = 0.0
samples = 1

value = -0.254

squared_error = -0.0
samples = 1

value = -0.277

squared_error = 0.0
samples = 1

value = 0.039

squared_error = 0.0
samples = 1

value = 0.273

squared_error = 0.0
samples = 1

value = 0.121

squared_error = -0.0
samples = 1

value = -0.007

squared_error = 0.0
samples = 1

value = -0.004

squared_error = 0.0
samples = 1

value = -0.077

squared_error = 0.0
samples = 1

value = -0.486

squared_error = 0.0
samples = 1

value = -0.324

squared_error = 0.0
samples = 1

value = -0.388

squared_error = -0.0
samples = 1
value = -0.44

squared_error = 0.0
samples = 1

value = -0.361

squared_error = 0.0
samples = 1

value = -0.381

haz <= -3.048
squared_error = 0.0

samples = 3
value = -0.374

squared_error = -0.0
samples = 1

value = -0.389

age_months <= 79.5
squared_error = 0.0

samples = 2
value = -0.316

squared_error = 0.0
samples = 1

value = -0.302

squared_error = 0.0
samples = 1

value = -0.361

squared_error = -0.0
samples = 1
value = -0.41

squared_error = 0.0
samples = 1

value = -0.144

squared_error = 0.0
samples = 1

value = -0.202

age_months <= 90.0
squared_error = 0.001

samples = 2
value = -0.485

squared_error = 0.0
samples = 1

value = -0.668

hh_size <= 4.5
squared_error = 0.0

samples = 2
value = -0.427

hh_size <= 6.5
squared_error = 0.0

samples = 4
value = -0.478

hh_size <= 3.0
squared_error = 0.0

samples = 2
value = -0.65

receptive <= -0.309
squared_error = 0.0

samples = 4
value = -0.585

squared_error = 0.0
samples = 1

value = -0.698

squared_error = 0.0
samples = 1

value = -0.639

squared_error = 0.0
samples = 1

value = -0.384

squared_error = 0.0
samples = 1

value = -0.389

squared_error = 0.0
samples = 1

value = -0.581

squared_error = -0.0
samples = 1

value = -0.599

squared_error = 0.0
samples = 1

value = -0.563

squared_error = -0.0
samples = 1

value = -0.533

male <= 0.5
squared_error = 0.0

samples = 3
value = -0.366

squared_error = 0.0
samples = 1

value = -0.433

receptive <= -1.078
squared_error = 0.0

samples = 2
value = -0.564

haz <= -1.23
squared_error = 0.0

samples = 2
value = -0.473

hh_size <= 6.5
squared_error = 0.0

samples = 2
value = -0.097

haz <= -0.124
squared_error = 0.004

samples = 3
value = -0.321

mom_educ <= 9.5
squared_error = 0.004

samples = 10
value = -0.42

squared_error = -0.0
samples = 2

value = -0.279

squared_error = 0.0
samples = 1

value = -0.515

squared_error = -0.0
samples = 1

value = -0.525

squared_error = 0.0
samples = 1

value = -0.113

squared_error = -0.0
samples = 1

value = -0.058

squared_error = 0.0
samples = 1

value = -0.325

squared_error = -0.0
samples = 1

value = -0.268

haz <= -0.647
squared_error = 0.001

samples = 3
value = -0.689

squared_error = -0.0
samples = 1

value = -0.351

squared_error = 0.0
samples = 1

value = -0.158

squared_error = 0.0
samples = 1

value = -0.101

squared_error = 0.0
samples = 1
value = -0.41

squared_error = 0.0
samples = 1

value = -0.361

age_months <= 73.5
squared_error = 0.0

samples = 2
value = -0.389

squared_error = -0.0
samples = 1

value = -0.348

haz <= -0.249
squared_error = 0.002

samples = 3
value = -0.319

receptive <= 0.751
squared_error = 0.0

samples = 2
value = -0.167

squared_error = 0.0
samples = 1

value = -0.667

squared_error = 0.0
samples = 1

value = -0.604

squared_error = 0.0
samples = 1
value = -0.44

fine_motor <= 5.0
squared_error = 0.0

samples = 3
value = -0.545

male <= 0.5
squared_error = 0.0

samples = 2
value = -0.52

squared_error = 0.0
samples = 1

value = -0.435

expressive <= -0.116
squared_error = 0.0

samples = 3
value = -0.393

hh_size <= 6.5
squared_error = 0.001

samples = 4
value = -0.445

squared_error = 0.0
samples = 1

value = -0.341

squared_error = 0.0
samples = 1

value = -0.361

squared_error = 0.0
samples = 1

value = -0.381

squared_error = 0.0
samples = 1

value = -0.398

mom_educ <= 10.5
squared_error = 0.0

samples = 2
value = -0.204

squared_error = -0.0
samples = 1

value = -0.284

squared_error = 0.0
samples = 1

value = -0.438

squared_error = -0.0
samples = 1

value = -0.433

squared_error = 0.0
samples = 1

value = 1.019

squared_error = 0.0
samples = 1

value = 0.901

receptive <= 0.734
squared_error = 0.0

samples = 2
value = 0.019

squared_error = 0.0
samples = 1

value = 0.139

squared_error = 0.0
samples = 1

value = -0.095

age_months <= 81.0
squared_error = 0.003

samples = 2
value = 0.059

squared_error = 0.0
samples = 1

value = 0.279

squared_error = 0.0
samples = 1

value = 0.176

squared_error = 0.0
samples = 1

value = -0.236

squared_error = 0.0
samples = 1

value = -0.316

squared_error = 0.0
samples = 1

value = -0.427

squared_error = 0.0
samples = 1

value = -0.433

age_months <= 81.0
squared_error = 0.0

samples = 2
value = -0.35

receptive <= -0.028
squared_error = 0.0

samples = 2
value = -0.266

squared_error = 0.0
samples = 1

value = 0.018

squared_error = 0.0
samples = 1

value = -0.101

squared_error = 0.0
samples = 1

value = -0.266

squared_error = 0.0
samples = 1

value = -0.285

squared_error = 0.0
samples = 1

value = -0.361

expressive <= 0.601
squared_error = 0.014

samples = 2
value = 0.156

squared_error = 0.0
samples = 1

value = 0.642

squared_error = 0.0
samples = 1

value = 0.995

squared_error = 0.0
samples = 1

value = -0.418

squared_error = 0.0
samples = 1

value = -0.311

squared_error = 0.0
samples = 1

value = -0.156

squared_error = 0.0
samples = 1

value = -0.151

squared_error = 0.0
samples = 1

value = 1.524

squared_error = 0.0
samples = 1

value = 1.603

squared_error = 0.0
samples = 1

value = -0.411

squared_error = 0.0
samples = 1

value = -0.402

squared_error = 0.0
samples = 1

value = -0.338

squared_error = -0.0
samples = 1

value = -0.398

squared_error = 0.0
samples = 1

value = -0.452

squared_error = 0.0
samples = 1

value = -0.471

squared_error = 0.0
samples = 1

value = -0.162

squared_error = -0.0
samples = 1

value = -0.136

squared_error = 0.0
samples = 1

value = 0.058

squared_error = 0.0
samples = 1

value = 0.046

mom_educ <= 10.0
squared_error = 0.004

samples = 2
value = 0.057

squared_error = 0.0
samples = 1

value = 0.415

squared_error = 0.0
samples = 1

value = 0.565

squared_error = -0.0
samples = 1

value = 0.478

squared_error = 0.0
samples = 1

value = 0.579

squared_error = 0.0
samples = 1

value = 0.381

expressive <= 1.485
squared_error = 0.001

samples = 2
value = -0.04

expressive <= 1.475
squared_error = 0.007

samples = 2
value = -0.405

squared_error = 0.0
samples = 1

value = -0.128

squared_error = -0.0
samples = 1

value = -0.124

squared_error = 0.0
samples = 2

value = -0.233

squared_error = 0.0
samples = 1

value = -0.259

squared_error = 0.0
samples = 1

value = -0.497

squared_error = 0.0
samples = 1

value = -0.418

haz <= -1.866
squared_error = 0.001

samples = 2
value = -0.414

age_months <= 73.0
squared_error = 0.0

samples = 2
value = -0.371

squared_error = 0.0
samples = 1

value = -0.411

expressive <= -0.21
squared_error = 0.0

samples = 4
value = -0.378

hh_size <= 6.0
squared_error = 0.0

samples = 3
value = -0.311

expressive <= -0.288
squared_error = 0.001

samples = 2
value = -0.385

squared_error = 0.0
samples = 1

value = -0.507

expressive <= -0.923
squared_error = 0.001

samples = 2
value = -0.173

squared_error = 0.0
samples = 1

value = 0.113

squared_error = 0.0
samples = 1

value = 0.134

squared_error = 0.0
samples = 1

value = -0.432

squared_error = -0.0
samples = 1

value = -0.327

squared_error = 0.0
samples = 1

value = -0.149

squared_error = 0.0
samples = 1

value = -0.137

hh_size <= 6.0
squared_error = 0.008

samples = 3
value = -0.546

hh_size <= 5.5
squared_error = 0.001

samples = 6
value = -0.461

hh_size <= 4.5
squared_error = 0.001

samples = 6
value = -0.607

haz <= -0.137
squared_error = 0.001

samples = 2
value = -0.669

squared_error = 0.0
samples = 1

value = -0.427

squared_error = -0.0
samples = 1

value = -0.563

haz <= 0.356
squared_error = 0.0

samples = 2
value = -0.386

squared_error = -0.0
samples = 1
value = -0.47

squared_error = 0.0
samples = 1
value = -0.42

squared_error = 0.0
samples = 1

value = -0.433

squared_error = 0.0
samples = 1

value = -0.525

squared_error = 0.0
samples = 1

value = -0.563

squared_error = 0.0
samples = 1
value = -0.47

squared_error = 0.0
samples = 1

value = -0.424

age_months <= 85.0
squared_error = 0.0

samples = 2
value = -0.59

male <= 0.5
squared_error = 0.0

samples = 2
value = -0.548

squared_error = 0.0
samples = 1

value = -0.603

squared_error = -0.0
samples = 1

value = -0.599

expressive <= -1.345
squared_error = 0.001

samples = 4
value = -0.383

receptive <= -0.65
squared_error = 0.002

samples = 4
value = -0.519

expressive <= -0.463
squared_error = 0.015

samples = 5
value = -0.231

receptive <= -0.727
squared_error = 0.006

samples = 12
value = -0.397

squared_error = 0.0
samples = 1

value = -0.027

squared_error = 0.0
samples = 1
value = 0.0

squared_error = 0.0
samples = 1

value = -0.662

squared_error = 0.0
samples = 1

value = -0.667

squared_error = 0.0
samples = 1

value = -0.567

squared_error = 0.0
samples = 1

value = -0.576

haz <= -0.41
squared_error = 0.0

samples = 2
value = -0.52

squared_error = -0.0
samples = 1

value = -0.538

haz <= -0.945
squared_error = 0.001

samples = 2
value = -0.086

squared_error = 0.0
samples = 1

value = -0.432

receptive <= -2.123
squared_error = 0.001

samples = 2
value = -0.297

mom_educ <= 11.5
squared_error = 0.022

samples = 4
value = -0.604

squared_error = 0.0
samples = 1

value = -0.326

squared_error = -0.0
samples = 1

value = -0.335

hh_size <= 6.0
squared_error = 0.001

samples = 2
value = -0.129

squared_error = 0.0
samples = 1

value = -0.261

squared_error = 0.0
samples = 1

value = 0.398

squared_error = -0.0
samples = 1

value = 0.487

squared_error = 0.0
samples = 1
value = 0.01

squared_error = -0.0
samples = 1

value = 0.244

squared_error = 0.0
samples = 1

value = -0.311

age_months <= 86.5
squared_error = 0.001

samples = 2
value = -0.386

squared_error = 0.0
samples = 1

value = 0.286

squared_error = 0.0
samples = 1

value = 0.244

squared_error = 0.0
samples = 1

value = -0.503

age_months <= 75.0
squared_error = 0.0

samples = 3
value = -0.375

squared_error = 0.0
samples = 1

value = 0.111

haz <= 0.461
squared_error = 0.007

samples = 5
value = -0.258

male <= 0.5
squared_error = 0.001

samples = 2
value = -0.636

expressive <= -0.292
squared_error = 0.002

samples = 4
value = -0.519

haz <= 0.458
squared_error = 0.002

samples = 3
value = -0.492

expressive <= -0.041
squared_error = 0.001

samples = 7
value = -0.422

receptive <= 0.531
squared_error = 0.0

samples = 2
value = -0.351

fine_motor <= 5.5
squared_error = 0.0

samples = 2
value = -0.389

receptive <= 0.568
squared_error = 0.002

samples = 3
value = -0.231

squared_error = 0.0
samples = 1
value = 0.0

haz <= -1.716
squared_error = 0.0

samples = 2
value = -0.435

squared_error = 0.0
samples = 1

value = -0.451

haz <= 0.089
squared_error = 0.003

samples = 2
value = 0.96

squared_error = -0.0
samples = 1

value = 1.398

squared_error = 0.0
samples = 1

value = 0.433

expressive <= 1.075
squared_error = 0.003

samples = 3
value = 0.059

receptive <= 0.157
squared_error = 0.007

samples = 3
value = 0.008

age_months <= 77.0
squared_error = 0.003

samples = 2
value = 0.228

fine_motor <= 5.5
squared_error = 0.002

samples = 2
value = -0.276

squared_error = -0.0
samples = 1

value = 0.067

squared_error = 0.0
samples = 1

value = -0.515

receptive <= 0.488
squared_error = 0.0

samples = 2
value = -0.43

expressive <= 1.103
squared_error = 0.002

samples = 4
value = -0.308

hh_size <= 5.5
squared_error = 0.004

samples = 2
value = -0.042

squared_error = 0.0
samples = 1

value = -0.239

fine_motor <= 5.5
squared_error = 0.0

samples = 2
value = -0.276

haz <= 0.783
squared_error = 0.068

samples = 3
value = -0.016

mom_educ <= 7.5
squared_error = 0.031

samples = 2
value = 0.818

squared_error = 0.0
samples = 1

value = -0.528

expressive <= 0.963
squared_error = 0.003

samples = 2
value = -0.365

expressive <= 0.602
squared_error = 0.0

samples = 2
value = -0.153

squared_error = -0.0
samples = 1

value = -0.184

squared_error = 0.0
samples = 1

value = 1.335

fine_motor <= 5.5
squared_error = 0.002

samples = 2
value = 1.564

squared_error = 0.0
samples = 1

value = 1.798

squared_error = -0.0
samples = 1

value = 1.987

squared_error = 0.0
samples = 1

value = -0.521

squared_error = 0.0
samples = 1

value = -0.599

expressive <= 0.291
squared_error = 0.0

samples = 2
value = -0.407

receptive <= 0.6
squared_error = 0.001

samples = 2
value = -0.368

squared_error = 0.0
samples = 1

value = -0.503

haz <= -0.321
squared_error = 0.0

samples = 2
value = -0.462

squared_error = 0.0
samples = 1

value = -0.521

squared_error = 0.0
samples = 1

value = -0.507

squared_error = 0.0
samples = 1

value = -0.236

squared_error = -0.0
samples = 1

value = -0.266

receptive <= 0.624
squared_error = 0.0

samples = 2
value = -0.149

squared_error = -0.0
samples = 1

value = 0.041

haz <= 1.038
squared_error = 0.0

samples = 2
value = 0.052

squared_error = 0.0
samples = 1
value = 0.11

mom_educ <= 12.5
squared_error = 0.031

samples = 3
value = 0.177

hh_size <= 4.0
squared_error = 0.002

samples = 2
value = 0.522

squared_error = 0.0
samples = 1

value = -0.259

squared_error = -0.0
samples = 1

value = -0.281

age_months <= 78.0
squared_error = 0.01

samples = 2
value = 0.48

receptive <= 1.194
squared_error = 0.037

samples = 4
value = -0.223

squared_error = 0.0
samples = 1

value = 0.745

squared_error = 0.0
samples = 1

value = 0.806

squared_error = 0.0
samples = 1
value = 2.16

squared_error = 0.0
samples = 1

value = 1.738

squared_error = 0.0
samples = 1

value = -0.183

squared_error = 0.0
samples = 1

value = -0.164

squared_error = 0.0
samples = 1

value = -0.086

fine_motor <= 5.5
squared_error = 0.0

samples = 2
value = -0.126

mom_educ <= 6.0
squared_error = 0.0

samples = 3
value = -0.242

squared_error = 0.0
samples = 1

value = -0.259

squared_error = 0.0
samples = 2

value = -0.547

squared_error = 0.0
samples = 2

value = -0.533

haz <= -0.815
squared_error = 0.002

samples = 2
value = -0.458

expressive <= -0.215
squared_error = 0.001

samples = 4
value = -0.392

hh_size <= 4.5
squared_error = 0.0

samples = 5
value = -0.385

expressive <= -0.667
squared_error = 0.002

samples = 5
value = -0.341

squared_error = 0.0
samples = 1

value = -0.651

squared_error = 0.0
samples = 1

value = -0.698

age_months <= 85.5
squared_error = 0.025

samples = 3
value = -0.284

squared_error = 0.0
samples = 1

value = -0.603

squared_error = 0.0
samples = 1

value = -0.359

receptive <= -0.0
squared_error = 0.0

samples = 2
value = 0.124

age_months <= 89.0
squared_error = 0.003

samples = 2
value = -0.379

receptive <= -0.335
squared_error = 0.0

samples = 2
value = -0.143

expressive <= -0.378
squared_error = 0.005

samples = 9
value = -0.489

squared_error = 0.0
samples = 1

value = -0.635

fine_motor <= 5.5
squared_error = 0.002

samples = 8
value = -0.622

receptive <= -0.147
squared_error = 0.005

samples = 2
value = -0.495

receptive <= 0.165
squared_error = 0.002

samples = 3
value = -0.414

squared_error = 0.0
samples = 1

value = -0.699

haz <= -1.158
squared_error = 0.0

samples = 2
value = -0.426

squared_error = 0.0
samples = 1

value = -0.361

expressive <= -0.165
squared_error = 0.0

samples = 2
value = -0.544

age_months <= 88.0
squared_error = 0.001

samples = 2
value = -0.447

haz <= -1.966
squared_error = 0.001

samples = 4
value = -0.569

hh_size <= 8.0
squared_error = 0.0

samples = 2
value = -0.601

age_months <= 77.5
squared_error = 0.006

samples = 8
value = -0.451

male <= 0.5
squared_error = 0.014

samples = 17
value = -0.348

squared_error = 0.0
samples = 1

value = -0.127

squared_error = -0.0
samples = 1

value = -0.389

receptive <= -0.715
squared_error = 0.0

samples = 2
value = -0.014

squared_error = 0.0
samples = 1

value = -0.193

hh_size <= 5.5
squared_error = 0.0

samples = 2
value = -0.665

haz <= -0.763
squared_error = 0.0

samples = 2
value = -0.571

squared_error = 0.0
samples = 1

value = -0.653

hh_size <= 7.0
squared_error = 0.0

samples = 3
value = -0.526

receptive <= -0.214
squared_error = 0.027

samples = 3
value = -0.201

receptive <= -0.754
squared_error = 0.036

samples = 6
value = -0.502

squared_error = 0.0
samples = 1

value = -0.581

squared_error = 0.0
samples = 1

value = -0.547

squared_error = 0.0
samples = 1

value = -0.233

age_months <= 80.0
squared_error = 0.0

samples = 2
value = -0.33

squared_error = 0.0
samples = 1

value = 0.477

haz <= 1.254
squared_error = 0.004

samples = 3
value = -0.173

receptive <= 0.212
squared_error = 0.002

samples = 2
value = 0.443

squared_error = 0.0
samples = 1
value = 0.21

age_months <= 82.5
squared_error = 0.014

samples = 2
value = 0.127

squared_error = 0.0
samples = 1

value = -0.427

haz <= -0.122
squared_error = 0.002

samples = 3
value = -0.361

squared_error = -0.0
samples = 1

value = -0.214

squared_error = 0.0
samples = 1

value = -0.337

squared_error = 0.0
samples = 1

value = -0.394

squared_error = 0.0
samples = 1

value = -0.619

squared_error = 0.0
samples = 1

value = -0.509

squared_error = 0.0
samples = 1

value = -0.146

age_months <= 84.5
squared_error = 0.0

samples = 2
value = 0.265

receptive <= 0.546
squared_error = 0.003

samples = 4
value = -0.407

haz <= -0.878
squared_error = 0.025

samples = 6
value = -0.196

receptive <= 0.611
squared_error = 0.005

samples = 6
value = -0.558

expressive <= -0.218
squared_error = 0.002

samples = 10
value = -0.443

age_months <= 73.0
squared_error = 0.0

samples = 4
value = -0.37

expressive <= 0.246
squared_error = 0.011

samples = 4
value = -0.173

squared_error = 0.0
samples = 1

value = 0.059

squared_error = 0.0
samples = 1

value = 0.059

receptive <= 0.167
squared_error = 0.0

samples = 3
value = -0.441

squared_error = 0.0
samples = 1
value = -0.41

squared_error = 0.0
samples = 1

value = 0.064

age_months <= 83.0
squared_error = 0.045

samples = 3
value = 1.106

squared_error = 0.0
samples = 1

value = -0.348

haz <= -0.249
squared_error = 0.029

samples = 4
value = 0.152

haz <= 0.52
squared_error = 0.017

samples = 5
value = 0.096

receptive <= 0.69
squared_error = 0.027

samples = 3
value = -0.162

haz <= 1.131
squared_error = 0.002

samples = 3
value = -0.458

age_months <= 82.5
squared_error = 0.018

samples = 6
value = -0.219

expressive <= 0.638
squared_error = 0.0

samples = 3
value = -0.263

age_months <= 80.0
squared_error = 0.221

samples = 5
value = 0.318

squared_error = 0.0
samples = 1

value = 1.398

squared_error = 0.0
samples = 1

value = 0.973

squared_error = 0.0
samples = 1

value = -0.182

expressive <= 0.712
squared_error = 0.008

samples = 3
value = -0.419

squared_error = 0.0
samples = 1

value = -0.388

squared_error = 0.0
samples = 1

value = -0.374

squared_error = 0.0
samples = 1

value = -0.218

squared_error = -0.0
samples = 1

value = -0.243

squared_error = 0.0
samples = 1

value = -0.515

squared_error = 0.0
samples = 1

value = -0.461

squared_error = 0.0
samples = 1

value = 1.206

squared_error = 0.0
samples = 1

value = 1.208

squared_error = 0.0
samples = 1

value = -0.649

squared_error = -0.0
samples = 1

value = -0.621

age_months <= 93.0
squared_error = 0.0

samples = 3
value = -0.164

squared_error = 0.0
samples = 1

value = 0.003

squared_error = 0.0
samples = 1

value = 0.941

squared_error = -0.0
samples = 1

value = 1.029

squared_error = 0.0
samples = 1

value = 1.485

squared_error = 0.0
samples = 1

value = 1.449

expressive <= 1.125
squared_error = 0.013

samples = 3
value = 1.487

haz <= 0.726
squared_error = 0.009

samples = 2
value = 1.893

squared_error = 0.0
samples = 1

value = -0.647

squared_error = -0.0
samples = 1

value = -0.639

squared_error = 0.0
samples = 1

value = -0.398

squared_error = -0.0
samples = 1
value = -0.37

squared_error = 0.0
samples = 1

value = -0.335

squared_error = -0.0
samples = 1

value = -0.307

squared_error = 0.0
samples = 1
value = -0.44

haz <= -1.044
squared_error = 0.002

samples = 2
value = -0.56

haz <= -0.985
squared_error = 0.001

samples = 4
value = -0.387

haz <= -0.741
squared_error = 0.0

samples = 3
value = -0.476

squared_error = 0.0
samples = 1

value = -0.127

squared_error = -0.0
samples = 1

value = -0.166

squared_error = 0.0
samples = 1

value = -0.207

squared_error = -0.0
samples = 1

value = -0.164

squared_error = 0.0
samples = 1

value = -0.528

squared_error = 0.0
samples = 1

value = -0.533

age_months <= 91.0
squared_error = 0.0

samples = 2
value = -0.514

squared_error = -0.0
samples = 1

value = -0.542

squared_error = 0.0
samples = 1

value = -0.304

squared_error = 0.0
samples = 1

value = -0.141

receptive <= 0.51
squared_error = 0.0

samples = 2
value = -0.251

age_months <= 76.0
squared_error = 0.008

samples = 3
value = -0.086

squared_error = 0.0
samples = 1

value = -0.302

squared_error = 0.0
samples = 1
value = -0.35

squared_error = 0.0
samples = 1

value = -0.395

squared_error = 0.0
samples = 1

value = -0.389

mom_educ <= 11.5
squared_error = 0.001

samples = 3
value = 0.072

squared_error = 0.0
samples = 1

value = -0.028

squared_error = 0.0
samples = 1

value = -0.381

squared_error = 0.0
samples = 1

value = -0.405

squared_error = 0.0
samples = 1

value = 1.513

squared_error = -0.0
samples = 1

value = 1.491

expressive <= 1.193
squared_error = 0.048

samples = 5
value = 0.315

squared_error = -0.0
samples = 1

value = -0.332

expressive <= 1.44
squared_error = 0.0

samples = 2
value = -0.27

squared_error = 0.0
samples = 1

value = -0.208

squared_error = 0.0
samples = 1
value = -0.35

squared_error = 0.0
samples = 1

value = -0.413

squared_error = 0.0
samples = 1

value = 0.888

haz <= 1.324
squared_error = 0.138

samples = 6
value = 0.012

haz <= 1.343
squared_error = 0.001

samples = 2
value = 0.775

hh_size <= 5.5
squared_error = 0.045

samples = 2
value = 1.949

squared_error = 0.0
samples = 2

value = -0.381

squared_error = -0.0
samples = 1

value = -0.398

squared_error = 0.0
samples = 1
value = -0.46

squared_error = 0.0
samples = 3

value = -0.418

squared_error = 0.0
samples = 1
value = -0.44

squared_error = -0.0
samples = 1

value = -0.348

squared_error = 0.0
samples = 1

value = -0.214

receptive <= 0.213
squared_error = 0.0

samples = 2
value = -0.174

squared_error = 0.0
samples = 1
value = -0.27

squared_error = -0.0
samples = 1

value = -0.188

age_months <= 75.5
squared_error = 0.0

samples = 3
value = -0.113

squared_error = 0.0
samples = 1

value = -0.047

squared_error = 0.0
samples = 1

value = -0.301

hh_size <= 7.0
squared_error = 0.0

samples = 4
value = -0.246

squared_error = 0.0
samples = 2

value = -0.497

mom_educ <= 6.5
squared_error = 0.0

samples = 4
value = -0.54

expressive <= -0.449
squared_error = 0.002

samples = 6
value = -0.414

haz <= -1.364
squared_error = 0.001

samples = 10
value = -0.363

squared_error = 0.0
samples = 1

value = -0.508

squared_error = 0.0
samples = 1
value = -0.51

squared_error = 0.0
samples = 1

value = -0.599

squared_error = 0.0
samples = 1

value = -0.593

squared_error = 0.0
samples = 1

value = -0.544

squared_error = -0.0
samples = 2

value = -0.563

squared_error = 0.0
samples = 1

value = -0.698

squared_error = -0.0
samples = 1

value = -0.701

squared_error = 0.0
samples = 1

value = -0.732

squared_error = -0.0
samples = 2

value = -0.715

squared_error = 0.0
samples = 1

value = -0.639

squared_error = 0.0
samples = 1

value = -0.616

squared_error = 0.0
samples = 1

value = -0.504

hh_size <= 7.5
squared_error = 0.001

samples = 2
value = -0.675

receptive <= -0.33
squared_error = 0.038

samples = 4
value = -0.364

age_months <= 86.5
squared_error = 0.052

samples = 3
value = -0.037

receptive <= -0.428
squared_error = 0.015

samples = 4
value = -0.261

expressive <= -0.001
squared_error = 0.006

samples = 10
value = -0.504

hh_size <= 8.0
squared_error = 0.005

samples = 10
value = -0.597

receptive <= 0.182
squared_error = 0.016

samples = 4
value = -0.485

age_months <= 88.0
squared_error = 0.001

samples = 3
value = -0.405

age_months <= 85.5
squared_error = 0.003

samples = 4
value = -0.496

squared_error = 0.0
samples = 1

value = -0.326

squared_error = 0.0
samples = 1

value = -0.416

squared_error = 0.0
samples = 1

value = -0.495

squared_error = 0.0
samples = 1
value = -0.55

squared_error = 0.0
samples = 1

value = -0.716

squared_error = -0.0
samples = 1

value = -0.759

squared_error = 0.0
samples = 1

value = -0.361

squared_error = 0.0
samples = 1

value = -0.381

squared_error = 0.0
samples = 1

value = -0.341

squared_error = -0.0
samples = 1

value = -0.324

squared_error = 0.0
samples = 1

value = -0.164

squared_error = 0.0
samples = 1

value = -0.141

squared_error = 0.0
samples = 1

value = -0.479

squared_error = 0.0
samples = 1
value = -0.46

squared_error = 0.0
samples = 1
value = -0.63

squared_error = 0.0
samples = 1

value = -0.639

squared_error = 0.0
samples = 1

value = -0.777

squared_error = -0.0
samples = 1

value = -0.764

squared_error = 0.0
samples = 1

value = -0.474

hh_size <= 6.5
squared_error = 0.001

samples = 6
value = -0.58

expressive <= -1.207
squared_error = 0.014

samples = 25
value = -0.381

squared_error = -0.0
samples = 1

value = -0.017

haz <= -0.886
squared_error = 0.017

samples = 2
value = -0.258

haz <= -0.29
squared_error = 0.007

samples = 3
value = -0.073

male <= 0.5
squared_error = 0.002

samples = 4
value = -0.618

haz <= -1.106
squared_error = 0.003

samples = 4
value = -0.558

age_months <= 93.5
squared_error = 0.053

samples = 9
value = -0.402

squared_error = -0.0
samples = 1
value = 0.11

squared_error = 0.0
samples = 1

value = -0.079

squared_error = 0.0
samples = 1

value = -0.261

squared_error = 0.0
samples = 1

value = -0.651

expressive <= -0.995
squared_error = 0.0

samples = 2
value = -0.564

squared_error = 0.0
samples = 1

value = -0.036

haz <= 0.586
squared_error = 0.002

samples = 3
value = -0.298

squared_error = 0.0
samples = 1

value = 0.928

receptive <= -1.049
squared_error = 0.083

samples = 4
value = -0.011

receptive <= 0.265
squared_error = 0.013

samples = 3
value = 0.365

expressive <= -0.504
squared_error = 0.077

samples = 3
value = -0.058

haz <= 0.597
squared_error = 0.005

samples = 4
value = -0.324

squared_error = -0.0
samples = 1

value = -0.589

receptive <= 0.551
squared_error = 0.001

samples = 2
value = -0.365

hh_size <= 5.0
squared_error = 0.003

samples = 2
value = -0.564

age_months <= 79.0
squared_error = 0.038

samples = 3
value = 0.128

fine_motor <= 5.5
squared_error = 0.027

samples = 10
value = -0.281

squared_error = 0.0
samples = 1

value = -0.234

squared_error = 0.0
samples = 1

value = -0.381

mom_educ <= 7.5
squared_error = 0.006

samples = 16
value = -0.486

squared_error = 0.0
samples = 1

value = -0.106

age_months <= 75.5
squared_error = 0.016

samples = 8
value = -0.272

expressive <= 0.848
squared_error = 0.0

samples = 2
value = 0.059

expressive <= 0.761
squared_error = 0.0

samples = 4
value = -0.433

squared_error = 0.0
samples = 1

value = -0.283

age_months <= 76.0
squared_error = 0.237

samples = 4
value = 0.845

receptive <= 0.216
squared_error = 0.063

samples = 5
value = 0.052

haz <= 1.243
squared_error = 0.036

samples = 8
value = -0.001

mom_educ <= 7.5
squared_error = 0.025

samples = 9
value = -0.299

haz <= -0.54
squared_error = 0.217

samples = 8
value = 0.1

haz <= -1.329
squared_error = 0.045

samples = 2
value = 1.185

squared_error = 0.0
samples = 1

value = -0.113

squared_error = 0.0
samples = 1

value = 0.414

expressive <= 0.275
squared_error = 0.016

samples = 4
value = -0.36

squared_error = -0.0
samples = 1

value = 0.195

squared_error = 0.0
samples = 1

value = -0.525

squared_error = -0.0
samples = 1

value = -0.436

squared_error = 0.0
samples = 1

value = -0.324

expressive <= 0.831
squared_error = 0.0

samples = 2
value = -0.381

mom_educ <= 7.5
squared_error = 0.0

samples = 2
value = -0.231

squared_error = 0.0
samples = 1

value = -0.277

squared_error = 0.0
samples = 1

value = -0.154

squared_error = -0.0
samples = 1

value = -0.165

squared_error = 0.0
samples = 1

value = -0.639

mom_educ <= 9.0
squared_error = 0.001

samples = 2
value = -0.488

squared_error = 0.0
samples = 1

value = 0.884

squared_error = -0.0
samples = 1

value = 1.181

squared_error = 0.0
samples = 1

value = 1.023

haz <= -0.901
squared_error = 0.0

samples = 2
value = 1.207

age_months <= 93.0
squared_error = 0.0

samples = 2
value = -0.635

squared_error = -0.0
samples = 1

value = -0.473

squared_error = 0.0
samples = 1

value = -0.347

haz <= 0.222
squared_error = 0.005

samples = 4
value = -0.122

squared_error = 0.0
samples = 1

value = -0.385

squared_error = 0.0
samples = 1
value = -0.55

squared_error = 0.0
samples = 1

value = 0.496

squared_error = 0.0
samples = 1

value = 0.598

haz <= 1.026
squared_error = 0.002

samples = 2
value = 0.985

expressive <= 0.82
squared_error = 0.0

samples = 2
value = 1.467

age_months <= 89.0
squared_error = 0.051

samples = 5
value = 1.649

squared_error = -0.0
samples = 1

value = 0.861

haz <= -1.488
squared_error = 0.0

samples = 2
value = -0.643

squared_error = 0.0
samples = 1

value = -0.715

squared_error = 0.0
samples = 1

value = -0.528

squared_error = 0.0
samples = 1

value = -0.541

squared_error = 0.0
samples = 1

value = -0.277

squared_error = 0.0
samples = 1

value = -0.238

receptive <= -0.516
squared_error = 0.0

samples = 2
value = -0.384

receptive <= 0.221
squared_error = 0.0

samples = 2
value = -0.321

age_months <= 78.5
squared_error = 0.004

samples = 3
value = -0.52

receptive <= 0.682
squared_error = 0.003

samples = 7
value = -0.425

squared_error = 0.0
samples = 1

value = -0.511

squared_error = 0.0
samples = 1

value = -0.542

squared_error = 0.0
samples = 1

value = -0.621

squared_error = 0.0
samples = 1

value = -0.581

squared_error = 0.0
samples = 1

value = -0.062

mom_educ <= 5.5
squared_error = 0.0

samples = 2
value = -0.146

age_months <= 73.5
squared_error = 0.0

samples = 2
value = -0.185

squared_error = 0.0
samples = 1

value = -0.324

expressive <= 1.127
squared_error = 0.0

samples = 2
value = -0.531

squared_error = 0.0
samples = 1

value = -0.515

hh_size <= 6.5
squared_error = 0.0

samples = 3
value = -0.523

squared_error = 0.0
samples = 1
value = -0.6

mom_educ <= 9.5
squared_error = 0.007

samples = 2
value = -0.223

squared_error = 0.0
samples = 1

value = 0.039

squared_error = 0.0
samples = 1

value = 0.873

squared_error = -0.0
samples = 1

value = 0.333

haz <= -0.641
squared_error = 0.012

samples = 5
value = -0.152

squared_error = -0.0
samples = 1

value = 0.151

haz <= 0.508
squared_error = 0.001

samples = 2
value = -0.326

squared_error = 0.0
samples = 1

value = -0.473

squared_error = 0.0
samples = 1

value = -0.479

squared_error = 0.0
samples = 1
value = -0.46

squared_error = 0.0
samples = 1

value = -0.458

receptive <= 0.354
squared_error = 0.0

samples = 2
value = -0.392

squared_error = 0.0
samples = 1

value = -0.294

age_months <= 89.5
squared_error = 0.002

samples = 4
value = 0.047

squared_error = 0.0
samples = 1

value = -0.515

expressive <= 0.988
squared_error = 0.0

samples = 2
value = -0.393

squared_error = 0.0
samples = 1

value = 2.064

age_months <= 86.5
squared_error = 0.0

samples = 2
value = 1.502

haz <= 1.564
squared_error = 0.098

samples = 6
value = 0.207

squared_error = -0.0
samples = 1

value = 1.413

squared_error = 0.0
samples = 1

value = -0.716

squared_error = 0.0
samples = 1

value = -0.526

squared_error = 0.0
samples = 1

value = -0.275

squared_error = 0.0
samples = 1

value = 0.934

squared_error = 0.0
samples = 1

value = 0.738

squared_error = -0.0
samples = 1

value = 1.171

squared_error = 0.0
samples = 1

value = 0.307

squared_error = 0.0
samples = 1

value = 0.005

squared_error = 0.0
samples = 1

value = -0.146

squared_error = 0.0
samples = 1

value = -0.285

squared_error = 0.0
samples = 1
value = 0.23

squared_error = 0.0
samples = 1

value = -0.087

expressive <= 1.793
squared_error = 0.001

samples = 3
value = -0.249

hh_size <= 5.5
squared_error = 0.001

samples = 2
value = -0.382

squared_error = 0.0
samples = 1

value = 0.092

squared_error = 0.0
samples = 1

value = 0.287

expressive <= 1.385
squared_error = 0.212

samples = 7
value = 0.137

receptive <= 1.308
squared_error = 0.367

samples = 4
value = 1.362

haz <= 0.316
squared_error = 0.0

samples = 3
value = -0.387

age_months <= 74.5
squared_error = 0.0

samples = 4
value = -0.429

haz <= -2.136
squared_error = 0.002

samples = 2
value = -0.394

expressive <= -1.617
squared_error = 0.0

samples = 3
value = -0.187

squared_error = 0.0
samples = 1

value = -0.479

squared_error = 0.0
samples = 1
value = -0.46

haz <= -2.118
squared_error = 0.002

samples = 2
value = -0.229

age_months <= 78.5
squared_error = 0.001

samples = 4
value = -0.096

haz <= -0.632
squared_error = 0.001

samples = 5
value = -0.257

squared_error = 0.0
samples = 1

value = -0.438

squared_error = 0.0
samples = 1

value = -0.431

age_months <= 78.0
squared_error = 0.0

samples = 6
value = -0.526

mom_educ <= 6.5
squared_error = 0.002

samples = 16
value = -0.382

squared_error = -0.0
samples = 2

value = -0.479

squared_error = 0.0
samples = 1

value = -0.525

mom_educ <= 6.5
squared_error = 0.0

samples = 2
value = -0.509

expressive <= -1.407
squared_error = 0.0

samples = 2
value = -0.596

haz <= -0.478
squared_error = 0.0

samples = 3
value = -0.557

male <= 0.5
squared_error = 0.0

samples = 2
value = -0.699

hh_size <= 4.5
squared_error = 0.0

samples = 3
value = -0.721

squared_error = 0.0
samples = 1

value = -0.664

squared_error = -0.0
samples = 1

value = -0.662

squared_error = 0.0
samples = 1

value = -0.647

squared_error = 0.0
samples = 1

value = -0.651

hh_size <= 5.0
squared_error = 0.0

samples = 2
value = -0.628

squared_error = 0.0
samples = 1

value = -0.682

age_months <= 88.5
squared_error = 0.007

samples = 3
value = -0.618

squared_error = -0.0
samples = 1

value = -0.301

receptive <= -0.202
squared_error = 0.07

samples = 7
value = -0.224

receptive <= -0.324
squared_error = 0.021

samples = 14
value = -0.435

receptive <= 0.078
squared_error = 0.011

samples = 14
value = -0.565

hh_size <= 4.5
squared_error = 0.004

samples = 7
value = -0.457

hh_size <= 6.5
squared_error = 0.002

samples = 2
value = -0.371

squared_error = -0.0
samples = 1

value = -0.215

expressive <= -0.527
squared_error = 0.001

samples = 2
value = -0.522

squared_error = -0.0
samples = 2

value = -0.637

receptive <= -0.087
squared_error = 0.0

samples = 2
value = -0.737

squared_error = 0.0
samples = 1

value = -0.669

haz <= -2.333
squared_error = 0.0

samples = 2
value = -0.371

expressive <= -0.496
squared_error = 0.0

samples = 2
value = -0.332

receptive <= -1.052
squared_error = 0.0

samples = 2
value = -0.153

squared_error = -0.0
samples = 1

value = -0.259

squared_error = 0.0
samples = 1

value = -0.381

expressive <= -0.687
squared_error = 0.0

samples = 2
value = -0.47

squared_error = 0.0
samples = 1

value = -0.618

male <= 0.5
squared_error = 0.0

samples = 2
value = -0.635

squared_error = 0.0
samples = 1

value = -0.715

squared_error = -0.0
samples = 1

value = -0.701

hh_size <= 8.0
squared_error = 0.0

samples = 2
value = -0.77

squared_error = -0.0
samples = 1

value = -0.789

receptive <= -2.643
squared_error = 0.002

samples = 7
value = -0.564

squared_error = 0.0
samples = 1

value = -0.451

squared_error = 0.0
samples = 1

value = -0.213

squared_error = -0.0
samples = 1

value = -0.236

squared_error = 0.0
samples = 1

value = -0.086

squared_error = 0.0
samples = 1

value = -0.134

mom_educ <= 12.5
squared_error = 0.018

samples = 26
value = -0.367

receptive <= -1.521
squared_error = 0.019

samples = 5
value = -0.147

expressive <= -0.734
squared_error = 0.004

samples = 8
value = -0.588

haz <= -0.181
squared_error = 0.071

samples = 10
value = -0.35

expressive <= -0.759
squared_error = 0.008

samples = 2
value = -0.17

hh_size <= 3.0
squared_error = 0.002

samples = 3
value = -0.593

expressive <= -1.427
squared_error = 0.014

samples = 4
value = -0.232

expressive <= -0.623
squared_error = 0.207

samples = 5
value = 0.177

squared_error = 0.0
samples = 1

value = 0.643

squared_error = 0.0
samples = 1
value = 0.95

squared_error = 0.0
samples = 1

value = -0.435

haz <= -0.15
squared_error = 0.09

samples = 6
value = 0.153

squared_error = 0.0
samples = 1

value = -0.017

age_months <= 93.5
squared_error = 0.015

samples = 5
value = -0.377

age_months <= 89.5
squared_error = 0.012

samples = 4
value = -0.465

expressive <= -0.758
squared_error = 0.059

samples = 13
value = -0.186

squared_error = 0.0
samples = 1

value = 0.114

receptive <= 0.922
squared_error = 0.005

samples = 2
value = -0.308

squared_error = 0.0
samples = 1

value = -0.058

age_months <= 93.0
squared_error = 0.014

samples = 17
value = -0.464

expressive <= 0.742
squared_error = 0.03

samples = 10
value = -0.205

receptive <= 0.34
squared_error = 0.004

samples = 5
value = -0.403

expressive <= 0.916
squared_error = 0.296

samples = 9
value = 0.405

hh_size <= 4.5
squared_error = 0.053

samples = 17
value = -0.159

squared_error = 0.0
samples = 1

value = 1.769

age_months <= 85.5
squared_error = 0.371

samples = 10
value = 0.317

age_months <= 75.5
squared_error = 0.069

samples = 2
value = 0.151

haz <= 1.082
squared_error = 0.062

samples = 5
value = -0.249

haz <= -0.546
squared_error = 0.002

samples = 2
value = -0.48

expressive <= 0.751
squared_error = 0.001

samples = 3
value = -0.362

mom_educ <= 10.5
squared_error = 0.001

samples = 3
value = -0.246

age_months <= 83.0
squared_error = 0.0

samples = 2
value = -0.16

squared_error = 0.0
samples = 1

value = 0.125

receptive <= -0.627
squared_error = 0.006

samples = 3
value = -0.539

squared_error = 0.0
samples = 1

value = 0.262

hh_size <= 6.5
squared_error = 0.022

samples = 2
value = 1.033

squared_error = 0.0
samples = 1

value = 1.017

mom_educ <= 7.5
squared_error = 0.008

samples = 3
value = 1.146

squared_error = 0.0
samples = 1

value = -0.338

hh_size <= 6.5
squared_error = 0.006

samples = 3
value = -0.581

expressive <= 0.556
squared_error = 0.012

samples = 5
value = -0.167

expressive <= 0.624
squared_error = 0.007

samples = 2
value = -0.467

receptive <= -0.629
squared_error = 0.003

samples = 2
value = 0.547

age_months <= 91.5
squared_error = 0.059

samples = 4
value = 1.226

squared_error = 0.0
samples = 1
value = 2.88

hh_size <= 7.5
squared_error = 0.128

samples = 6
value = 1.518

squared_error = 0.0
samples = 1

value = -0.526

receptive <= 0.558
squared_error = 0.001

samples = 3
value = -0.667

squared_error = 0.0
samples = 1

value = -0.479

age_months <= 89.0
squared_error = 0.0

samples = 2
value = -0.534

age_months <= 82.5
squared_error = 0.0

samples = 2
value = -0.258

mom_educ <= 9.0
squared_error = 0.001

samples = 4
value = -0.353

hh_size <= 6.5
squared_error = 0.005

samples = 10
value = -0.454

squared_error = -0.0
samples = 1

value = -0.347

squared_error = 0.0
samples = 1

value = -0.662

squared_error = 0.0
samples = 1

value = -0.488

squared_error = 0.0
samples = 1

value = -0.391

squared_error = 0.0
samples = 1

value = -0.236

hh_size <= 5.0
squared_error = 0.0

samples = 2
value = -0.526

fine_motor <= 5.5
squared_error = 0.0

samples = 2
value = -0.601

squared_error = 0.0
samples = 1

value = 0.109

squared_error = 0.0
samples = 1

value = -0.023

fine_motor <= 5.5
squared_error = 0.002

samples = 3
value = -0.118

squared_error = 0.0
samples = 1

value = 0.129

squared_error = 0.0
samples = 1

value = 0.249

squared_error = 0.0
samples = 1

value = 0.297

age_months <= 75.0
squared_error = 0.005

samples = 3
value = -0.232

squared_error = -0.0
samples = 1

value = -0.128

squared_error = 0.0
samples = 1

value = -0.635

squared_error = -0.0
samples = 1

value = -0.618

squared_error = 0.0
samples = 1

value = -0.563

age_months <= 93.5
squared_error = 0.0

samples = 3
value = -0.526

squared_error = 0.0
samples = 1

value = -0.355

expressive <= 1.303
squared_error = 0.001

samples = 4
value = -0.542

expressive <= 0.935
squared_error = 0.02

samples = 3
value = -0.136

haz <= -1.276
squared_error = 0.073

samples = 2
value = 0.603

age_months <= 80.5
squared_error = 0.022

samples = 6
value = -0.101

expressive <= 0.922
squared_error = 0.005

samples = 3
value = -0.375

expressive <= 0.939
squared_error = 0.0

samples = 2
value = -0.47

haz <= -1.732
squared_error = 0.001

samples = 3
value = -0.414

squared_error = 0.0
samples = 1

value = 0.569

squared_error = -0.0
samples = 1

value = 0.521

haz <= -0.553
squared_error = 0.02

samples = 5
value = -0.021

age_months <= 87.5
squared_error = 0.003

samples = 3
value = -0.434

haz <= 0.068
squared_error = 0.07

samples = 3
value = 1.689

age_months <= 90.5
squared_error = 0.262

samples = 7
value = 0.379

age_months <= 94.0
squared_error = 0.009

samples = 2
value = -0.621

mom_educ <= 9.5
squared_error = 0.366

samples = 2
value = 0.329

male <= 0.5
squared_error = 0.047

samples = 2
value = 0.955

hh_size <= 6.0
squared_error = 0.023

samples = 2
value = 0.156

squared_error = 0.0
samples = 1

value = -0.542

expressive <= 1.576
squared_error = 0.005

samples = 2
value = -0.216

squared_error = 0.0
samples = 1

value = 0.568

haz <= 0.558
squared_error = 0.025

samples = 2
value = 0.071

age_months <= 79.5
squared_error = 0.005

samples = 5
value = -0.302

squared_error = -0.0
samples = 1

value = -0.073

age_months <= 75.5
squared_error = 0.009

samples = 2
value = 0.19

squared_error = -0.0
samples = 1

value = -0.158

expressive <= 1.632
squared_error = 0.616

samples = 11
value = 0.582

squared_error = -0.0
samples = 1
value = 2.5

squared_error = 0.0
samples = 1

value = -0.307

squared_error = 0.0
samples = 1

value = -0.401

squared_error = 0.0
samples = 1
value = -0.23

squared_error = 0.0
samples = 1

value = -0.149

age_months <= 73.5
squared_error = 0.001

samples = 7
value = -0.411

haz <= -1.442
squared_error = 0.011

samples = 5
value = -0.27

mom_educ <= 4.0
squared_error = 0.0

samples = 2
value = -0.47

squared_error = 0.0
samples = 1

value = -0.547

squared_error = 0.0
samples = 1
value = -0.44

squared_error = 0.0
samples = 1
value = -0.46

haz <= -1.224
squared_error = 0.005

samples = 6
value = -0.141

receptive <= 0.181
squared_error = 0.005

samples = 6
value = -0.287

squared_error = 0.0
samples = 1

value = -0.418

mom_educ <= 5.5
squared_error = 0.001

samples = 7
value = -0.512

receptive <= 0.058
squared_error = 0.003

samples = 18
value = -0.393

squared_error = 0.0
samples = 1

value = -0.533

age_months <= 84.5
squared_error = 0.0

samples = 3
value = -0.514

haz <= -0.949
squared_error = 0.0

samples = 5
value = -0.573

squared_error = 0.0
samples = 1
value = -0.66

fine_motor <= 5.5
squared_error = 0.0

samples = 5
value = -0.712

hh_size <= 5.5
squared_error = 0.0

samples = 2
value = -0.663

haz <= -2.515
squared_error = 0.0

samples = 2
value = -0.649

squared_error = 0.0
samples = 1

value = -0.562

hh_size <= 8.0
squared_error = 0.001

samples = 3
value = -0.646

age_months <= 92.5
squared_error = 0.024

samples = 4
value = -0.539

expressive <= -0.53
squared_error = 0.047

samples = 21
value = -0.364

expressive <= -0.622
squared_error = 0.011

samples = 21
value = -0.529

receptive <= -0.306
squared_error = 0.007

samples = 3
value = -0.319

haz <= -0.952
squared_error = 0.004

samples = 4
value = -0.58

expressive <= -0.235
squared_error = 0.001

samples = 3
value = -0.715

expressive <= -0.64
squared_error = 0.0

samples = 4
value = -0.352

receptive <= -0.666
squared_error = 0.003

samples = 3
value = -0.188

squared_error = 0.0
samples = 1

value = -0.277

expressive <= -0.978
squared_error = 0.002

samples = 3
value = -0.44

hh_size <= 4.0
squared_error = 0.0

samples = 3
value = -0.629

squared_error = 0.0
samples = 1

value = -0.597

fine_motor <= 5.5
squared_error = 0.0

samples = 2
value = -0.708

mom_educ <= 10.5
squared_error = 0.0

samples = 3
value = -0.777

mom_educ <= 11.0
squared_error = 0.003

samples = 8
value = -0.55

squared_error = -0.0
samples = 1

value = -0.728

squared_error = 0.0
samples = 1

value = -0.403

squared_error = 0.0
samples = 1

value = -0.384

haz <= 0.276
squared_error = 0.0

samples = 2
value = -0.225

hh_size <= 4.5
squared_error = 0.001

samples = 2
value = -0.11

age_months <= 82.5
squared_error = 0.025

samples = 31
value = -0.331

age_months <= 92.5
squared_error = 0.055

samples = 18
value = -0.456

haz <= 0.638
squared_error = 0.047

samples = 5
value = -0.424

expressive <= -0.632
squared_error = 0.163

samples = 9
value = -0.005

squared_error = 0.0
samples = 1

value = -0.453

squared_error = -0.0
samples = 1

value = 0.038

squared_error = 0.0
samples = 1

value = 0.305

receptive <= -0.027
squared_error = 0.024

samples = 2
value = 0.796

haz <= -1.366
squared_error = 0.12

samples = 7
value = 0.069

haz <= -0.97
squared_error = 0.031

samples = 6
value = -0.317

squared_error = 0.0
samples = 1
value = -0.66

squared_error = 0.0
samples = 1

value = -0.573

squared_error = 0.0
samples = 1

value = -0.061

squared_error = -0.0
samples = 1

value = -0.533

expressive <= -1.002
squared_error = 0.062

samples = 17
value = -0.252

squared_error = 0.0
samples = 1
value = 1.21

mom_educ <= 6.0
squared_error = 0.043

samples = 3
value = -0.167

haz <= -2.001
squared_error = 0.022

samples = 18
value = -0.441

squared_error = 0.0
samples = 1

value = 0.517

squared_error = -0.0
samples = 1
value = 0.42

age_months <= 83.5
squared_error = 0.03

samples = 15
value = -0.271

haz <= 0.21
squared_error = 0.209

samples = 26
value = 0.036

receptive <= 0.178
squared_error = 0.512

samples = 11
value = 0.449

receptive <= 0.094
squared_error = 0.097

samples = 7
value = -0.135

expressive <= 0.67
squared_error = 0.005

samples = 5
value = -0.409

expressive <= 0.789
squared_error = 0.002

samples = 5
value = -0.212

fine_motor <= 5.5
squared_error = 0.087

samples = 4
value = -0.373

receptive <= -1.01
squared_error = 0.147

samples = 3
value = 0.776

age_months <= 88.0
squared_error = 0.009

samples = 4
value = 1.114

squared_error = 0.0
samples = 1

value = -0.094

age_months <= 90.0
squared_error = 0.016

samples = 4
value = -0.52

mom_educ <= 9.0
squared_error = 0.029

samples = 7
value = -0.253

hh_size <= 5.5
squared_error = 0.143

samples = 6
value = 1.0

mom_educ <= 5.5
squared_error = 0.337

samples = 7
value = 1.713

fine_motor <= 5.5
squared_error = 0.005

samples = 4
value = -0.632

age_months <= 80.5
squared_error = 0.001

samples = 3
value = -0.516

squared_error = 0.0
samples = 1
value = -0.51

haz <= -1.085
squared_error = 0.003

samples = 6
value = -0.321

expressive <= 0.524
squared_error = 0.005

samples = 11
value = -0.444

hh_size <= 6.5
squared_error = 0.008

samples = 2
value = -0.575

squared_error = 0.0
samples = 1

value = -0.137

squared_error = 0.0
samples = 1

value = -0.175

squared_error = 0.0
samples = 1

value = 0.068

squared_error = 0.0
samples = 1
value = -0.51

expressive <= 0.327
squared_error = 0.006

samples = 2
value = -0.314

age_months <= 92.5
squared_error = 0.002

samples = 4
value = -0.564

expressive <= 0.437
squared_error = 0.004

samples = 2
value = 0.043

squared_error = 0.0
samples = 1
value = -0.43

haz <= -0.415
squared_error = 0.013

samples = 4
value = -0.056

age_months <= 73.5
squared_error = 0.001

samples = 2
value = 0.273

squared_error = 0.0
samples = 1
value = -0.46

hh_size <= 7.5
squared_error = 0.005

samples = 4
value = -0.206

hh_size <= 5.0
squared_error = 0.0

samples = 2
value = -0.627

receptive <= 0.133
squared_error = 0.0

samples = 4
value = -0.535

squared_error = 0.0
samples = 1

value = -0.131

squared_error = 0.0
samples = 1

value = 0.263

squared_error = 0.0
samples = 1

value = -0.178

expressive <= 0.808
squared_error = 0.007

samples = 5
value = -0.505

haz <= -1.45
squared_error = 0.172

samples = 5
value = 0.16

haz <= -0.087
squared_error = 0.033

samples = 9
value = -0.193

hh_size <= 6.5
squared_error = 0.001

samples = 5
value = -0.436

squared_error = -0.0
samples = 1

value = -0.305

hh_size <= 3.5
squared_error = 0.001

samples = 2
value = 0.545

receptive <= 0.324
squared_error = 0.054

samples = 8
value = -0.176

expressive <= 0.967
squared_error = 0.565

samples = 10
value = 0.772

expressive <= 1.132
squared_error = 0.413

samples = 4
value = -0.146

mom_educ <= 6.5
squared_error = 0.194

samples = 4
value = 0.555

squared_error = -0.0
samples = 1

value = 2.273

receptive <= 1.018
squared_error = 0.027

samples = 3
value = -0.324

hh_size <= 7.0
squared_error = 0.072

samples = 3
value = 0.237

squared_error = 0.0
samples = 1
value = -0.01

haz <= 0.364
squared_error = 0.012

samples = 6
value = -0.264

expressive <= 1.649
squared_error = 0.033

samples = 3
value = 0.074

squared_error = 0.0
samples = 1

value = 0.657

squared_error = 0.0
samples = 1

value = 2.758

hh_size <= 7.0
squared_error = 0.846

samples = 12
value = 0.742

haz <= 2.02
squared_error = 0.002

samples = 2
value = -0.354

hh_size <= 6.5
squared_error = 0.002

samples = 2
value = -0.189

age_months <= 75.5
squared_error = 0.01

samples = 12
value = -0.352

fine_motor <= 5.0
squared_error = 0.001

samples = 3
value = -0.496

fine_motor <= 3.5
squared_error = 0.0

samples = 2
value = -0.45

haz <= -0.869
squared_error = 0.011

samples = 12
value = -0.214

age_months <= 75.0
squared_error = 0.002

samples = 8
value = -0.5

haz <= 1.454
squared_error = 0.004

samples = 19
value = -0.4

squared_error = 0.0
samples = 1

value = -0.415

haz <= -1.727
squared_error = 0.001

samples = 8
value = -0.551

age_months <= 88.5
squared_error = 0.001

samples = 6
value = -0.704

fine_motor <= 5.5
squared_error = 0.0

samples = 4
value = -0.656

haz <= -0.43
squared_error = 0.002

samples = 4
value = -0.625

expressive <= -1.254
squared_error = 0.047

samples = 25
value = -0.392

age_months <= 90.5
squared_error = 0.015

samples = 24
value = -0.503

receptive <= -0.299
squared_error = 0.007

samples = 7
value = -0.638

squared_error = -0.0
samples = 2

value = -0.479

squared_error = 0.0
samples = 1
value = -0.41

age_months <= 75.5
squared_error = 0.008

samples = 7
value = -0.282

male <= 0.5
squared_error = 0.006

samples = 4
value = -0.399

mom_educ <= 10.5
squared_error = 0.0

samples = 4
value = -0.621

hh_size <= 4.5
squared_error = 0.001

samples = 5
value = -0.749

age_months <= 92.5
squared_error = 0.006

samples = 9
value = -0.57

haz <= -1.957
squared_error = 0.0

samples = 2
value = -0.393

squared_error = 0.0
samples = 1

value = 1.286

mom_educ <= 10.0
squared_error = 0.004

samples = 4
value = -0.168

age_months <= 86.0
squared_error = 0.04

samples = 49
value = -0.377

fine_motor <= 5.5
squared_error = 0.162

samples = 14
value = -0.155

receptive <= -0.007
squared_error = 0.06

samples = 2
value = -0.207

expressive <= -1.198
squared_error = 0.069

samples = 3
value = 0.633

male <= 0.5
squared_error = 0.116

samples = 13
value = -0.109

mom_educ <= 10.0
squared_error = 0.002

samples = 2
value = -0.616

haz <= -1.31
squared_error = 0.056

samples = 2
value = -0.297

squared_error = 0.0
samples = 1

value = 1.375

expressive <= -0.401
squared_error = 0.171

samples = 18
value = -0.171

age_months <= 74.5
squared_error = 0.034

samples = 21
value = -0.402

male <= 0.5
squared_error = 0.002

samples = 2
value = 0.469

squared_error = 0.0
samples = 1

value = 0.638

haz <= -0.38
squared_error = 0.165

samples = 41
value = -0.076

hh_size <= 8.5
squared_error = 0.431

samples = 18
value = 0.222

haz <= 0.27
squared_error = 0.013

samples = 10
value = -0.31

squared_error = -0.0
samples = 1

value = -0.563

age_months <= 92.5
squared_error = 0.435

samples = 7
value = 0.119

receptive <= 0.878
squared_error = 0.24

samples = 5
value = 0.872

expressive <= 0.511
squared_error = 0.041

samples = 11
value = -0.35

squared_error = 0.0
samples = 1

value = 0.784

receptive <= 0.65
squared_error = 0.374

samples = 13
value = 1.384

squared_error = 0.0
samples = 1

value = -0.416

squared_error = 0.0
samples = 1

value = -0.294

expressive <= 0.449
squared_error = 0.006

samples = 7
value = -0.582

expressive <= 0.152
squared_error = 0.007

samples = 7
value = -0.348

haz <= -0.09
squared_error = 0.008

samples = 13
value = -0.464

expressive <= 0.204
squared_error = 0.0

samples = 2
value = -0.156

squared_error = -0.0
samples = 1

value = -0.042

fine_motor <= 5.5
squared_error = 0.084

samples = 2
value = -0.221

squared_error = 0.0
samples = 1

value = 1.087

age_months <= 86.0
squared_error = 0.017

samples = 6
value = -0.48

hh_size <= 8.5
squared_error = 0.053

samples = 3
value = -0.115

expressive <= 0.798
squared_error = 0.033

samples = 6
value = 0.053

fine_motor <= 5.5
squared_error = 0.015

samples = 5
value = -0.257

squared_error = 0.0
samples = 1

value = 0.577

squared_error = -0.0
samples = 1

value = 0.465

squared_error = 0.0
samples = 1

value = -0.343

expressive <= 0.653
squared_error = 0.002

samples = 6
value = -0.565

age_months <= 87.5
squared_error = 0.039

samples = 2
value = 0.066

haz <= 0.717
squared_error = 0.02

samples = 6
value = -0.45

haz <= -1.078
squared_error = 0.111

samples = 14
value = -0.067

age_months <= 79.5
squared_error = 0.004

samples = 6
value = -0.414

hh_size <= 4.5
squared_error = 0.126

samples = 10
value = -0.032

age_months <= 92.5
squared_error = 0.694

samples = 14
value = 0.51

expressive <= 1.728
squared_error = 0.627

samples = 5
value = 0.899

haz <= 0.424
squared_error = 0.128

samples = 6
value = -0.044

age_months <= 73.5
squared_error = 0.018

samples = 7
value = -0.228

age_months <= 79.5
squared_error = 0.089

samples = 4
value = 0.219

age_months <= 72.5
squared_error = 1.069

samples = 13
value = 0.897

squared_error = -0.0
samples = 1
value = 3.32

receptive <= 1.719
squared_error = 0.009

samples = 4
value = -0.272

squared_error = 0.0
samples = 1

value = 0.469

squared_error = 0.0
samples = 1

value = 0.821

squared_error = -0.0
samples = 1

value = 0.577

squared_error = 0.0
samples = 1

value = -0.428

squared_error = 0.0
samples = 1

value = -0.141

squared_error = 0.0
samples = 1

value = 2.198

squared_error = 0.0
samples = 1

value = 2.057

age_months <= 77.5
squared_error = 0.012

samples = 15
value = -0.381

fine_motor <= 4.5
squared_error = 0.016

samples = 14
value = -0.248

squared_error = 0.0
samples = 1

value = -0.134

receptive <= -0.971
squared_error = 0.005

samples = 27
value = -0.43

receptive <= -2.419
squared_error = 0.003

samples = 9
value = -0.536

expressive <= -1.166
squared_error = 0.001

samples = 10
value = -0.685

mom_educ <= 3.5
squared_error = 0.048

samples = 29
value = -0.424

age_months <= 91.5
squared_error = 0.017

samples = 31
value = -0.533

receptive <= -0.722
squared_error = 0.001

samples = 3
value = -0.456

receptive <= -0.339
squared_error = 0.011

samples = 11
value = -0.324

age_months <= 90.5
squared_error = 0.005

samples = 9
value = -0.692

receptive <= -0.265
squared_error = 0.009

samples = 11
value = -0.538

haz <= -0.819
squared_error = 0.341

samples = 5
value = 0.123

haz <= 0.011
squared_error = 0.075

samples = 63
value = -0.328

age_months <= 89.5
squared_error = 0.235

samples = 5
value = 0.297

hh_size <= 7.0
squared_error = 0.13

samples = 15
value = -0.177

male <= 0.5
squared_error = 0.658

samples = 3
value = 0.261

expressive <= -0.361
squared_error = 0.11

samples = 39
value = -0.295

squared_error = 0.0
samples = 1

value = -0.361

receptive <= 0.728
squared_error = 0.008

samples = 3
value = 0.525

hh_size <= 6.5
squared_error = 0.265

samples = 59
value = 0.015

squared_error = -0.0
samples = 1

value = 1.238

hh_size <= 7.0
squared_error = 0.017

samples = 11
value = -0.333

squared_error = 0.0
samples = 1

value = 0.235

receptive <= 0.155
squared_error = 0.492

samples = 12
value = 0.433

squared_error = -0.0
samples = 1

value = 2.285

haz <= 1.402
squared_error = 0.136

samples = 12
value = -0.256

squared_error = -0.0
samples = 1

value = 1.369

squared_error = 0.0
samples = 1

value = -0.701

squared_error = -0.0
samples = 1

value = -0.628

squared_error = 0.0
samples = 1

value = 3.786

hh_size <= 9.5
squared_error = 0.562

samples = 14
value = 1.255

expressive <= 0.172
squared_error = 0.015

samples = 8
value = -0.546

hh_size <= 5.5
squared_error = 0.011

samples = 20
value = -0.423

haz <= -0.645
squared_error = 0.003

samples = 3
value = -0.118

squared_error = 0.0
samples = 1

value = -0.467

expressive <= 0.203
squared_error = 0.436

samples = 3
value = 0.215

receptive <= 0.88
squared_error = 0.059

samples = 9
value = -0.358

mom_educ <= 6.5
squared_error = 0.049

samples = 11
value = -0.088

mom_educ <= 5.5
squared_error = 0.003

samples = 2
value = 0.521

receptive <= -0.203
squared_error = 0.008

samples = 7
value = -0.534

receptive <= 0.574
squared_error = 0.075

samples = 8
value = -0.321

hh_size <= 5.5
squared_error = 0.104

samples = 20
value = -0.171

receptive <= 0.508
squared_error = 0.529

samples = 24
value = 0.284

haz <= 0.293
squared_error = 0.575

samples = 11
value = 0.385

receptive <= 0.7
squared_error = 0.09

samples = 11
value = -0.065

expressive <= 1.688
squared_error = 1.382

samples = 14
value = 1.07

mom_educ <= 9.0
squared_error = 0.095

samples = 5
value = -0.124

mom_educ <= 6.5
squared_error = 0.015

samples = 2
value = 0.699

haz <= 2.0
squared_error = 0.021

samples = 2
value = -0.284

receptive <= 1.247
squared_error = 0.005

samples = 2
value = 2.128

squared_error = -0.0
samples = 1

value = 2.742

expressive <= -0.713
squared_error = 0.018

samples = 29
value = -0.316

mom_educ <= 4.0
squared_error = 0.008

samples = 28
value = -0.419

age_months <= 87.5
squared_error = 0.007

samples = 19
value = -0.614

male <= 0.5
squared_error = 0.035

samples = 60
value = -0.48

expressive <= -1.22
squared_error = 0.011

samples = 14
value = -0.353

haz <= -2.37
squared_error = 0.013

samples = 20
value = -0.607

age_months <= 72.5
squared_error = 0.109

samples = 68
value = -0.295

receptive <= 0.047
squared_error = 0.198

samples = 20
value = -0.058

receptive <= 0.406
squared_error = 0.17

samples = 42
value = -0.256

age_months <= 74.0
squared_error = 0.153

samples = 4
value = 0.304

squared_error = 0.0
samples = 1

value = 1.093

squared_error = 0.0
samples = 1

value = 0.618

haz <= 2.788
squared_error = 0.285

samples = 60
value = 0.035

expressive <= 1.349
squared_error = 0.041

samples = 12
value = -0.286

expressive <= 0.353
squared_error = 0.698

samples = 13
value = 0.576

receptive <= 1.47
squared_error = 0.313

samples = 13
value = -0.131

mom_educ <= 4.0
squared_error = 0.001

samples = 2
value = -0.664

haz <= -1.176
squared_error = 0.923

samples = 15
value = 1.424

haz <= -1.411
squared_error = 0.015

samples = 28
value = -0.459

age_months <= 81.0
squared_error = 0.025

samples = 4
value = -0.205

expressive <= 0.286
squared_error = 0.214

samples = 12
value = -0.215

squared_error = 0.0
samples = 1

value = 1.427

haz <= 1.358
squared_error = 0.09

samples = 13
value = 0.006

haz <= 0.549
squared_error = 0.055

samples = 15
value = -0.42

age_months <= 83.5
squared_error = 0.387

samples = 44
value = 0.077

squared_error = 0.0
samples = 1

value = 3.278

mom_educ <= 7.5
squared_error = 0.383

samples = 22
value = 0.16

expressive <= 1.705
squared_error = 1.319

samples = 19
value = 0.756

age_months <= 73.0
squared_error = 0.259

samples = 4
value = 0.207

squared_error = 0.0
samples = 1

value = 2.716

squared_error = 0.0
samples = 1

value = 1.425

age_months <= 86.0
squared_error = 0.087

samples = 3
value = 2.332

squared_error = 0.0
samples = 1

value = 1.756

squared_error = 0.0
samples = 1

value = 0.312

male <= 0.5
squared_error = 0.016

samples = 57
value = -0.367

receptive <= -1.129
squared_error = 0.031

samples = 79
value = -0.513

age_months <= 81.0
squared_error = 0.028

samples = 34
value = -0.502

receptive <= -0.054
squared_error = 0.139

samples = 88
value = -0.241

mom_educ <= 11.5
squared_error = 0.193

samples = 46
value = -0.207

receptive <= 0.933
squared_error = 0.056

samples = 2
value = 0.856

receptive <= 1.035
squared_error = 0.259

samples = 72
value = -0.018

squared_error = -0.0
samples = 1

value = 2.181

expressive <= 0.379
squared_error = 0.63

samples = 26
value = 0.222

haz <= -1.456
squared_error = 1.267

samples = 17
value = 1.178

mom_educ <= 11.0
squared_error = 0.023

samples = 32
value = -0.427

age_months <= 94.5
squared_error = 0.389

samples = 13
value = -0.089

age_months <= 84.0
squared_error = 0.116

samples = 28
value = -0.222

haz <= 1.824
squared_error = 0.601

samples = 45
value = 0.148

squared_error = 0.0
samples = 1

value = 2.704

haz <= 0.622
squared_error = 0.905

samples = 41
value = 0.436

haz <= 2.338
squared_error = 1.215

samples = 5
value = 0.709

squared_error = -0.0
samples = 1
value = 6.0

receptive <= 0.382
squared_error = 0.22

samples = 4
value = 2.106

age_months <= 82.5
squared_error = 0.521

samples = 2
value = 1.034

age_months <= 82.5
squared_error = 0.03

samples = 136
value = -0.452

haz <= -1.557
squared_error = 0.122

samples = 122
value = -0.314

haz <= 1.417
squared_error = 0.233

samples = 48
value = -0.163

squared_error = 0.0
samples = 1

value = 2.203

receptive <= 1.461
squared_error = 0.321

samples = 73
value = 0.012

expressive <= 0.651
squared_error = 1.1

samples = 43
value = 0.6

haz <= 0.018
squared_error = 0.152

samples = 45
value = -0.329

mom_educ <= 7.5
squared_error = 0.448

samples = 73
value = 0.006

haz <= -1.88
squared_error = 1.003

samples = 42
value = 0.49

haz <= 2.613
squared_error = 4.9

samples = 6
value = 1.591

squared_error = 0.0
samples = 1

value = 2.137

squared_error = 0.0
samples = 1
value = 3.01

haz <= -0.31
squared_error = 0.575

samples = 6
value = 1.748

squared_error = -0.0
samples = 1

value = -0.133

squared_error = 0.0
samples = 1

value = 4.811

squared_error = -0.0
samples = 1

value = 4.753

mom_educ <= 7.5
squared_error = 0.078

samples = 258
value = -0.386

age_months <= 94.5
squared_error = 0.34

samples = 49
value = -0.114

age_months <= 86.5
squared_error = 0.69

samples = 116
value = 0.23

expressive <= 0.568
squared_error = 0.362

samples = 118
value = -0.122

expressive <= 2.144
squared_error = 1.623

samples = 48
value = 0.628

mom_educ <= 7.5
squared_error = 0.191

samples = 2
value = 2.573

receptive <= 1.529
squared_error = 0.927

samples = 7
value = 1.48

age_months <= 77.0
squared_error = 0.001

samples = 2
value = 4.782

receptive <= 0.393
squared_error = 0.13

samples = 307
value = -0.343

male <= 0.5
squared_error = 0.556

samples = 234
value = 0.053

hh_size <= 9.5
squared_error = 1.711

samples = 50
value = 0.706

haz <= 0.964
squared_error = 2.606

samples = 9
value = 2.214

expressive <= 0.068
squared_error = 0.352

samples = 541
value = -0.172

mom_educ <= 10.5
squared_error = 2.142

samples = 59
value = 0.936

expressive <= 1.365
squared_error = 0.637

samples = 600
value = -0.063

data source: EMERGE, N = 1000, Y = literacy, X variables (child age, expressive vocab, fine motor skills, HAZ, HH size, male, mother’s education, receptive vocab)
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Strengths of Regression Trees

• Tend to identify important predictors of Y

▶ Continuous predictors may be used multiple times

▶ Expressive vocabulary, mother’s education,
height-for-age used repeatedly in a single tree

• Leverage X s in a parsimonious and intuitive way

▶ Distinguishes between important, unimportant X s

• Good at identifying interactions between covariates

▶ Is the linear model a reasonable approximation of
the true underlying relationship between X s and Y ?
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source: James el at. (2021)
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Weaknesses of Regression Trees

• Can be prone to over-fitting, particularly when the number of variables large relative to N

▶ Techniques for pruning and constraining tree depth or leaf size are somewhat ad hoc

• Not particularly robust (e.g. to small changes in the analysis sample)

• May not compete with other approaches in terms of predictive accuracy
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Bagging

• Bootstrap sampling: sampling from a data set with replacement

▶ Provides a measure of how much estimates might change because of sampling variation

• Bootstrap aggregation or bagging involves estimating multiple regression trees
on bootstrapped samples of a data set, an then averaging predictions across trees

▶ Bootstrapped data sets are slightly different

▶ Tends to lower test MSE relative to a single tree

• Not all observations are included in a bootstrap sample (or bag)

▶ Out-of-bag (OOB) predictions, MSE are a natural analog to cross-validation MSE
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Random Forests

• Random forests extend bagging by considering only a random subset of X s at each split

▶ Limits over-reliance on a small number of key predictors

• Bagging can be seen as a special case of a random forest where all variables are considered

• In practice, no one uses a single regression tree except as an example

• We cannot visualize a random forest the way we can visualize a regression tree

▶ Measures of variable importance indicate how often a variable is chosen across trees

Economics 370: Data Science for Economics (Professor Jakiela) Regression Trees and Random Forests, Slide 22



Example: Variable Importance in EMERGE Data

household size

fine motor skills

age

male

maternal education

height−for−age

receptive

expressive

0 25 50 75
Variable Importance

is significant in OLS
not significant in OLS

data source: EMERGE, N = 1000, Y = literacy, X variables (child age, expressive vocab, fine motor skills, HAZ, HH size, male, mother’s education, receptive vocab)
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Gradient-Boosted Trees

• In a random forest, each regression tree is independent of all other trees

▶ A gradient-boosted tree is part of a (non-random) forest with interdependent trees

• The basic idea is simple:

▶ Step 1: fit a regression tree that is not very deep (one or two spilts)

▶ Step 2a: residualize Y by subtracting initial predictions × some very small positive number

▶ Step 2b: fit a regression tree that is not very deep on the residualized Y s

▶ Step 3: repeat steps 2a and 2b a hundred or so more times
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Summary: Regression Trees and Random Forests

• Regression trees are an elegant prediction technique based on repeated binary splitting

▶ The technique usually doesn’t work that well in practice

• Random forests and gradient-boosted trees are ensemble methods that average the
predictions of large numbers of regression trees to generate more robust predictions

▶ In random forests, we estimate many independent regression trees, bootstrapping the sample
for each tree and within each tree choosing a subset of predictors to consider at each split

▶ In gradient-boosted trees, we update Y values before estimating each new tree, subtracting
off a scaled-down version of the predicted values for the previous iteration
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Lab #8

Objective: compare the predictive power of tree-based machine learning techniques using DHS
data on the height-for-age z-scores of young children in Kenya (using the 2014 births recode)
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Overview of the DHS

• Standard DHS surveys in multiple countries, conducted every 5–10 years in many

▶ Representative of women aged 15–49 (i.e. of childbearing age)

▶ Women asked about all pregnancies and births, detailed info on births in last 5 years

▶ Children under 5 years old are weighed and measured (height-for-age z-score)

▶ Random sample of women’s husbands are also interviewed (in some countries/rounds)

• DHS births recode survey contains information on all births by surveyed women

▶ Includes (most) data from survey of mother and most information about the household

▶ Data set includes deceased children, those born more than 5 years ago (for whom there is no
information on either anthropometrics of birth outcomes), children of “visitors” to household

▶ Information on variables is contained in separate text files
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Lab #7: Steps

Objective: build a random forest with the lowest test mean squared error

• R and Python templates read in births recode, restrict sample, estimate regression trees

▶ Your main task is to refine the preprocessing pipeline to to improve fit

• The templates implement a simple regression tree and a random forest

▶ Choose how to preprocess categorical variables (and which should be categorical)

▶ Choose number of variables to consider at each decision node

▶ Choose number of trees in the random forest
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