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Research Question

who is a minimum wage worker
identify the potential workers who have been working had the minimum
wage been different

what is the effect of increasing minimum wage
increasing employment

decreasing unemployment

increasing labor force participation(LFP)
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minimum wage classification

traditional way
specify demographic groups such as the teens, low educational

distribution based (Cengiz et al. (2019))

machine learning
larger and more various groups

data driven which is no functional form
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machine learning models

1 elastic net
2 decision tree
3 random forest
4 gradient boosting machine(GBM)
5 support vector machine(SVM)
6 neural network
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overfitting

in machine learning model our goal is to do good generalization:

minimize the in sample error

let the in sample error as close as the out sample error

when dose overfitting(bad generalization, low bias high variance) happen?

small data size

noise: stochastic, deterministic
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overfitting
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overfitting
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overfitting

how to combat overfitting?

validation: leave one out, cross validation

early stop

blending (mix multiple model)
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elastic net

elastic net = weighted lasso and Ridge

min
𝛽

𝑄(𝛽) + 𝜆(𝛼||𝛽||2 + (1 − 𝛼)||𝛽||1)

where

𝑄: objective function (loss)

𝜆: penalty term

𝛼: ratio of mixture

in this paper, thu author build a complex model by including all the
features, their four-way interactions, and all of the interactions with the
quadratic, cubic, and quartic terms of the age variable.
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elastic net
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Adaptive Boosting
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Adaptive Boosting
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Adaptive Boosting

Σ𝑁
𝑛=1𝑢𝑡+1

𝑛 1(𝑦𝑛 = 𝑔𝑡(𝑥𝑛)) = Σ𝑁
𝑛=1𝑢𝑡+1

𝑛 1(𝑦𝑛 ≠ 𝑔𝑡(𝑥𝑛))

Σ𝑁
𝑛=1Σ𝑁

𝑛=1𝑢𝑡+1
𝑛 1(𝑦𝑛 ≠ 𝑔𝑡(𝑥𝑛))1(𝑦𝑛 = 𝑔𝑡(𝑥𝑛)) =

Σ𝑁
𝑛=1Σ𝑁

𝑛=1𝑢𝑡+1
𝑛 1(𝑦𝑛 = 𝑔𝑡(𝑥𝑛))1(𝑦𝑛 ≠ 𝑔𝑡(𝑥𝑛))

Σ𝑁
𝑛=1

Σ𝑁
𝑛=1𝑢𝑡+1

𝑛 1(𝑦𝑛 ≠ 𝑔𝑡(𝑥𝑛))
Σ𝑁

𝑛=1𝑢𝑡+1𝑛
1(𝑦𝑛 = 𝑔𝑡(𝑥𝑛)) =

Σ𝑁
𝑛=1

Σ𝑁
𝑛=1𝑢𝑡+1

𝑛 1(𝑦𝑛 = 𝑔𝑡(𝑥𝑛))
Σ𝑁

𝑛=1𝑢𝑡+1𝑛
1(𝑦𝑛 ≠ 𝑔𝑡(𝑥𝑛))
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Adaptive Boosting

Σ𝑁
𝑛=1𝜖𝑡+11(𝑦𝑛 = 𝑔𝑡(𝑥𝑛)) = Σ𝑁

𝑛=1(1 − 𝜖𝑡+1)1(𝑦𝑛 ≠ 𝑔𝑡(𝑥𝑛))

Σ𝑁
𝑛=1√𝜖2

𝑡+11(𝑦𝑛 = 𝑔𝑡(𝑥𝑛)) = Σ𝑁
𝑛=1√(1 − 𝜖𝑡+1)21(𝑦𝑛 ≠ 𝑔𝑡(𝑥𝑛))

Σ𝑁
𝑛=1√ 𝜖2

𝑡+1
𝜖𝑡+1(1 − 𝜖𝑡+1)1(𝑦𝑛 = 𝑔𝑡(𝑥𝑛)) = Σ𝑁

𝑛=1√ (1 − 𝜖𝑡+1)2

𝜖𝑡+1(1 − 𝜖𝑡+1)1(𝑦𝑛 ≠ 𝑔𝑡(𝑥𝑛))

Σ𝑁
𝑛=1√ 𝜖𝑡+1

(1 − 𝜖𝑡+1)1(𝑦𝑛 = 𝑔𝑡(𝑥𝑛)) = Σ𝑁
𝑛=1√(1 − 𝜖𝑡+1)

𝜖𝑡+1
1(𝑦𝑛 ≠ 𝑔𝑡(𝑥𝑛))

Σ𝑁
𝑛=1

1
♦𝑡+1

1(𝑦𝑛 = 𝑔𝑡(𝑥𝑛)) = Σ𝑁
𝑛=1♦𝑡+11(𝑦𝑛 ≠ 𝑔𝑡(𝑥𝑛))

{♦𝑡+1 >= 1 ⟺ 𝜖𝑡+1 <= 1
2

𝛼𝑡+1 = log(♦𝑡+1) >= 0 ⟺ ♦𝑡+1 >= 1
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Adaptive Boosting
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Adaptive Boosting

Julia implementation
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https://github.com/githubjacky/HTML/blob/main/hw5/utils.jl


Gradient Boosting
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SVM
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methodology

use the machine learning model to predict who might be a potential
minimum wage worker

hourly wage of less than 125% of the statutory minimum wage

high probability group: comprises the 10% of the population with the
hightest likelihood of being affected by the policy.

high recall group: 75% of all minimum wage workers are captured

worker-level selection criterion
there had not had been any prominent minimum wage events in the
past 20 quarters

there is a prominent minimum wage change in the next 12 quarters

469,174 observations, randomly draw 150, 000 for training
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methodology

prominent minimum wage change
(real)minimum wages increased by more than $0.25

at least 2% of the workforce earned between the new minimum wage
and the old minimum wage

use DID to esitmate the change of wage, employment, unemployment,
LFP in two groups

8-year window around 172 prominent state-level minimum wage events

𝑦𝑔
𝑠𝑡 = Σ4

𝜏=−3𝛽𝜏𝑡𝑟𝑒𝑎𝑡𝜏
𝑠𝑡 + Ω𝑠𝑡 + 𝜇𝑠 + 𝜌𝑡 + 𝑢𝑠𝑡

Ω𝑠𝑡: for small or federal in-creases (Cengiz et al. (2019))

𝑡𝑟𝑒𝑎𝑡𝜏
𝑠𝑡: whether the minimum wage was increased 𝜏 years from date t

in state s

cluster standard error by states
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confusion matrix
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confusion matrix

Accuracy: 𝑇 𝑃+𝑇 𝑁
𝑇 𝑃+𝐹𝑁+𝐹𝑃+𝑇 𝑁

precision: 𝑇 𝑃
𝑇 𝑃+𝐹𝑃

recall(sensitivity, true positive rate): 𝑇 𝑃
𝑇 𝑃+𝐹𝑁

false positive rate: 𝐹𝑃
𝐹𝑃+𝑇 𝑁
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ROC AUC
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AUPRC
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data and features

minimum wage worker prediciton: 1979-2019 CPS-ORG
Education group

Age group

Gender

Rural residency

Martial(married and spouse is present)

Race

Hispanic

Veteran

labor market outcomes estimation: 1979-2019 CPS-Basic
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evaluation
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evaluation

high probability group
threshold probability 0.35

precision: 0.6

recall: 0.36

high recall group
threshold probability 0.12

precision: 0.35

recall: 0.75

low probability group: predicted probability ≤ 0.12
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who is a minimum wage worker
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who is a minimum wage worker
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labor market outcome

5-year averaged posttreatment estimates: 1
5Σ4

𝜏=0(𝛽𝜏 − 𝛽−1)
wage

high probability: 2.3%(SE, 0.3%)

high recall: 1.6% (SE, 0.3%)

low probability: -0.1% (SE, 0.3%)
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high probability estimation
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high recall estimation
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hands-on machine learning

Let’s apply the framework using Taiwan’s Data
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data

source: ������ ��������, 2000-2006
features: countycat, sex, martial, educat, agecat

martial: married or not
educat

1: below junior high

2: high school

3: at least college

agecat: group every 5 years from 15 to 70 as one category
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https://srda.sinica.edu.tw/browsingbydatatype_result.php?category=surveymethod&type=4&csid=31


tidymodels

pipeline for training a machine learning models
1 before training: preprocess and specify the model

recipes, parsnip
2 hyperparameters tuning and evaluation

rsample, tune, yardstick
3 prediction and evaluation

yardstick
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data
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helper function
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helper function

Hsiu Hsuan Yeh (Dept of Econ, National Taiwan University)Introduction to Classical ML and Its Application in Econometric Research2023-06-14 38 / 48



helper function
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elastic net
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elastic net
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random forest
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random forest
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XGBoost
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XGBoost

tuning strategy
1 tune min_n, tree_depth
2 default suggestion

mtry: 80%of the predictors

trees: 200

loss_reduction = 0

sample_size: 80% of the sample size

stop_iter = 2000(should be large enough)

3 tune mtry, sample_size
4 tune trees, loss_reduction, stop_iter
5 tune the learn_rate
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XGBoost
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XGBoost
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AUPRC
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