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WHAT IS MACHINE LEARNING?

DEFINITION

▸ Traditional computer programming: programmer writes 
detailed instructions 

▸ ML: programmer writes minimal instructions 

▸ ML algorithms learn how to behave based on data + 
minimal user instructions 

▸ ML can automatically incorporate and learn from new data 

▸ Not a silver bullet



WHAT IS MACHINE LEARNING?

MACHINE LEARNING VS. STATISTICS

▸ Computer programmers think there's a huge difference 

▸ There isn't 

▸ Primary difference is the goal  

▸ Goal of traditional stats is inference, explanation 

▸ Goal of ML is prediction (and sometimes grouping) 

▸ - Other difference is terminology



WHAT IS MACHINE LEARNING?

MACHINE LEARNING VS. STATISTICS

▸ Other difference is terminology 

Statistics Machine Learning

Dependent Variable Response, output

Independent 
Variables

Inputs, predictors, 
features

Statistical model Learning algorithm

Coefficients Weights



WHAT IS MACHINE LEARNING?

TYPES OF MACHINE LEARNING

▸ Supervised Learning 

▸ Goal is prediction 

▸ Data are “labeled” with an outcome variable, that is, they 
have a dependent variable 

▸ X matrix (inputs, features) used to predict outcome 

▸ Outcomes can be continuous (predicting an income 
value) or di/poly-chotomous (predicting a status, such as 
unemployment)



WHAT IS MACHINE LEARNING?

TYPES OF MACHINE LEARNING

▸ Unsupervised Learning 

▸ Goal is grouping or clustering 

▸ Data are NOT “labeled” with an outcome variable. There 
is no dependent variable 

▸ Goal is to learn about the data using only the X matrix: 
group them in meaningful ways 

▸ Can help identify variables to use in supervised models



WHAT IS MACHINE LEARNING?

PARAMETRIC VS. NON-PARAMETRIC MODELS

▸ Parametric Models 

▸ Make an assumption about the shape of the relationship 
between X and Y 

▸ Greatly simplify model estimation by turning it into a 
problem of estimating the values of a small number of 
parameters that define the shape of the relationship 

▸ Generally inflexible because they assume a specific X - Y 
relationship: may under fit the data



WHAT IS MACHINE LEARNING?

PARAMETRIC VS. NON-PARAMETRIC MODELS

▸ Non-Parametric Models 

▸ Make no assumption about the relationship between X 
and Y 

▸ Implementation is more computationally demanding 
because weights can take on wide range of values 

▸ Are generally flexible: may over fit the data



WHAT IS MACHINE LEARNING?

MACHINE LEARNING VS. ARTIFICIAL INTELLIGENCE

▸ Two Takes on This 

▸ Pedro Domingos (UW): ML died a premature death with 
Marvin Minksy’s critique of first generation neural 
networks in the 1970s and AI became very rules-based.  
With greater processing power ML has eaten AI’s lunch 

▸ Jeff Dean (Google): ML is now AI 

▸ There’s really no hard and fast difference as best I can tell



WHAT IS MACHINE LEARNING?

STRUCTURED VS. UNSTRUCTURED DATA

▸ Structured.  Numbers (size of GDP; number of churches; 
lat - long; movie ratings); defined categories (race; sex) 

▸ Unstructured. Text (facebook posts; amazon product 
reviews), images (Instagram photos), audio (speeches), 
video, sensors (traffic; water flows)



WHAT IS MACHINE LEARNING?

BIG DATA

▸ Volume. There’s lots of it, as in petabytes (1 million gigabytes) 

▸ Velocity. New data are flying in all the time. Customer orders on 
Amazon are the extreme, but it’s referring to adding new data 
very, very frequently 

▸ Variety. Non-traditional types of data, i.e., non-numeric, such as 
text, sensor, photo, audio, video, etc. data 

▸ Generally, state administrative data systems are not big data. You 
can fit all the data on a single server and you don’t need special 
software, such as Hadoop, to manage and process the data



WHAT IS MACHINE LEARNING?

MACHINE LEARNING USE CASES — SUPERVISED LEARNING



WHAT IS MACHINE LEARNING?

MACHINE LEARNING USE CASES — SUPERVISED LEARNING

▸ AlphaGo (1.0) 

▸ Go: complex board game 

▸ IBM Deep Blue beat Gary Kasparov in chess: easier than 
building an algorithm to beat the world’s best Go player 

▸ Supervised AlphaGo by feeding it 100K Go games; then it 
played 30,000,000 games vs. itself 

▸ No rules programmed in, unlike Deep Blue 

▸ General purpose algorithm



WHAT IS MACHINE LEARNING?

MACHINE LEARNING USE CASES — SUPERVISED LEARNING

▸ Self Driving Cars 

▸ Given a road that curves a certain way, the computer is shown 
the steering wheel position that a human driver had while 
driving at that point 

▸ This is training data so that the computer can learn that if the 
road is curving, say, to slightly to the right that it should also 
turn the steering wheel slightly to the right 

▸ https://www.coursera.org/learn/machine-learning/lecture/
zYS8T/autonomous-driving 

https://www.coursera.org/learn/machine-learning/lecture/zYS8T/autonomous-driving
https://www.coursera.org/learn/machine-learning/lecture/zYS8T/autonomous-driving


WHAT IS MACHINE LEARNING?

MACHINE LEARNING USE CASES — SUPERVISED LEARNING

▸ Netflix Prize 

▸ Every action that a consumer takes on Netflix generates data for 
Netflix 

▸ Data: 100 million ratings on 18,000 movies from ~500K users 

▸ Goal: predict which movie/movies you’d like to watch 

▸ Recommender system with collaborative filtering algorithm: 
leverages your and other users’ (the collaborative part) movie 
preferences to identify movies you’d enjoy 

▸ Winning model took the average of 800 different algorithms



WHAT IS MACHINE LEARNING?

MACHINE LEARNING USE CASES — SUPERVISED LEARNING

▸ Credit Card Fraud Detection. Classify a credit card 
transaction as fraudulent or not, using features, such as 
time of day, transaction location, type of store, amount, etc 

▸ High School and College Drop Out. Predict which students 
are most likely to drop out of school 

▸ Worker Profiling. Predict which workers are most likely to 
exhaust their UI benefits



WHAT IS MACHINE LEARNING?

MACHINE LEARNING USE CASES — UNSUPERVISED LEARNING

▸ AlphaGo Zero 

▸ Presumably, the “zero” is for zero supervision 

▸ “Previous versions of AlphaGo initially trained on thousands of 
human amateur and professional games to learn how to play Go. 
AlphaGo Zero skips this step and learns to play simply by playing 
games against itself, starting from completely random play” (Deep 
Mind web site, 2017)  

▸ All it was fed were the rules of the game 

▸ It played AlphaGo 1.0 100 times and the new algorithm won all 100 
games



WHAT IS MACHINE LEARNING?

MACHINE LEARNING USE CASES — UNSUPERVISED LEARNING

▸ Google cat 

▸ Google fed its neural network 10 million screenshots of 
YouTube videos and the neural network looked at all of 
them 

▸ Google’s researchers showed it an additional 20,000 
images that the computer had never seen 

▸ Of those 20,000 images, the computer correctly 
identified cat in about 80 percent of the time



WHY MACHINE LEARNING?

BROAD TRENDS

▸ Thanks primarily to the internet, we now have lots of data 

▸  We have far more powerful computers that can implement 
the most effective ML algorithms (deep learning) 

▸ ML has been very effective in the private sector (it can be 
used to drive a car!, but also Facebook, Google Ad Words) 
and so there is interest in the public sector in whether it can 
be effective 

▸ Plus lots and lots of hype:



WHY MACHINE LEARNING?

HYPE



WHY MACHINE LEARNING?

FUNDER INTEREST IN MACHINE LEARNING

▸ Arnold Foundation 

▸ Russell Sage 

▸ Sloan Foundation 

▸ Institute for Education Sciences



WHY MACHINE LEARNING?

PUBLIC SECTOR USES / POTENTIAL BENEFITS

▸ Creates possibility for prediction and early warning, giving 
government the opportunity to intervene either before someone is 
having a problem so that they can be helped. 

▸ ML may allow us to solve problems of missing data. Occupation in UI 
wage data, for example 

▸ May be able to use ML to improve the selection of comparison 
groups, using random forests, for example. Or instead of calculating 
the propensity score using a logit, calculate it using a deep neural 
network 

▸ Clustering to better understand state agency caseloads


