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ERE S VVHAT KEEPS ME UP Al NIGISIEE

¢ Data Science courses — with no “data’”

SOMETIMES T LIE AWAKE AT NIGHT, Vi

AND T ASK,WHY AM T HERE?' * Our Intro Stats course becoming even less

relevant to students’ needs

e Students thinking that the world (or at least the
Statistics world) Is univariate

* [hat we are teaching the same course we
e gialikd Bl G EEi |

* That we have replaced Math envy with CS envy



'SCIENCE

Scurce: Palmer, Shelly. Data Science for the C-Suite.
Naw York: Digita! Living Press, 2015. Print.




[
/

Computer / Machine

Science Learning '

Data science is a method for gleaning insights
from structured and unstructured data using
approaches ranging from statistical analysis to
machine learning.
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That Guy Who
~ Stole Your
Identity Online
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s Thomasine lands her
Y dream job
— analyst for H&M




H&M's growth in stores vs. overall operating
profit growth

W Stores growth ® Operating profit growth
25%
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WHAT COURSE(S) ARE WE TALKING ABOUT?

* Intro to Data Science!

+ The Intro Course that covers statistical thinking,
computing and data curation, architectures and

storage Is a unicorn.
« What can we cover?




WHEN I STARTED
PROGRAMMING, WE DIDN'T

HAVE ANY OF THESE
SISSY “ICONS” AND
"WINDOWS.”




WHEN I STARTED ALL WE HAD WERE ZEROS
PROGRAMMING, WE DIDNT

AND ONES -- AND
SOMETIMES WE DIDN'T
EVEN HAVE ONES.

HAVE ANY OF THESE
SISSY “ICONS” AND
“WINDOWS.”

SAdams  © 1382 Ursed Feature Syndicate, inc.
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WHEN 1 STARTED
PROGRAMMING, WE DIDN'T
HAVE ANY OF THESE

SISSY “ICONS” AND
“WINDOWS”

L

SAdams  © 1392 Urted Feature Syrdicate, Inc
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ALL WE HAD WERE ZEROS
AND ONES -- AND
SOMETLMES WE DIDN'T
EVEN HAVE ONES.

|

1

I WROTE AN
ENTIRE
DATABASE
PROGRAM
USING ONLY
ZEROS.

YOU HAD
ZEROST WE
HAD TO USE
THE LETTER
g 6




B PY | HON VS |MP (TABLEAUSEIESS

* Fach has its advantages. Q TS g
* Eventually, a data science student should )
see all of these

* [he beginning student?

Teach the power of Statistics not the
mechanics

* \Which to start with?
Data 8 course




# Count how many times the names Jim, Tom, and Huck appear in each chapter.

counts = Table().with_columns([
'Jim', np.char.countChuck_finn_chapters, 'Jim'),
'Tom', np.char.countChuck_finn_chapters, 'Tom'),
'Huck', np.char.countChuck_finn_chapters, 'Huck')
D

# Plot the cumulative counts:
# how many times in Chapter 1, how many times in Chapters 1 and 2, and so on.

cum_counts = counts.cumsum().with_column('Chapter', np.arange(1, 44, 1))
cum_counts.plot(column_for_xticks=3)
plots.title('Cumulative Number of Times Each Name Appears', y=1.08);

Cumulative Number of Times Each Name Appears

0 10 20 30 40
Chapter

In the plot above, the horizontal axis shows chapter numbers and the vertical axis shows how
many times each character has been mentioned up to and including that chapter.



WHAT

Brian Steele - John Chandler
Swarna Reddy

Algorithms
for Data

Science

@ Springer

NOIT 1O [EAGEE

3.6 Tutorial: Histogram Construction

path = r’../Data/’ # Set the path to match your data directory.
fileList = os.listdir(path) # Creates a list of files in path
for filename in fileList:
try:
shortYear = int(filename[6:8])
year = 2000 + shortYear

fields = functions.fieldDict[shortYear]
sWt, eWt = fields[’weight’]
sBMI, eBMI = fields[’bmi’]

file = path+filename

print(file,sWt, eWt,sBMI|, eBMI)
except(ValueError, KeyError):

pass

http://www.ams.org/journals/bull/2019-56-01/S0273-0979-2017-01596-0/
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AL ISN T DATA SCIENIGHSS

e Some elementary coding

e The bits from statistics the don't require thinking
e Exploratory Data Analysis
e Summary Statistics
e Machine Learning Algorithms

“‘Nowadays anyone with a laptop and a script can
scrape data off the Internet, feed it into an R
package, and publish the results. Obviously this
ISn't data science, but the average citizen isn't
going to know the difference.”



I REAL VWORK OF

DATA SCIENGES

TR TR e Helping to formulate the problem
THE REAL WORK OF e Understanding which data to

DATA SCIENCE consider and the strengths and

TURNING DATA INTO INFORMATION,

limitations in the data

BETTER DECISIONS, AND STRONGER ORGANIZATIONS o Determ i n i n g When neW d ata are

A”’\g\ 'If\
5800

needed

e Making clear where the data ends
and “intuition” takes over

® Presenting results

e Recognizing that practical

...... decisions involve more than data



Organizational ecosystem.
including maturity, decision-
making capability, structure

20



DO WE GET THERE?

Curriculum Guidelines for
Undergraduate Programs in
Data Science®

Richard D. De Veaux,! Mahesh Agarwal,?

Maia Averett,> Benjamin S. Baumer,* Andrew Bray,’
Thomas C. Bressoud,® Lance Bryant,” Lei Z. Cheng,
Amanda Francis,” Robert Gould,!° Albert Y. Kim,!!
Matt Kretchmar,!? Qin Lu,* Ann Moskol,*
Deborah Nolan,'* Roberto Pelayo,'® Sean Raleigh,!”
Ricky J. Sethi,'® Mutiara Sondjaja,'®

Neelesh Tiruviluamala,?® Paul X. Uhlig,?!

Talitha M. Washington,?? Curtis L. Wesley,?

David White,?* and Ping Ye?

8



e Daiia curation
e Knowledge transference—
communication and responsibility






Analysis and Presentation, including Human-Computer Interaction and Visual
e Professionalism

Other areas of computing may merit attention: sensors and sensor networks, the
Internet of Things, vision systems, among others.
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Data Science: What the Educated Citizen

Needs to Know

by Alan M. Garber

LDl U1 U A e ‘. ple and popu|a-ti0.‘ . n i' OpPrid S\ ) B AT B ey
data ”

3. Two types of errors and consequences

4. Basic inference and causation vs. association



The Lay-up shot

. Take two steps. Jump up, not forward.

. Bring the ball up with two hands 10 the
shooting position.

. Bring your knce up.

. Shoot with the outside hand, using the
inside anm to protect the shot.

. At the height of the jump. shoot the ball
softly off the backboard,

. Aim for the top comer of the black
square,

‘Taking off with their inside foot?

Bringing their knee up?

Using one hand to shoot?

Hitting the top comer of the square on the backboard?




Candice M. Corvetti

Principal

L — Candice joined Berkshire Partners in 2014. Prior to Berkshire, she worked at Madison
Dearborn Partners. Candice started her career as an analyst at ].P. Morgan.

Education
Williams College, B.A.
Stanford Graduate School of Business, M.B.A.
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200000 400000 600000 800000

2000 3000 4000 5000
livingArea

Coefficients:

Estimate Std. Error t value Pr(>|t])

(Intercept) 13599.164 4991.695 2.724 0.00651

livingArea 111.218 2.968 37.476 < 2e-16

FireplaceTRUE 5567.377 3716.947 1.498 0.13436
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AT ABOUT BEDROCQIREE

Which one costs more?

; :ﬂ]]} ¢
g 7
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8 bedrooms 2 bedrooms
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Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) 33252 9630 3.453 0.000568
bedrooms 57196 3044 18.789 < 2e-16 ***
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50!_0"
90m
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20-8" X 12-4"
6,20 X 3,70

If | chop each bedroom into 4, I'll have an 8 bedroom house worth > $250,000 more !!!
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Content

Environmental Remediation Sites are areas being remediated under one of DEC's remedial
programs, including State Superfund and Brownfield Cleanup. This database contains records of the
ites which have been remediated or are being managed under by the agency. All sites listed on the
"Registry of Inactive Hazardous Waste Disposal Sites in New York State" are included in this
database. The Database also includes the "Registry of Institutional and Engineering Controls in Ne

ST

~ York State". ‘

Each site record includes: Administrative information, including site name, classification, unique site
code, site location, and site owner(s). Institutional and Engineering Controls implemented at the site.
Wastes known or thought to be disposed at the site.

w

....

e Did the analysis solve the problem?






1. Introduction to Data Science 1

(a) Vision
e A complete alpha-to-omega introduction to data science. Students will

engage in the full data workflow, including collaborative data science
projects. This class is meant to be a high-level introduction to the spectrum
of data science topics, probably best taught in an iterative cycle from initial
investigation and data acquisition to the communication of final results

(b) Learning goals

e Exploring and wrangling data

e Writing basic functions and coding

e Summarizing, visualizing, and analyzing data

e Modeling and simulating deterministic and stochastic phenomena

e Presenting the results of a complete project in written, oral, and graphical
forms

45



2. Introduction to Data Science II
(a) Vision

e Exposure to different data types and sources, the process of data curation
for the purpose of transforming them to a format suitable for analysis.
Introduction to the elementary notions in estimation, prediction and
inference. We envision this class to be taught through case studies involving
less-manicured data to enhance their computational and analytical abilities.

(b) Learning goals
e Interacting with a variety of data sources including relational databases
e Accessing data via different interfaces
e Building structure from a variety of data forms to enable analysis

e Formulating problems and bringing elementary concepts in estimation,
prediction, and inference to bear

e Understanding how the data collection process influences the scope of
inference

46



How 65 Bay St. was deemed part of a needy area

In the final map approved by state officials, 16 census tracts were linked
together to connect the affluent Jersey City waterfront to impoverished and
crime-ridden neighborhoods nearly four miles away. This allowed the project
to qualify for low-interest loans through a U.S. visa program.

UNEMPLOYMENT RATE PER 1 s
CENSUS TRACT, 2011-2015 0% 5 10 15 20 25 30%

65 Bay Street
®

Manhattan

N
@Q;
Q.
§
®

NEW
JERSEY

e Brooklyn
S AMILE

Source: Census Bureau ANDREW TRAN AND GABRIEL FLORIT/THE WASHINGTON POST
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RECIDIVISM ALGORIENSHN

Two Petty Theft Arrests
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_ & BRISHA BORDEN
LOW RISK 3 HIGHRISK 8

Borden was rated high risk for future crime after she and a friend
took a kid’s bike and scooter that were sitting outside. She did not
reoffend.

In forecasting who would re-offend, the
algorithm correctly predicted
recidivism for black and white
defendants at roughly the same rate
(59 percent for white defendants, and
63 percent for black defendants) but
made mistakes in very different ways.



RECIDIVISM ALGORIENSHN

Two Petty Theft Arrests
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LOW RISK 3 HIGHRISK 8

Borden was rated high risk for future crime after she and a friend
took a kid's bike and scooter that were sitting outside. She did not
reoffend.

» Black defendants who not recidivate over a two-year period

were nearly twice as likely to be misclassified as higher risk
compared to their white counterparts (45 percent vs. 23

percent).

White defendants who re-offended within the next two years
were mistakenly labeled low risk almost twice as often as black
re-offenders (48 percent vs. 28 percent).

Even when controlling for prior crimes, future recidivism, age,
and gender, black defendants were 45 percent more likely to be
assigned higher risk scores than white defendants.

The violent recidivism analysis also showed that even when
controlling for prior crimes, future recidivism, age, and gender,
black defendants were 77 percent more likely to be assigned
higher risk scores than white defendants.
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Cs 1114
Intro to
Software Design

CS 2114
Software Design
& Data Structures

weak prerequisite
gyl dhghs Lingrad

Integrated path

MATH 1225
Calculus of a
Single Variable |

MATH 1226
Calculus of a
Single Variable Il

CMDA Major Requirements
Standard Track

CMDA 2005
Integrated
Quantitative
Science |

MATH 2114
Intro to
Linear Algebra

]

CMDA 2006
Integrated
Quantitative
Science Il

CMDA 3634
CS Foundations
of CMDA

@ VirginiaTech

[

th

Traditional

y

Multivariable Calc

Stat Methods |

MATH 2214
Intro to
Differential Eqns

STAT 3006
Stat Methods Il

y

STAT 3104
Probability and
Distributions

CMDA 3605
Math Modeling |

y
CMDA 3654
Intro Data Analytics
& Visualization

CMVDA 4654
Intermediate Data
Analytics & ML

|

CMDA 3606
Math Modeling Il

CMDA 4864
CMDA C

CMDA 4864 (CMDA Capstone) requires as a

Project

prer

1

te either (CS 2114-CMDA 3634) or

(CMDA 3605-3606) or (CMDA 3654-4654).

+ 12 credits
of
CMDA
electives
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8.CS 256 - Algorithms (or maybe 237 - Computer Organization) ...
9.Capstone: Stat 442 - Statistical Learning or CS 374 - Machine Learning

10.Pre-approved domain elective (in something other than CS/Math/Stat?)



First-year moa:osnmm_




o Data Scie




b iie APOLOGIESHNG
D, HOFFMAN, AND LIVINGS TGS

Data science, Data science

Night and day it’s Data science
Some say it’s just statistics

Some say that it’s comp science
But what we’re really scared of

Is losing all our clients

So maybe we should join them
And just form some grand alliance
Data science data science

Data science
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Data science, data science

Night and day it’s data science
Now think about the Russians
And imagine our reliance

As we’re putting neural networks
Into every damned appliance

To imagine this disaster

Doesn’t take much rocket science
Data science data science

Night and day it’s data science
Data science



