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What is Data Science?
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What (do you think) is
Data Science?
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Data science is a ‘concept to unify statistics,
data analysis, machine learning and their
related methods’ in order to ‘understand

and analyze actual phenomena’ with data.

“Data science is the discipline of making
data useful.”
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Drew Conway

Drew Conway is an American data
scientist known for his venn
diagram definition of data science
as well as applying data science to

study terrorism. UNIVERSITY OF
CALGARY




The Data Scientist Venn Diagram
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Area Knowledge

OUR. FIELD HAS BEEN
STRUGGLUING WITH THIS
PROBLEM FOR YEARS.

iR,

STRUGGLE NO MORE!
I'™M HERE TO SOLVE
T WNTH ALGORITHIMS!

\

SiX MONTHS LATER:
LOW THS PROBLEM
5 FEFlL‘r' HARD
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This Photo by xkcd.com is licensed under CC BY-SA-NC
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http://hallama.org/musicbusiness/musikmarkt_umbruch_internet_2017
https://creativecommons.org/licenses/by-nc-sa/3.0/

1935: “The Design of Experiments™ 1939: “Quality Control” 1958: “A Business Intelligence System”
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Short History — How We Got Here

* The Design of Experiments is a 1935 book by the English statistician Ronald
Fisher about the design of experiments

* Deming edited a series of lectures delivered by Shewhart at USDA, Statistical
Method from the Viewpoint of Quality Control, into a book published in 1939

* |BM Peter Luhn paper 1958 “An automatic system is being developed to
disseminate information to the various sections of any industrial, scientific or
government organization. “

* 1977 This book serves as an introductory text for exploratory data analysis.

* In 1989 Gartner analyst Howard Dresner again brought the phrase “business
intelligence” into the common vernacular. He employed it as a general term to
cover the cumbersome-sounding names for data storage and data analysis.

* Tom Michell 1997 Machine Learning is the study of computer algorithms that
improve automatically through experience.
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Short History — How We Got Here

* The first version of Google was released in August 1996 on the Stanford

website. It used nearly half of Stanford's entire network bandwidth. Algorithm
to rank documents (webpages).

* 2007 Data is fourth paradigm. Outlines a two-part plea for the funding of tools
for data capture, curation, and analysis, and for a communication and
publication infrastructure. He argued for the establishment of modern stores
for data and documents that are on par with traditional libraries.
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Short History — How We Got Here

* 2009 Problems that involve interacting with humans, such as natural language
understanding, have not proven to be solvable by concise, neat formulas like F
= ma. Instead, the best approach appears to be to embrace the complexity of
the domain and address it by harnessing the power of data.

* 2010 Analysing it, to spot patterns and extract useful information, is harder still.
Even so, the data deluge is already starting to transform business, government,
science and everyday life. It has great potential for good—as long as
consumers, companies and governments make the right choices about when to
restrict the flow of data, and when to encourage it.
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Why Data Science?
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Data Science Pipeline - Collection

Collecting =p Cleaning = Analyzing = Presenting
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Activity
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® 00 / mData | The World Bank X\

€« C ) data.worldbank.org

@ THE WORLD BANK | wWorking for aWorld Fres of Poverty English Espafiol Fran
IBRD - IDA

Home About Data Research Learning News Projects & Operations Publications

Country By Topic = Indicators

This page in English | Espafiol = Frangais | 4 }

World Bank Open Data: free and open access to data about development in countries arour

Engagement Find an in

Areas

Qutcomes

BROWSE DATA

By Country - By T
Launch of a live, interactive
application for the India Country
Partnership Strategy Indicators [¢ use
Posted on 22 Sep 2014 o

SurveyMonkey

| related data: regional trends,

. . FEATURED RECENTLY Ul
— ' Global child mortality rate World Devel . Gonder Stat
dropped 40% since 1990 orld Developmen ender Statis
pped 49% 99 Indicators 16 Sep, 2014
Emi Suzuki | Posted on 16 Sep 2014
Open Finances Health Nutriti
Taking a closer look at youth- Projects & Operations Population ...
16 Sep, 2014

_ Open Government Data X
differences Toolkit View data cata

Hiroko Maeda | Posted on 2 Sep 2014

Extremely well
Quite well

J Moderately well
Slightly well

Not at all well

Extremely effective
Very effective
Moderately effective

Slightly effective

1. How well do the professors teach at this university

2. How effective is the teaching outside your major at this university?

This survey asks students to assess educational, social, and other aspects of your
university. How effective is the teaching? Is their academic advisor helpful? Do students feel
safe on campus? When you get to know what your students want, you can improve certain
programs and your overall enrollment and retain students. Customize this template or add
questions if you want to know how students experienced specific programs or events.

To create a survey using the University Student Satisfaction survey template, just sign up or
Qi in A Q1 irvevMAankay VAl ke ahle 4 ~hanes the tamnlata whan valt hamin ~araatine a

For developers Terms of use Em:
View all news | View all blogs »

The Data Minute: What is Inequality of Opportunity? Ml

The Data Minute: What is Ineaualitv of Ooportun.___
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Data Science Pipeline - Cleaning

Collection =p Cleaning =p Analyzing = Presenting
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Duplicate values, incorrect formatting, etc.
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Data doesn’t look right?
Answer doesn’t look right?

Duplicate values, incorrect formatting, etc.

UNIVERSITY OF

CALGARY



20

Data doesn’t look right?
Answer doesn’t look right?

Duplicate values, incorrect formatting, etc.

Selection bias, dependence, etc.
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Data Science Pipeline - Analysis

Collection = Cleaning = Analyzing = Presenting
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gather data, clean data, apply statistical tools, visualize data to address questions
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gather data, clean data, apply statistical tools, visualize data to address questions

inspect “answers” and ask new questions
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| Pie | have eaten
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Electronegativity

504

40-

30

20

Scatter Plot

J
50

J
75

T
100

T T
125 150
lonization Energy

T
175

T
200

T
250

LGN UNIVERSITY OF

™

¥ CALGARY



29

Electronegativity

Scatter Plot
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Electronegativity

Scatter Plot
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Extrapolating?
My HOBRY:

EXTRARPOLATING

AG YOU CAN SEE, BY LATE
NEXT MONTH YOU'LL RAVE

OVER FOUR DOZEN HUSBANDS,

) BETTER GET A
BULK RATE ON
WEDDING CAKE.

This Photo by xkcd.com is licensed under CC BY-SA

LGN UNIVERSITY OF

¥ CALGARY


http://stats.stackexchange.com/questions/423/what-is-your-favorite-data-analysis-cartoon
https://creativecommons.org/licenses/by-sa/3.0/

32

Correlation?

T USED 10 THINK,
(ORRELATION IMPUED
CAUSATION.

1

THEN I TOOK A

STATISTICS CLASS.
NOW I DON'T,

B

SOUNDS LKE THE
ELF’IES HELPED.

WELL, I"‘THTE-E

M

¥) CALGARY


http://disjointedthinking.jeffhughes.ca/2013/04/correlation-and-causation/
https://creativecommons.org/licenses/by-nc/3.0/
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Causation?

ANOHER HUGE. STuDY
FOUND No EVIDENCE THAT
CELL PHONES CAUSE CANCER.
LHAT WAS THE WHO. THINKING?

T THINK THEY JsT
GOT 1T BACKLARD.

@P.

This Photo by xkcd.com is licensed under CC BY-SA-NC
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HUH?
WELL, TAKE
A LOCK.
/

UNITED STATES:
L [ e
TOTRL CANCER
| INCIDENCE -
+ 50
2
PER, legern : L
W7o 1980 1itg 20en 2000

YOURE NOT...THERE ARE S0
MANY PROBLEMS WITH THAT,

JUST To BE SAFE, UNTIL
I SEE MCRE DATA T'M

GOING To ASSUME CANCER
CAUSES CELL PHONES.

LGN UNIVERSITY OF

W) CALGARY



http://blog.anggriawan.com/2014/07/logical-fallacy.html
https://creativecommons.org/licenses/by-nc-sa/3.0/
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- Regional Income Distribution

This graph shows how many
people live on different income
levels by region, in 2000

South Asia
East Asia

East Europe
Latin America
QECD

Dollars per da},r Click here to continue
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Curve-Fitting

CURVE-FITTING METHODS
AND THE. MESSAGES THEY SEND

—_—

*I NEED TO CONNECT HESE  “USTEN, SCENCEISHARD. "L HAVE A THEORY,
O LNES BUT MYFRSTIEA  BUT IMASEROUS  AND THIS 1S THE ONLY
DIONT HAVE ENOUGH MATH?  PERSON DOWG MYBEST"  DRTA T COULD FIND

"A5 YOU CPN SEE, THIS
MODEL SMOOTHLY FITS
THE= LI ANDAD Dovr
EXTEND IT ARARARY

LU L]
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Data Science Pipeline - Presentation

Collectfion = Cleaning = Analyzing = Presenting
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Visualization via Drawing - XKCD

GRAVITY WELLS

SCALED TO EARTH SURFACE GRAVITY

THIS CHART SHows THE ‘DEFTH' oF
VARIOUS SOLAR SYSTEM GRAVITY WELLS.

EACH WELL 1S SCALED SUCH THAT RISING
OUT OF A PHYSICAL WELL OF THAT DEPTH —
IN CONSTANT EARTH SURFACE. GRAVITY —
\JOULD TAKE THE SAME ENERGY AS ESCAPING
FROM THAT PLANETS GRAVITY IN REALITY,
EACH PLANET 15 SHOWN CUT IN HALF

AT THE BOTTOMOF ITS WELL, WITH THE
DEPTH OF THE WELL MERSURED DOWN

To THE FIANETS /ZAT SURFACE.

THE PLANET S1ZES ARE TOTHE
SAME SCALE AS THE WELLS.
INTERPLANETARY DISTANCES ARE
NOT T SCALE -

_ G*Ruerriass
9 *HaverRamus
G=NESTONS. CONSTANT

DeFmH

THIS ISWHY 1T ROK

HUGE ROCKET To @-A
T THE MOON BUTONLY A
SMALL ONE TO GET BACK.

JUPITER 15 NOT MUCH LARGER

THAN SATURN, BUT MUY MORE MPESIVE.
AT s SZE., ADDING MORE MPss ST
MAKES |T DENCER DUE To THE EXTRA IT TAKES THE SAME AMOUNT OF ENERGY To LAUNGH
SQUEEZING OF GRAVITY. imgi-lme ON AN ESCAPE TRATECTORY AWAY FROM EARTH
IF YoU DROPPED A FEW DOZEN MORE S IT WOULD To LAUNCH \T 6,000 kn UPWARD UNDER
JII:JPHERS INTO [T, THE PRESSURE WoulD CONSTANT 9.81 s EARTH GRAVITY,

IGNITE RISION AND MPKE ITA STAR . HENCE, EARTH'S WELL 15 6,600 k DEER

This Photo by xkcd.com is licensed under CC BY-SA
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% of students with the following math
assessment scores

40%

0%
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Presentation

T THINK WE SHOULD
GWVE IT ANOTHER SHOT.

LJE SHOULD BREAK,
UP AND I (AN
F‘R:#E T

Mf

1

OUR RELATIONSHIP

HRE

This Photo by xkcd.com is licensed under CC BY-NC-ND

s

MAYRE YOURE RIGHT.

[ T KEW DATA WoULD CONVINCE YOU.

ND T JUST THINK. T CAN DO
RBENMER THAN SOMEQNE WHO

POESN'T LABELHER AXES,

1
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45

Written Reports

Written reports and responses
* How well can you convey ideas?

* How much details have you provided?

* Are you effectively using the combination of text and images? Is your report
well structured?

* |Is it easy for people to follow?
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Data Pipeline — Automation?

Collection =p Cleaning =p Analyzing =p Presenting

CHECK [T OUT—T MADE A
FULLY AUTOMATED DATA
PIPELINE THAT COLLECTS
AND PROCESSES ALL THE
INFORMATION \JE NEED.

H

15 IT A GIANT HOUSE OF CARDS
BUILT FROM RANDOM SCRIPTS
THAT WILL ALL COMPLETELY

COLLAPSE THE MOMENT ANY
INPUT DOES ANYTHING WEIRD?

R

IT.... MGHT NOT GE.
[ T GUESS THAT'S SOMETH-

WJHOOPS, JUST
COLLAPSED. HANG
ON, I CAN PATCH IT.

i
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Machine Learning

THIS 1S YOUR MACHINE LEPRNING SYSTET1?

YUP! YOU POUR THE DATA INTO THIS BIG
PILE OF LINEAR ALGEBRA, THEN (OLLECT
THE ANSLJERS ON THE OTHER SIDE.

WHAT IF THE ANSLIERS ARE LURONG? )

JUST STIR THE PILE UNTIL
THEY START LOOKING RIGHT.

47

A UNIVERSITY OF

N
W

CALGARY



Onward to ...
Visualization

Jonathan Hudson

L L1&9]] ]
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