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From Ch, 1: A Hands-0n Inkroduction ko Daka
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: -
What ts Data . &
Sclence? 2

Daka science is “a field of study and practice that
involves the collection, storage, and processing of
data in order to derive important insights into o
problem or phenomenon. ™ - Chirag Shah

' "Data Science is a multidisciplinary blend of daka
inference, algorithm development, and technology
in order to solve analytically complex probi.ems."
Frank Lo, Director of Data Science at Wa:j{air


http://www.bbc.co.uk/programmes/p03916jq/p0393lq5
http://www.bbc.co.uk/programmes/p03916jq/p0393lq5
http://www.bbc.co.uk/programmes/p03916jq/p0393lq5
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Where do we see
Aaba sclence?



~Uaince

o Sources: social media, mobile interactions,
server logs, real-time market feeds,
customer service records, bransaction
details, existing databases

o Build predw%iveﬁ models, Run real-time
simulations of market events, Fraud
detection, risk reduction

o Analyze customer’s purchasing power to
customize bank products



Public Policy

o “The application of policies, regulations, and laws to
the probi.ems of society through the actions of
goveriment and agencies for the good of a citizenry!
(Econ, 7§, Sociology, eke)

o OP@M repasi&ories:

o US goverinment (https://www.data.gov)

o Chicago (_h&&Ps://ciaEa.«cibjofakwago.org)

@ NYC Qk&&ysr//m:;&oyenda%a..so-ara&o\.«com)

o Data Science for Social Good project: 25 data
analytics experts work to find clues ko solve relevant
probi.ems impacting society


https://www.data.gov
https://data.cityofchicago.org
https://nycopendata.socrata.com

Politics

o 2016: Trump’s campaign was an example of using data

science i social media to tailor individual messages to

individual peo [:.’i.e

o Twitter analysis during 2016 campaign:

D

D

Clinton emphasized masculine traits and feminine issues

Trump focused on masculine issues paying ho attention
to Eraiks

Trump used user-generated content as sources of tweets
more than Clinton

3/4 of Clinton’s tweels were original content compared
to 1/2 of Trump'’s (retweets and replies to citizens)



Dark Side of DS

o Cambridge Amatvﬁiﬁa dabka scandal (March
201%)

o Obtained data on approximately ¥7 million
FB users from academic researcher in
order to target political ads during the
2016 US presidential campaigh

o Not the first incident...advertisers,
spammers, and cybercriminals use data
(obtained legally or Ei.i.egod.tj) for feeding
us information



Healkhcare

COVID-19...data galore

Daka: Clinical studies, insurance information,
hospital records, biological data (gene expression,
next-generation DNA sequencing, proteomics, and
mebabolomics)

Personal wearable healkh brackers (fikbit): heart rake,
blood glucose, sleep patterns, stress levels, brain
&C&Lviﬁj

- Apple partnered with Stanford Medicine to collect
and analyze data from Apple Watch to identify
irregular heart rhythms - nsurance companies will
provide Apple Wakches to help keep patients healthier



swa Urban Planning s=a

o The Urban Center for Computation and Data
(UrbanCCD), at the University of Chicaqo, is working to
change the field of urban ptamnma based on daka

o “The comsequences are seen in inefficient
transportation networks belching greenhouse gases and
unplanned city-scale slums with crippling poverty and
health challenges, There is an urgent need to apply
advanced computational methods and resources Eo_%
both explore and anticipate the impact of urbon A
expansion anhd find effective policies and Lo
interventions!” - Charlie Catlett, UrbanCCD "Dwet&or

o chicagoshovels.org - plow tracker, show corps, bus
traciker



http://chicagoshovels.org

Education

o Reading

o Traditional method: short stories, best
every other weel, graded papers

o Fulture: computerized software program
constantly measuring and collecting
data, Linking to websites providing
further assistance, and qiving the student
instant feedback and teacher



Libraries

“Imagine that Alice, a scientist conducting
research own diabetes, asks Mark, a research
Librarian, to help her understand the research gap
n previous literature. Armed with the digital
techiologies, Mark can automate Literature
reviews for any discipline by reducing ideas and
results from thousands of articles inko a cohesive
bullebed List and then apply data science
algorithms, such as network amatvsi,s, to visualize
tremds in emerqging Llines of research on similar
topics. This will make Alice’s job far casier than if
she had to painstakingly read all the articles!



Is DS its owh field or is
it a subset of another?

Daka Scilence and...



Stakistkics

o “data-scientist is a sexed up term for a statistician.” - Nate Silver,
FiveThirtyEight

o Staks: cieve.i.opeci ko ke.tp Feopte deal wikh Fre*compuﬁer “daka
probtems"

o DS: emphasizes the data probtems of the 21sk century (large
datasets, computer code, visualizing daka)

o Nathan Yau of Flowing Data suqqests data scientists have at least
three basic skills:

1. A skrong knowledqge of basic stats and machine learning - or
at least enough to avoid misinterpreting correlation for
causation or extrapolating too much from a small sample

2. CS skills to kale an u,mrulv datasel and use a programming
Llanguage to make it easy to av\atjz@.

3 AbLLE,&-j bo visualize and express data and analysis i a
meaningful way



Computer Scielnce

o Ccumpu%er sciettisks have developed Eechmques
and mebthods that assist in the ‘fi’,ei.ci of DS:

o Database systems (structured and
unstructured)

o Visualization techniques (and associated
algorithms)

o Algorithms making it possible to compute
complex and heterogeneous data in less time
(e.9., machine learning, pattern recognition)

o The two subjects overlap and are “mutually
su.pparﬁve”



g ueer E;Mg

Engineers (chemical, civil, computer, mechanical,
ebec) need data ko solve erabtems

Mutually supportive: DS develops method and
techiniques, Engineering has developed hardware
(e.q., CPU, GPU)

s> “Svwaark” buitdihg &e«tkmiques:

o Predictive alqorithms - better cost estimates
(Location, time of year, total value, relevant cost
indices, eke, )

o 3D printing to predict weale spots

o Drones for monitoring



Busitness Analutics

o “refers to the skills, technologies, and practic€s for continuous
iterative exploration and investigation of past and current
business performance to gain insight and be strategic”

o Need explanative and predictive modeling, fact-based
management for decision-making

o Four Evyes of av\o\itj?:ws:

1. Decision amatjfzits: supyor&s decision-making with visual
analytics that reflect reasoning

2. Descriptive analytics: pravid&s insight from historical data
with reporting, score cards, clustering, ete,

3. Predictive ana&j&ts: @.m?i.o:js pradia&ive modeling using
statistical and machine learhing techniques

4, ?r&scrip&va amatjEi,«t:s: recommends decisions using
Opﬁimiz.aﬁon, sinmulakions, ete,



Social & Computational
Social Science

- am&hrogctogj, arakaemtagj, economics, Linguistics,
Foi&%&«mt sclence, Fsyahatogv, Pubi&a health, and
sctmtagj

Compu&aﬂamal social science kei.ps conheck
theories or results from one discipline to another

o “How will the information revolution in this
digital age Eransform society?”

- Goveriment policies, F?éopte’s mandakes in
elections, and hiring strategies are examples of
applications of computational social science



Data Science =
Information Science?



Daka vs.
Information

o How do you define these two
concepts?

o I have a number: 523...daka?
information?



Daka Sciewnkisks

Interested i thvestigating the
characteristics of data B I

Look for patterns that reveal how people
and society can benefit from the data

What's missing? The processes and people
behind the data (more system side,
phenomena focused). Where is the user’s
perspective?



Information
Scientisks

Loolk ok data in Ehe conkext Ekev are genherated and
wsed

Bridqges the gap between qu&hﬁ&a&v& amatvsis and
an examination of data that tells a story

Focus on the human side of data and information,
n addition to the system perspective

- Scholars in IS tend to combine the user and system
sides to understand how and why data is generated
and the info they convey within a given context



I Summ&rv:
DPaka Sclence: Technical
Information Science: Practical + Human

Alkernative definition of Information
Science - the storage and retbrieval c:»f
data...how you manage the information



Compu@a&ov\at
Thinking

“thinking Like a atompu,&er scienkist”

"Computational thinking is using abstraction and
decomposition when attacking a large complex task
or desighing a large complex system” - Jeannette
Wing, CMU

o lkerative process:

1. Problem formulation (abstraction)

Think. thik. think.
3. Solubion execubion and evaluakiown (amatvses)

2. Solution expression (auktomakion)



£ X O F?i.@.

Find the largest number:
7, 24, 62, 11, &4, 39, 42, §, 97, &4

Lebs do ik svsﬁemaﬂtauj...«



£ X O Fl@.

First, we used d@.{tompus&mu

The process we used could be appi.ied o 100 numbers
or more, abstraction and qeneralization

Abstraction: treating the actual object of interest (10
numbers) as a series of numbers

- Greneralization: ability to devise a process that is
appti&abte to the abstracted quantity (series of
numbers) and not the specific objects (10 numbers)

Sorting is ancther excellent example - Lots of
strategies there as you may have seen in 210



Skills for Data
Sclence

o From Twilter: “Data Scientist (1.): Person who
is better at statistics than any software
engineer and better at software engineering
than any statistician.”

1. Willing to experiment
2. Proficiency in mathematical reasoning

3. Data literacy (ability to extract meaningful

information from a datasek) *



£ X O F?i.@.

o Lebts work on a daka-driven
probtem:

o start with a Farc}bi.em, idam?:bfj a
data source, collect data, clean
the data, analyze the data, and
present our findings



£ X o Fai@.

What can you tell me Observation ‘Ikﬁ' (W) | Weiqht (Lbs)

about this daka? 1 o¥ 115
2 S5 117

* Av\v easy skaks? 3 &0 120
4 &1 123

' f{eta&&onsmps;? s 62 126
& 63 129

On average, how 7 &4 132
much herease i % 68 138
welght with 17 9 66 139
herease i height? 10 &7 142
11 &Y 14-&

Is itk um&wm? 12 &0 180
13 70 164

What aboubt someone P - 159
§7"? 73"¢ 15 72 164




Tools

No special tools but definitely some more suitable than
obthers

Any programming language would do, but you can plot
a gro\[oh LA ‘Pv&kov\ tn one Line...it talkkes more in C or

Java \@’
I N
K is very Poputm as well . .

Dabkasels can be stored in €SV and Load in inko Python/
R....xshat’s the issue?

' SQL Database - can access through ?v&hom/fi{

' UNIX - allows one to solve many daka probi&ms and
data processing heeds without writing any code



Ethics, Bias, and Privacy

o Anytime you're dealing with data, you have to
consider these topics. EOX

nnnnnnn

o Politics and media - excellent example

o How, where, and why was the dabka collecked?
o Who collected it?

o Whalk did Eh@.ﬁ intend ko use it for?

o I the data was collected from people, did these
people know that:

o such data was being collected?

o how khe doka would be used?



Origin of Data

o Avaitabiti;%v of data !z Right to use

o Google bi.c;a-g: k&&psz//aiﬁgoogte/
responsib&t&&ies/respomsibtemaiﬂprac&tes/

o https://wwwwired.com/story/prominent-ai-
ethics-researcher-says-google-fired-her/



https://ai.google/responsibilities/responsible-ai-practices/
https://ai.google/responsibilities/responsible-ai-practices/
https://www.wired.com/story/prominent-ai-ethics-researcher-says-google-fired-her/
https://www.wired.com/story/prominent-ai-ethics-researcher-says-google-fired-her/

Issues: Ethics, Bias,
and Privacy

o Anytime 30%’1‘@. dealing with data, you
have to cownsider these topics.

o Polikics and media - excellenk examyte



What are vcm ;
wor&l«? ‘

Faceboole $16%

Google f1¥2

Amazon $733




ebhical Daka

o If the data is ethical, that means,
were qood, right?

o If a daba scientist is not careful,
inherent bias in the data can show
up in the anatjsis and the insights
cl@_vetopec&



Next Class

o ‘?’ar&&ipa&icum &C&W&Ev on Moodle -
uindividual or a par&mer

o Download 3%{?3%@1’ Notebool, can be with
Anaconda - make sure you get the
?:ﬁkom mﬁerpre&er

o Greb the books, we'll qo over Ch. 1 in the
‘?j&kom boolk o Tku,rscl.av - reading
ahead is highly encouraged



