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Announcements
e Check out the [SBWL Data Science club] at LEARN.
e (6-months free) Access to [DataCamp]

e Beware! Assignment 1 will be published today (06.10, 18:00).


https://learn.wu.ac.at/dotlrn/clubs/data/one-community?page_num=0
https://www.datacamp.com/

Data Science



Data Science
 What is Data Science?
 What problems does Data Science address?
 How do Data Scientists work?

e What tools do Data Scientists use?



What is Data Science?

e "There’s a joke running around on Twitter that the definition of a data scientist is ‘a data analyst who lives in California"— [Malcolm Chisholm?,
@nivertech?]

e "Data Scientist (n.): Person who is better at statistics than any software engineer and better at software engineering than any statistician."
[Josh Wills]

e "A data scientist is that **unique blend of skills** that can both unlock the insights of data and tell a fantastic story via the data," — [DJ Patil]

» "Data scientists are involved with gathering data, massaging it into a tractable form, making it tell its story, and presenting that story to others,"
— [Mike Loukides]

« "taking all aspects of life and turning them into data." [Kenneth Neil Cukier and Viktor Mayer-Schoenberger]

» "Data science teams need people with the skills and curiosity to ask the big questions." [DJ Patil]


https://twitter.com/nivertech/status/180109930139893761
https://www.youtube.com/watch?v=h9vQIPfe2uU
http://radar.oreilly.com/2011/09/building-data-science-teams.html
http://radar.oreilly.com/2011/09/building-data-science-teams.html

What is Data Science?
... bottomline: there is no single definition, but some main recurring terms:

about "datafication"

unique blend of skills (teamwork!)

gathering data

massaging data

telling a story about the data



Datafication
A growing area of private and social life become reflected in computerised data to be turned into "valuable" insights.

e user tracking on the Web
 self-quantification
e cyber-physical ("smart") information systems: smart vehicles, smart stores, etc.

e "smart" marketing

... plus some recurring mention of common skills...



Data Scientists' Skills

Data analyst Data scientist
Analyt. skills Analytical thinking Excellent in math and statistics

Apply established analysis methodsVisualisation, new approaches
Tech. skills Data modelling, databases Data modelling, databases

Use of analysis tools Data mining

Programming skills of advantage  Algorithm development, method abstraction
Domain knowledgeDetailed domain knowledge Background domain knowledge

Project management Creativity

Communication skills Team work



Data Scientists' Skills

"3 sexy skills of data geeks" (Nathan Yau, Rise of the Data Scientist, 2009)

» Statistics (data analyses as known to you; see course on "Data Analytics")
 Visualization (plots, visualisation tooling like dashboards, etc.; Data Science Lab)

« Data munging (scraping, parsing, formatting, and cleaning data) (This course)


http://flowingdata.com/2009/06/04/rise-of-the-data-scientist/

What problems does Data Science address?

Example for data journalism

» focus on politics, economics and sports

Who will win the presidency? (USA 2016)

Should Travelers Avoid Flying Airlines That Have Had Crashes in
the Past?

A Statistical Analysis of the Work of Bob Ross

2014 World Cup Predictions

Dataset for published articles

FiveThirtyEight
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http://projects.fivethirtyeight.com/2016-election-forecast/?ex_cid=rrpromo
http://fivethirtyeight.com/features/should-travelers-avoid-flying-airlines-that-have-had-crashes-in-the-past/
http://fivethirtyeight.com/features/a-statistical-analysis-of-the-work-of-bob-ross/
http://fivethirtyeight.com/interactives/world-cup/
https://github.com/fivethirtyeight/data

Data Science as a Process



What does a Data Science process look like?
Example of a "classic" data-driven process: ETL in dataware housing

e ETL refers to a process in database usage and especially in data warehousing that:

e Extracts data from homogeneous or heterogeneous data sources

e Transforms the data for storing it in proper format or structure for querying and analysis purpose (includes cleansing of deduplications,
Inconsistencies, dealing with missing data,...)

e Loads it into the final target (database, more specifically,

operational data store, data mart, or data warehouse)

See., e.g. Matteo Golfarelli, Stefano Rizzi. Data Warehouse Design: Modern Principles and Methodologies. McGraw-Hill, 2009.



What does a Data Science process look like?
"Classic" views are challenged by datafication:

e The "classic view" typically assumes: fixed, static processing pipelines vs. iterative, dynamic pipelines in DS
» Typically assumes complete/clean data at the "load" stage vs. messy data in DS

» Data cleansing sometimes viewed as a part of a Transform step, sometimes not



What does a Data Science Process look like?

"Knowledge Discovery in Databases (KDD)" process (often used in the course of Data Mining)
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http://www2.cs.uregina.ca/~dbd/cs831/notes/kdd/1_kdd.html

What does a Data Science Lifecycle look like?

Towards a "Data Science workflow"
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Figure 2-2. The data science process

Cathy O'Neil, Rachel Schutt. Doing Data Science: Straight Talk from the Frontline (O'Reilly, 2013) (Chapter 2)


http://shop.oreilly.com/product/0636920028529.do

Iterative Operationalisation

Danyel Fisher & Miriah Meyer. "Making Data Visual" (O'Reilly, 2018) (Chapter 2)*



Iterative Operationalisation (cont'd)

Operationalisation involves searching for proxies (proxy tasks, proxy values) for the original question, standing-in for it at the level of the data
set.

Ex. data: a list of movies with ratings (e.g., IMDB) and a list of directors

Q1: "Who are the best movie directors"?

Proxy for best director: "Having directed many good movies"

e Q2: "What is a good movie"?

e Proxy: Good movie: "Having many good IMDB ratings"

e Q3: What is a "good" rating? How many ratings constitute "many" ratings?

e Proxy: distributions of rating scores and number of ratings per movie



Challenges in Data Science
WARNING: At each stage, things can go wrong! Any filtering/aggregation may bias the data!

 [...] data scientists [...] spend a lot more time trying to get data into shape than anyone cares to admit—maybe up to 90% of their time. Finally,
they don’t find religion in tools, methods, or academic departments. They are versatile and interdisciplinary*

 Yet far too much handcrafted work — what data scientists call "data wrangling," "data munging" and “data janitor work” — is still required.
Data scientists, according to interviews and expert estimates, spend from 50 percent to 80 percent of their time mired in this more mundane
labor of collecting and preparing unruly digital data, before it can be explored for useful nuggets.

“Data wrangling is a huge — and surprisingly so — part of the job,” said Monica Rogati, vice president for data science at Jawbone, whose sensor-
filled wristband and software track activity, sleep and food consumption, and suggest dietary and health tips based on the numbers. “It's something
that is not appreciated by data civilians. At times, it feels like everything we do.”™ New York times


http://www.nytimes.com/2014/08/18/technology/for-big-data-scientists-hurdle-to-insights-is-janitor-work.html

Challenges in Data Science (cont'd)
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Monica Rogati, Jawbone's vice president for data science, with Brian Wilt, a senior data scientist.
Peter DaSilva for The New York Times

Technology revolutions come in measured, sometimes foot-dragging steps.
The lab science and marketing enthusiasm tend to underestimate the
bottlenecks to progress that must be overcome with hard work and practical

engineering.



The Data Science Lifecycle: your own experiences?

Which difficulties have you already experienced when working with data?



The Data Science Lifecycle: your own experiences?

Which difficulties have you already experienced when working with data?

1. ... ever had problems loading/ importing a file someone sent to you because of an unknown file format?



The Data Science Lifecycle: your own experiences?

Which difficulties have you already experienced when working with data?

2. ... ever encountered something like this: "K@snudI"?



The Data Science Lifecycle: your own experiences?

Which difficulties have you already experienced when working with data?

3. ... ever encountered blanks in your data?



The Data Science Lifecycle: your own experiences?

Which difficulties have you already experienced when working with data?

4. ... ever saw an observation (an insight, a trend) disappear when combining from different data sets (a.k.a. "Simpson's paradox")



The Data Science Lifecycle: your own experiences?

Which difficulties have you already experienced when working with data?

1. ... ever had problems loading/ importing a file someone sent to you because of an unknown file format?

2. ... ever encountered something like this: "K@snudI"?

3. ... ever encountered blanks in your data?

4. ... ever saw an observation (an insight, a trend) disappear when combining from different data sets (a.k.a. "Simpson's paradox")

5. ... more on that in the next lectures!



Excursus: Data losses (1)
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Excursus: Simpson's paradox (1)

Participants of the Whickham study

Total Deceased % Deceased Alive % Alive
Female smokers 369 139 37,70% 230 62,30%
Female non-smokers 945 443 46,90% 502 53,10%

Total female 1314 582 44 30% 732 55,70%



Alter

18-24 J
25-34 J
35-44 J
45-54 J
55-64 J
65-74 J
ab 75 J

Excursus: Simpson's paradox (2)

Teilnehmerinnen nach Altersklassen zu Beginn der Studie
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Nichtraucherinnen
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Data Science Lifecycle: Summary
Again, not a single definition, but some recurring terms:

1. find and collect all relevant data

2. identify issues & problems within the data

3. organise [ transform | merge data

4. systematically operationalise questions about the data: proxies

5. select a visualisation, a statistical technique, or a machine-learning technique as an outcome of operationalisation
6. provide interpretations and limitations of the results

7. communicate results



Data Science Ethics



Ethics In Data Science: FACT

Fairness : How to avoid unfair conclusions even if they are true?

Accuracy : How to answer questions with a guaranteed level of accuracy?

Confidentiality : How to answer guestions without revealing secrets?

Transparency . How to clarify answers such that they become indisputable?



Ethics in Data Science: FACT (cont'd)
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Source http://www.responsibledatascience.org/


http://www.responsibledatascience.org/

Data Science Lifecycle: Summary
NOTE:

e Typically, Data Science is not a one-shot process, but an (iterative) lifecycle.
e Not ad hoc, but short-lived than building than classic processes: ETL, data mining.
e Typically, you need to revisit/ adjust your process, either for improving it or for maintenance (sources changing, source formats changing, etc.)

 Mind FACT in Data Science projects

Notice.
These steps may take 80% of the work or more -> This is the focus of our course "Data Processing I !!!



Data Science Tools



Data Science Tools: Python and R

Popularity Rankings

Jobs And Salary?

ok

Source https://www.datacamp.com/community/tutorials/r-or-python-for-data-analysis


https://www.datacamp.com/community/tutorials/r-or-python-for-data-analysis

Python and R

R And Python:
The Quantified Battlefield

Source https://www.datacamp.com/community/tutorials/r-or-python-for-data-analysis


https://www.datacamp.com/community/tutorials/r-or-python-for-data-analysis

Python and R

Graphical

Capabilities IPython Notebook

Visualized data can be understood more
efficiently and effedtively than the raw
numbers alone.

The IPython Notebook makes it easier to
work with Python and data.

ggp|012 To make pretty graphs, including the I¥'s a combination of:
opportunity to use grammar of graphics to

create layered, customizable plots Interactive python exploration,
prewritten programs, text, and equations for

|(]ﬂice To easily display multivariate relationships documentation in one environment

rCharts To create, customize and publish interactive

javascript visualizations from R Sl‘lﬂ re notebooks WiTl‘I colleugues

without having them install anything.

googIeVis To use Google Chart tools to visualize data in
R

ggvis 10 implement interactive grammar of The IPython notebook drastically reduces the
graphics, while rendering in a web browser overhead of organizing code, output, and

- . : notes files, which allows to spend more time
e.g.: Visualizing Facebook friends with R doing real work.

i

Source https://www.datacamp.com/community/tutorials/r-or-python-for-data-analysis


https://www.datacamp.com/community/tutorials/r-or-python-for-data-analysis

Why Python and R

The Python vs R debate confines you to one programming language. You should look beyond it and embrace both tools for their respective
strengths. Using more tools will only make you better as a data scientist. [TheNextWeb]

e Data Processing 1 (SBWL 1): Python
« Data Analytics (SBWL 2): R

e Data Processing (SBWL 3): Python


http://thenextweb.com/dd/2016/04/08/start-using-python-andor-r-data-science-one-best/#gref

