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Plan for today

! Announcements
! A1 Q5 my_list
! Information about the project
! Groups updates
! Lecture 1: Data structures, tidy data and data intuition
! Lecture 2: Programming review (python), Jupyter notebooks, file systems 

access and structures (uploading, downloading, where everything is remote 
vs. local)



Announcements
- Due next Friday (11:59 PM)

- Project Survey - https://github.com/COGS108/Projects, project survey link 
- Q1 - “lecture quiz”
- D1 (recommended finish by Monday)
- D2 (recommended finish by Wed)
- A1 (recommend finish by Friday)

- Projects
- Groups - you should hopefully have found one by now, if not post publicly on piazza first and 

then if you still cannot locate a group/want us to just assign you we’ll use the google form 
today

- If you located a group after asking to be assigned, please change your submission to 
the original group survey (you should be able to change your submissions) so we know

- You will be assigned a GitHub repo this weekend - please accept the invitation (it will expire)

https://github.com/COGS108/Projects


Announcements II

! We will re-record and release the first discussion replacement as soon as 
possible

! Waitlist - waiting to hear back, but if you are within 30 you are probably going 
to be in



Error in A1Q5

# These variables are provided to you.
my_list = [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15]
inds = []

• In general the procedure for corrections will be through announcements 
and handouts - we cannot update your version 

• The following code should be provided for you before A1 Q5, so in 
answering the question insert this first:



COGS 108 Final Projects



The COGS 108 Final Project will give you the chance to 
explore a topic of your choice and to expand your 

analytical skills. By working with real data of your choosing 
you can examine questions of particular interest to you.

- You are encouraged to work on a topic that matters to the world (your family, your 
neighborhood,  a state/province, country, etc).

- Taboo Topics: Movie Predictions/Recommendation System; YouTube Data Analysis, 
Kickstarter success prediction/analysis,prediction of what makes a song popular on Spotify, 
political patterns or singling out some individual 

https://github.com/COGS108/Projects/blob/master/FinalProject_Guidelines.md#Taboo-Topics


Final Project: Objectives

● Identify the problems and goals of a real situation and dataset.
! Choose an appropriate approach for formalizing and testing the problems and goals, 

and be able to articulate the reasoning for that selection.
! Implement your analysis choices on the dataset(s).
! Interpret the results of the analyses.
! Contextualize those results within a greater scientific and social context, acknowledging 

and addressing any potential issues related to privacy and ethics.
! Work effectively to manage a project as part of a team.



Upcoming Project Components

Project Planning Survey (1%) - 1 submission per group (due Fri Week 2)

Project Review (5%) - Before Mon of week 3, your group will be assigned a 
previous COGS 108 project to review; A google Form will be released to guide 
your thinking/discussion about and review of what a previous COGS 108 group 
did for their project. (due Fri Week 3)

Project Proposal (8%) - a GitHub repo will be created for your group; ‘submit’ on 
GitHub (due Fri Week 4)



Project Proposal (8%)

Full project guidelines are here: https://github.com/COGS108/Projects/
blob/master/FinalProject_Guidelines.md

https://github.com/COGS108/Projects/blob/master/FinalProject_Guidelines.md


Now on to Data…



Example

! What does this have to do with Data Science?



Example

! What does this have to do with Data Science?

!EVERYTHING!



Example

! What does this have to do with Data Science?

!EVERYTHING!



Structured data 
! can be stored in database 

SQL  
! tables with rows and columns
! requires a relational key
!  5-10% of all data

Data Structures Review

 Semi-structured data
! doesn’t reside in a relational 

database 
! has organizational properties 

(easier to analyze) 
! CSV, XML, JSON 

Unstructured
! non-tabular data 
! 80% of the world’s data
! images, text, audio, videos



(Semi-)Structured Data
Data that is stored in such a way that it is easy to search and work 
with. These data are stored in a particular format that adheres to 
organization principles imposed by the file format. These are the 

data structures data scientists work with most often.



Each 
column 
separated 
by a 
comma

Each row 
is 
separated 
by a new 
line

CSVsHas the 
extension 
“.csv”





{"Name": "Isabela"}

JSON: key-value pairs
nested/hierarchical data

key value

JSON



https://blog.exploratory.io/working-with-json-data-in-very-simple-way-ad7ebcc0bb89 

These are all 
nested within 
attributes

These are all 
nested within 
“Good For”

JSON

https://blog.exploratory.io/working-with-json-data-in-very-simple-way-ad7ebcc0bb89


$node 
<tag> 
 <tag2> more content </tag2> 
 <tag3> more content </tag3> 
</tag> 

An element

An opening tag

A closing tag

A node

Extensible Markup Language  (XML): nodes, tags, and elements
nested/hierarchical data

XML



XML
adapted from Chris Keown



1. Efficient Data Storage
2. Avoid Ambiguity
3. Increase Data Privacy

Relational Databases: A set of interdependent tables

relational 
database



unique_identifier

AH13JK

JJ29JJ

CI21AA

unique_identifier

AH13JK

JJ29JJ

JJ29JJ

XJ11AS

CI21AA

unique_identifier

AH13JK

SE92FE

CI21AA

Information is stored across tables

entries are related to one another by their unique 
identifier

relational 
database



id inspection_
date inspector score

AH13JK 2018-08-21 Sheila 97

JJ29JJ 2018-03-12 D’eonte 98

JJ29JJ 2018-01-02 Monica 66

XJ11AS 2018-12-16 Mark 43

CI21AA 2018-08-21 Anh 99

name id address type

Taco 
Stand AH13JK 1 Main St. Mexican

Pho 
Place JJ29JJ 192 Street 

Rd. Vietnamese

Taco 
Stand XJ11AS 18 W. East 

St. Fusion

Pizza 
Heaven CI21AA 711 K Ave. Italian

id stars

AH13JK 4.9

JJ29JJ 4.8

XJ11AS 4.2

CI21AA 4.7

restaurant health inspections rating

Relational database



id inspection_
date inspector score

AH13JK 2018-08-21 Sheila 97

JJ29JJ 2018-03-12 D’eonte 98

JJ29JJ 2018-01-02 Monica 66

XJ11AS 2018-12-16 Mark 43

CI21AA 2018-08-21 Anh 99

name id address type

Taco 
Stand AH13JK 1 Main St. Mexican

Pho 
Place JJ29JJ 192 Street 

Rd. Vietnamese

Taco 
Stand XJ11AS 18 W. East 

St. Fusion

Pizza 
Heaven CI21AA 711 K Ave. Italian

id stars

AH13JK 4.9

JJ29JJ 4.8

XJ11AS 4.2

CI21AA 4.7

restaurant health inspections rating

Two different restaurants with 
the same name will have 

different unique identifiers

Relational database



Unstructured Data
Some datasets record information about the state of the world, but 
in a more heterogeneous way. Perhaps it is a large text corpus with 
images and links like Wikipedia, or the complicated mix of notes and 

test results appearing in personal medical records.



Source: TechTarget

Text files 
and 

documents

Websites 
and 

applications

Sensor
data

Image
files

Audio
files

Video
files

Email
data

Social 
media
data

Unstructured Data Types



Designed by Freepik

Negative: 
20%Positive: 

70%

Neutral: 
10%

Text: Sentiment Analysis





“The left two photos were correctly predicted as bedrooms; The right two photos were correctly predicted NOT as 
bedrooms.”


https://medium.com/airbnb-engineering/categorizing-listing-photos-at-airbnb-f9483f3ab7e3 

https://medium.com/airbnb-engineering/categorizing-listing-photos-at-airbnb-f9483f3ab7e3


Tidy Data



"Good data scientists understand, in a deep 
way, that the heavy lifting of cleanup and 

preparation isn't something that gets in the way 
of solving the problem: it is the problem." - DJ 

Patil



https://medium.com/@miles.mcbain/tidying-the-australian-same-sex-marriage-postal-survey-data-with-r-5d35cea07962 

untidy data

tidy data

data

wrangling

https://medium.com/@miles.mcbain/tidying-the-australian-same-sex-marriage-postal-survey-data-with-r-5d35cea07962


Data Wrangling defined

• The process of restructuring a dataset from whatever 
form it is initially in to a computationally usable form 
suitable for data science



Tidy Data
1. Each variable you measure should be in a single column

2. Every observation of a variable should be in a  different row



Demographic Survey Data

Doctor’s Office Measurements Data

3. There should be one table for each type of data



4. If you have multiple tables, they should include a column in each with 
the same column label that allows them to be joined or merged



Tidy data == rectangular data

Broman KW, Woo KH. (2017) Data organization in spreadsheets. PeerJ Preprints 5:e3183v1 https://doi.org/10.7287/peerj.preprints.3183v1

https://doi.org/10.7287/peerj.preprints.3183v1


1. consistent data structure
2. foster tool development
3. require only a small set of tools to be learned
4. allow for datasets to be combined

Tidy Data Benefits



Tabular Data Time

Which of these tables stores data best?

A B C D

ID Last First height_m height_f
1004 Smith Jane NA 65

4587 Nayef
Mohamm
ed 72 NA

1727 Doe Janice NA 60
6879 Jordan Alex 55 NA

A B

DC
ID Last First sex height

1004 Smith Jane female 65

4587 Nayef Mohammed male 72

1727 Doe Janice fem 60

6879 Jordan Alex male 55

ID Last First height_m height_f

1004 Smith Jane 65

4587 Nayef Mohammed 72

1727 Doe Janice 60

6879 Jordan Alex 55

ID Last First sex height

1004 Smith Jane F 65

4587 Nayef Mohammed M 72

1727 Doe Janice F 60

6879 Jordan Alex M 55



Word Novel Frequency

good Emma 359

young Emma 192

friend Emma 166

text tidy dataset
results

https://www.tidytextmining.com 

https://www.tidytextmining.com


tidy datasetwebsite results



tidy dataset
text 
(lyrics)

results“I'll be analyzing 
the 

repetitiveness of 
a dataset of 

15,000 songs 
that charted on 

the Billboard Hot 
100 between 

1958 and 2017.”

song Artist Released Reducti
on

Cheap Thrills Sia 2016 76

Around The 
World

Daft 
Punk

1997 98

Everybody Dies J. Cole 2018 27

https://pudding.cool/2017/05/song-repetition/ 

https://pudding.cool/2017/05/song-repetition/


Data cleaning



What is data cleaning?

! Fixing/removing incorrect, corrupted, incorrectly formatted, duplicate, 
incomplete, data within a dataset 

! Many issues combining data sources and types, researcher styles, 
standards, recording errors, etc



Consequences of poorly cleaned data

! Unreliable outcomes and algorithms 

! Difficult to detect these issues 

! Biased results 

! Failure to process algorithms (for example NANs causing errors)



Variability in cleaning

! There is no one process to clean data 

! Varies from set to set, project to project, software to software 

! But can establish a ‘template’ procedure/process of ‘check-offs’ to make 
sure you’ve done your best to address it



Methods can be

! Interactive through tools and toolsets  

! Automated through scripts, programs or other software (batch processing)



Data Wrangling vs. Data Cleaning

! Data wrangling focuses on transforming the data from a ‘raw’ format into a 
format suitable for computational use

! Data cleaning focuses on, as discussed, fixing/removing incorrect, corrupted, 
incorrectly formatted, duplicate, incomplete, data within a dataset



Data Intuition



https://stats.stackexchange.com/questions/2691/making-sense-of-principal-component-analysis-eigenvectors-eigenvalues

https://stats.stackexchange.com/questions/2691/making-sense-of-principal-component-analysis-eigenvectors-eigenvalues?source=post_page-----b5ea8bec6aa5----------------------


Theory vs. Practice: 
“Tai’s model”

Tai, Diabetes Care (1994)



Fermi Estimation

Approximately how many piano tuners do you think there are 
in the city of Chicago?

A
10

B
100

C
1000

D
10,000

E
100,000



https://www.youtube.com/watch?
v=0YzvupOX8Is

http://www.youtube.com/watch?v=0YzvupOX8Is
https://www.youtube.com/watch?v=0YzvupOX8Is


https://what-if.xkcd.com/84/

Has humanity produced enough 
paint to cover the entire land area of 
the Earth?

—Josh (Bolton, MA)

https://what-if.xkcd.com/84/


Fermi Estimation

Has humanity produced enough paint to cover the entire land 
area of the Earth?

A
YES

B
NO



https://what-if.xkcd.com/84/

https://what-if.xkcd.com/84/
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Data Intuition

1. Think about your question and your expectations
2. Do some Fermi calculations (back of the envelope calculations)
3. Write code & look at outputs <- think about those outputs
4. Use your gut instinct / background knowledge to guide you
5. Review code & fix bugs
6. Create test cases - “Sanity checks”


