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https://en.wikipedia.org/wiki/Modern_Times_(film)


 Tidy   Transform  

 Model 

 Visualise 

·Import·
·Data·

·Communicate·
·Results·

·Source· Grolemund and Wickham

https://r4ds.had.co.nz/introduction.html


·90% of data analysis·
·is data cleaning·

·(and merging datasets)·

https://twitter.com/ddoniolvalcroze/status/1356273527335251968


e.g. removing extra characters, filtering out undesired 
(incomplete, corrupt…) data rows

e.g. open-ended fields (locations, professions, religions…) 
in survey data, commercial databases

Data cleaning a.k.a. messy inputs
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Shown right: dataset from 
Kazakhstan containing 
self-reported knowledge 
of software by job-seekers

Source: Sergiy Radyakin

http://econpapers.repec.org/paper/boccsug09/08.htm


Data management beyond cleaning

● Data I/O Reading/Writing various inputs/outputs

● Reshaping Transforming the dataset structure

● Recoding Transforming values (e.g. regrouping)

● Subsetting Filtering out observations from the dataset

● Aggregating Summarising values by groups (categories)

More complex operations (e.g. real-time, distributed data)

~ Data Integration/Engineering



Extract, Transform, Load (ETL)

https://www.youtube.com/watch?v=pzfgbSfzhXg


How it fits in job taxonomies

https://www.youtube.com/watch?v=ikZMVIWrSsc


Relevant professional skill set

● Relational Data Base/Stream Management Systems 
(RDBMS/RDSMS) for data warehousing

e.g. SQL and variants, Amazon RedShift, Apache Kafka

involves learning data models/schemas and new DSLs

● Building fast, reproducible data pipelines/streams

required for (scientific, legal) reproducibility

might involve using some form of version control

might involve thinking of data like we think of code

e.g. idempotency, data partitions as immutable objects

https://en.wikipedia.org/wiki/SQL
https://en.wikipedia.org/wiki/Amazon_Redshift
https://en.wikipedia.org/wiki/Apache_Kafka
https://en.wikipedia.org/wiki/Database_schema
https://en.wikipedia.org/wiki/Domain-specific_language
https://en.wikipedia.org/wiki/Version_control
https://www.youtube.com/watch?v=4Spo2QRTz1k
https://en.wikipedia.org/wiki/Idempotence#Computer_science_meaning
https://en.wikipedia.org/wiki/Immutable_object


More prosaically for us

● Accessing the data (sources, datasets)

● Understanding the data (codebooks, variables/values)

● Reading/Writing the data (formats, object types)

● Manipulating the data (basic principles, packages)

● Coding as much of the entire operation as possible

● Accepting that data input and coding are often ·messy·

● Expecting that ·things will break· badly and often



https://www.wisdomofwhores.com/


related: “Covid: how Excel may have caused loss of 16,000 test results in England”

https://xkcd.com/2054/
https://www.theguardian.com/politics/2020/oct/05/how-excel-may-have-caused-loss-of-16000-covid-tests-in-england


Dataset/file formats



https://search.gesis.org/research_data/ZA7581


https://developer.twitter.com/en/docs/twitter-api/data-dictionary/introduction


● Rectangular a.k.a. ‘flat’ tabular datasets

CSV / TSV — comma / tab -separated (not that great)

XLSX — recent Microsoft Excel format (open)

XLS — old Microsoft Excel format ·closed, avoid·

● Semantic a.k.a. markup languages

HTML / XML — <attribute>value</attribute>

JSON — "basics" : { "sex" : "F", "age" : 20 }

● Databases (DBs) — see end of slides

FormatsKinds of data structures

https://www.w3.org/TR/tabular-data-model/
https://tools.ietf.org/html/rfc4180
http://www.johnmyleswhite.com/notebook/2016/09/23/no-juice-for-you-csv-format-it-just-makes-you-more-awful/


Version control on a  plain text  dataset

https://desktop.github.com/


Less control on  binary files  e.g. Excel, Stata, SPSS

https://desktop.github.com/


·another issue· 
with spreadsheet 
data — errors in 
user-invisible 
manipulations

https://statmodeling.stat.columbia.edu/2013/04/16/memo-to-reinhart-and-rogoff-i-think-its-best-to-admit-your-errors-and-go-on-from-there/


● Common closed formats used in social science

DTA (Stata) — many versions, non-retrocompatible

SAV / POR (SPSS) — common for surveys (labelled data)

● Encoding issues e.g. accents showing up as �

UTF-8 — gold standard, successor of…

ASCII, ISO-8859-1 (Latin-1) — oldschool ·avoid·

● APIs, like Web scraping, require writing up queries, with 
e.g. SPARQL, and learning how to read the ‘response’

FormatsOther things to consider

https://www.w3.org/TR/rdf-sparql-query/


Tidy data principles



https://www.tidyverse.org/


dplyr provides alternatives to base R functions that apply to data frames

it relies on the tibble format, which are enhanced data frames

https://dplyr.tidyverse.org/index.html
https://dplyr.tidyverse.org/articles/base.html
https://tibble.tidyverse.org/


Tidy-data-oriented packages

See the tidyverse series, which also includes ggplot2

● Data I/O with readr, readxl, haven

○ Used internally by rio

○ Fall back to foreign or other packages if need be

● Dataset manipulation with dplyr

○ Related dataset object type: tibble

○ Similar object type for time series: tsibble

● Model results manipulation with broom and tidymodels

https://www.tidyverse.org/
https://ggplot2.tidyverse.org/
https://readr.tidyverse.org/
https://readxl.tidyverse.org/
https://haven.tidyverse.org/
https://cran.r-project.org/package=rio
https://cran.r-project.org/package=foreign
https://dplyr.tidyverse.org/
https://tibble.tidyverse.org/
https://tsibble.tidyverts.org/
https://broom.tidyverse.org/
https://rviews.rstudio.com/2019/06/19/a-gentle-intro-to-tidymodels/


Like families,  tidy datasets  are all 
alike but every messy dataset is 
messy in its own way.

Hadley Wickham

http://r4ds.had.co.nz/tidy-data.html


This format also allows grouped 
operations via split-apply-combine

https://r4ds.had.co.nz/tidy-data.html
https://www.rstudio.com/wp-content/uploads/2015/02/data-wrangling-cheatsheet.pdf
http://vita.had.co.nz/papers/plyr.html


Above:  wide format , often 
found in official datasets (e.g. 
OECD time series)

Left:  long format , less 
human-readable but much 
easier to manipulate
Fictional data representing relative 
GDP growth rates, base year 1980

Country gdp1980 gdp1990 gdp2000 ...

AA
BB
CC
DD

100
100
100
100

107
NA
102
103

80
NA
NA
105

...

...

...

...

‘Long’ v. ‘wide’ data

Country Variable Year Value

AA
AA
AA
BB
BB
BB
CC
CC
CC
DD
DD
DD
...

GDP
GDP
GDP
GDP
GDP
GDP
GDP
GDP
GDP
GDP
GDP
GDP
...

1980
1990
2000
1980
1990
2000
1980
1990
2000
1980
1990
2000
...

100
107
80
100
NA
NA
100
102
NA
100
103
105
...



Reshaping (pivoting)

https://r4ds.had.co.nz/tidy-data.html


Splitting (separating)

https://r4ds.had.co.nz/tidy-data.html


Merging (joining)

https://r4ds.had.co.nz/relational-data.html


Merging (joining)

https://r4ds.had.co.nz/relational-data.html


Practice session



http://europeanelectionstudies.net/european-election-studies/ees-2019-study/voter-study-2019


http://europeanelectionstudies.net/wp-content/uploads/2019/09/2019-EES-post-electoral-survey-Master-quesitionnaire.pdf


Useful resources



https://www.elff.eu/publications/data-management-r/


https://github.com/rstudio/cheatsheets/raw/master/data-import.pdf


https://github.com/rstudio/cheatsheets/raw/master/data-transformation.pdf


https://github.com/rstudio/cheatsheets/raw/master/strings.pdf


Full-on treatments of the topic

Books

● Baumer et al., Modern Data Science with R

● Grolemund and Wickham, R for Data Science

● Fogarty, Quantitative Social Science Data with R

Courses

● Data for Data Scientists (LSE) 

● Data Science for Economists (University of Oregon)

● Introduction to Data Science (Duke)

https://mdsr-book.github.io/mdsr2e/
https://r4ds.had.co.nz/
http://uk.sagepub.com/en-gb/eur/quantitative-social-science-data-with-r/book257236
https://lse-my472.github.io/
https://github.com/uo-ec607/lectures
http://www2.stat.duke.edu/courses/Spring18/Sta199/


Grolemund and Wickham, R for Data Science

● ch. 5 on data transformation with dplyr

● ch. 6 on writing workflows (scripts)

● ch. 9–16 on data wrangling

○ see esp. ch. 12 (tidy data)

○ also covers strings, factors, dates

Canonical reading

Note that, for very large datasets, there are faster ways to perform some of the 
operations covered here, using e.g. data.table or collapse.

https://r4ds.had.co.nz/
https://dplyr.tidyverse.org/
https://r4ds.had.co.nz/
https://r4ds.had.co.nz/
https://cran.r-project.org/package=data.table/vignettes/datatable-intro.html
https://sebkrantz.github.io/collapse/


Irizarry, Introduction to Data Science

● ch. 4 on the tidyverse

● ch. 5 on importing data

Peng, Exploratory Data Analysis with R

● ch. 3 on data managements with dplyr

● ch. 4 · good data analysis principles

Similar treatments

https://rafalab.github.io/dsbook/
https://bookdown.org/rdpeng/exdata/
https://dplyr.tidyverse.org/
https://rafalab.github.io/dsbook/
https://rafalab.github.io/dsbook/
https://bookdown.org/rdpeng/exdata/
https://bookdown.org/rdpeng/exdata/


Videos to watch it happen

● RStudio (Grolemund, Wickham) has a series of videos on 
Data Wrangling with R and the Tidyverse

See esp. the ‘dplyr’ and ‘two datasets’ episodes

● Hadley Wickham has an excellent tidy data tutorial that 
makes use of some the packages covered today

See also his Managing Many Models tutorial

● David Robinson films hour-long examples of how to 
resolve Tidy Tuesday challenges with dplyr et al.

See also his Ten Tremendous Tricks in the Tidyverse

https://www.youtube.com/watch?v=jOd65mR1zfw&list=PL9HYL-VRX0oQOWAFoKHFQAsWAI3ImbNPk
https://www.youtube.com/watch?v=Zc_ufg4uW4U&list=PL9HYL-VRX0oQOWAFoKHFQAsWAI3ImbNPk&index=3
https://www.youtube.com/watch?v=AuBgYDCg1Cg&list=PL9HYL-VRX0oQOWAFoKHFQAsWAI3ImbNPk&index=4
https://www.youtube.com/watch?v=D48JHU4llkk
https://www.youtube.com/watch?v=rz3_FDVt9eg
https://www.youtube.com/user/safe4democracy/videos
https://github.com/rfordatascience/tidytuesday
https://www.youtube.com/watch?v=NDHSBUN_rVU


● Look at e.g. Quantitative Social Science Data for an 
overview of what kind of data already exist

● For lots of example code that does data wrangling, take 
a look at how Party Facts is built

● On how to use surveys with complex weighting designs, 
see the wonderful Analyze Survey Data for Free

● Read Automated Data Collection with R if you are 
interested in Web scraping (and text mining)

○ See also Irizarry, Introduction to Data Science, ch. 23, 
for a shorter overview of Web scraping

Various links

https://f.briatte.org/teaching/quanti/data/
https://github.com/hdigital/partyfactsdata
http://asdfree.com/
http://eu.wiley.com/WileyCDA/WileyTitle/productCd-111883481X.html
https://rafalab.github.io/dsbook/web-scraping.html


Activity / Homework



1. Download the ‘European Mood’ Indicator by Guinaudeau 
and Schnatterer, and load it in R

2. Reshape the data in order to get the following variables: 
year, semester, country, mood

3. Can you spot what must be a data entry error in one of 
the variables? Write the code to fix it

4. Use ggplot2 to reproduce as closely as possible the plot 
on the next slide (anticipating our next session together)

For those who want a ·complex· problem

https://doi.org/10.1017/S0007123416000776
https://ggplot2.tidyverse.org/


it shouldn’t be too hard to guess what 
the blue dot markers stand for…



1. Complete Steps 1–3 and forget about Step 4, which is the 
harder (most time-consuming) step

2. Create a ‘decade’ variable measuring, for each country, 
the mean and s.d. of EU mood in each decade since 1970

3. Create a ‘delta’ variable measuring, for each country, the 
change in EU mood from one decade to the next

Thanks for your work! I will provide solutions to both 
problem sets at the beginning of Session 5.

For those who prefer a  simpler  problem



Thanks for your attention
See you again for 
Data Visualization
(Session 5)



Bonus: Databases



https://twitter.com/SolomonMg/status/1227985657538187265


FormatsDatabases (DBs)

● Databases are tables with relational schemes

○ Rely on shared ‘id’ column between tables

○ Optimised for speed with large datasets

○ Requires learning a DB query language

● Two possible ways to go

○ SQL — kinda row-oriented, many variants

○ MongoDB — column-oriented, fast

● For an efficient introduction, see Grolemund and 
Wickham, R for Data Science, ch. 13 (relational data)

https://eev.ee/blog/2016/08/05/storing-pok%C3%A9mon-without-sql/
https://r4ds.had.co.nz/


● ODBC/DBI-driven (best practices)

○ Microsoft SQL Server

○ MySQL

○ Oracle

○ PostgreSQL

○ SQLite

● MonetDB

○ MonetDB.R

○ MonetDBLite

Databases via R

see github.com/r-dbi
and Jim Hester’s slides

see also
bigrquery

see the tutorials

see also
solrium

and many other DB drivers

See Databases using R for and dbplyr

https://en.wikipedia.org/wiki/Open_Database_Connectivity
https://en.wikipedia.org/wiki/Perl_DBI
https://github.com/jimhester/presentations/blob/master/2016_12_15-CRUG-Database_Best_Practices/CRUG-2016_12_14.Rmd
https://www.monetdb.org/
https://www.monetdb.org/
https://en.wikipedia.org/wiki/SQL
https://github.com/r-dbi
https://github.com/jimhester/presentations/blob/master/2016_12_15-CRUG-Database_Best_Practices/CRUG-2016_12_14.Rmd
https://cloud.google.com/bigquery/
https://github.com/rstats-db/bigrquery
https://github.com/briatte/dsr#2-data-io
https://lucene.apache.org/solr/
https://github.com/ropensci/solrium
https://db.rstudio.com/
https://db.rstudio.com/dplyr/

