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Data Pre-processing
• Data pre-processing (a.k.a. data preparation) is the process of 

manipulating or pre-processing raw data from one or more sources into 
a structured and clean data set for analysis. It is an important part of 
Data Analytics.

• Data pre-processing includes various tasks and considerations, e.g.
- Selecting and acquiring data to use
- Integrating different data sources together 
- Conducting exploratory analysis 
- Cleaning and repairing data, e.g., missing data, inconsistent data 
- Data reduction, transformation, etc.



Data Analytics – The Context
• ‘the sexiest job in the world in the 21st century’



Big Data – Data Deluge
Data deluge: the amount of data being generated is overwhelming the 
capacity of organisations to use them.



Data Deluge Solution

Data deluge: the amount of data being generated is 
overwhelming the capacity of organisations to use them

Data + preparation + analytics = actionable knowledge



Data Deluge Solution cont.

Data deluge: the amount of data being generated is 
overwhelming the capacity of organisations to use them

Data + preparation + analytics = actionable knowledge

Google Trends, digital banking, Youtube analysis, 
Amazon recommendations…



Data Analytics – The Reality
• Data Analytics: Expectation vs. Reality

• Forbes found that “Data preparation accounts for about 80% of the work of
data scientists”

What data scientists spend the most time doing: 
- building training sets 3%
- cleaning and organising data 60% 
- collecting data sets 19%
- mining data for patterns 9%
- refining algorithms 4%
- other 5%. 



Data Preparation
• Data preparation is crucial for getting meaningful results from 

data analytics. 
• Insufficiently prepared data leads to ‘Garbage in, Garbage out’ 

(GIGO)



How to check data quality?

• Meta data: “data about data” 
• Understanding data availability, 

types, quantity, complexity, etc. 

• Exploratory Data Analysis (EDA)
• Analyzing data sets to summarize 

their main characteristics, often 
with visual methods. 



Collecting Data Methods

• Build private databases/data warehouses/etc.
• Scrape from websites
• From third-party platforms, e.g. Statista, World 

Bank, UKDS. 
• ……



UKDS Website

Use UK Data Service data archive.



Major Tasks in Data Pre-processing
• Data integration - integration of multiple databases, data cubes, or files 
• Data description, summarisation and visualisation 
• Data cleaning - fill in missing values, smooth noisy data, identify or remove 

outliers and noisy data, and resolve inconsistencies 
• Data reduction - obtain reduced representation in volume but produces the 

same or similar analytical results 
• Data transformation - normalisation and aggregation 
• Data discretisation (for numerical data) and generalisation

• There’s no certain order of doing these steps!!



Data Integration
• Data integration: combining data from multiple sources into a unified view

- To improve data quality
- To enrich data with additional information
- To allow reliable data analytics and beyond

• Integrating in-house data within data warehouse together is relatively 
straightforward (with common attributes and structures across schemas).



Manipulating Data - Joining

• Joining tables:
• Extract and simultaneously 

process data from more than one 
table.



Manipulating Data – Inner Join
By default, the joining query performs an inner join, which includes 
matching rows only in the results. 



Manipulating Data – Full Outer Join
• A full outer join includes all rows from both tables.

92500



Manipulating Data – Left Join
• A left join includes all rows from the left table.



Difficulties of Integrating Data
• Database heterogeneity
• System Heterogeneity: different operating system, hardware platforms
• Schematic or Structural Heterogeneity: the native model or structure to 

store data

• Data value conflicts
• E.g., metric vs. British units

• Entity identification
• E.g., Bill Clinton = William Clinton



Example – Health Surveillance

• Various databases 
• Many millions of records
• Privacy and confidentiality concerns

• Preventing the outbreak of 
epidemics requires monitoring 
of occurrences of unusual 
patterns of symptoms (in real 
time!)



Linking Data
• Data linkage is the process of bringing together information from 

two different records that are believed to belong to the same entity 
based on matching variables. 

• Challenging if errors exists in the key variables



Linking Data 

• Deterministic linkage
• Agree exactly on the key, e.g. ID number

• Probabilistic linkage
• Frequency analysis of data values.



Linking Data: Example
Example of data linkage



Enriching Data
• Data enrichment: the process 

of introducing more data
• Disparate data from other 

internal sources or third-party 
data from external sources

• Provide contextualization with 
additional data 

• Help enrich or validate the 
data
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