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Overview of the course

Week 1: Introduction to data 
and data visualization

Weeks 2-4: Designing a GUI for 
interactive data visualization

Weeks 5-9: Finding relationships in 
high dimensional data 

Weeks 10-14: Machine Learning



Syllabus

• Let’s take a look at the course syllabus.

https://cs.colby.edu/courses/S19/cs251/


What is data?

• A collection of measurements, often obtained through 
scientific work, and stored as bits on a computer. 


• Real datasets are messy!


• The word is plural.


• Pieces of information — implies that symbols are involved 
that encode meaning. Not “just numbers” in a vacuum. 
Intended to be interpreted.



Data requires meta-data
Here are some data…



Data requires meta-data
• Meta-data: Data about data. Tells us what the numbers, 

words, and other types of data mean. 

• Interpreting data is impossible without meta-data!



Iris flower data set
• Introduced by famous statistician Ronald Fisher (1936).


• 50 measurements about 3 types of flower petals and 
septals.

Source: Wikipedia



The anatomy of data 1/2

Variable / feature
A label that organizes a set of 
numbers that have a single 
meaning. Part of an observation.

Data point / feature vector
Collection of values that make 
up a complete observation/
measurement. One “point” per 
labeled thing we could plot on 
X, Y, Z, etc. axes.

Multivariate data?

Dimension
Number of variables/features in 
the data. How many dimensions 
do these data have here?

Min/max/range of a feature

What are the range of 
petal_width??

Range: max - min
Missing data

“N”: Number of measurements

…



Why look at data?

If we can quickly compute statistics (e.g. range, 
mean, variance, correlation) to summarize 

thousands or more data points…



Anscombe’s quartet

Reproduced from Anscombe (1973); Healy (2018)

Each of these four datasets have the same mean, 
correlation, and many other statistics!

X mean: 9

X variance: 11

Y mean: 7.5

Y variance: 4.125

Correlation: 0.816

Scatterplot: Assign one feature 
(variable) to x-axis, assign 
another to y-axis. 


Plot each point that has values 
for both features.



Summary statistics are not enough!

Vanhove (2016); Healy (2018)

Correlation coefficient = +0.6 in all cases!!!!



Voter turn-out data across 18 countries

Jackman (1980); Healy (2018)

Jackman: Numeric analysis 
shows significant association 
between voter turn-out and 
income inequality (solid line). 


What’s the problem?

South Africa has high 
leverage.



Data visualization
• Vision is the dominant means by which humans take in information 

about the world (≥ 30% of neurons are involved in processing visual 
information!).


• We are exceptional at identifying patterns — computers probably 
process information much faster, but are comparably utterly 
horrendous at pattern recognition.


• Data visualization: Take advantage of human pattern recognition to 
suggest meaningful patterns and hypotheses about entities that you 
are interested in understanding.


• Goal is NOT making pretty pictures, it is about extracting knowledge. 
Often the best data visualization minimizes “data-to-ink” ratio.



Example: Identifying hypotheses 
about flower petal dimensions

X axis

Y axis



Data analysis
• The process of quantifying the answers 

to questions we ask about data 
(hypotheses, suspected relationships, 
etc.). Often involves statistics.


• Goal: Synthesize knowledge from the 
data.


• In practice, involves crunching 
numbers, which computers can help 
out with!



The anatomy of data 2/2

Independent variable
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Y = mx + b
Independent var?
Dependent var?

True value

Which picture depicts an accurate measurement?

A precise measurement?

Accurate, not precise Precise, not accurate

Data are not “truth”: How we measure 

and store data contributes error in precision. 

Example: π → 12 sig. digits 

→ 3 sig. digits → 12 sig digital

3.14000264991 12 sig figures
3 digits of precision



Types of data
Example Values Example 

Application Other names

Quantitative 
Continuous 5x10^-3 Temperature

Quantitative 
Discrete 1,2,3,4 Product units sold

Qualitative 
Unordered

Sudan, SUV, 
motorcycle Type of car Variable: Factor 

Specific values: Levels

Qualitative 
Ordered

Excellent, good, 
poor Survey rankings Ordered factors

String/text Green eggs and 
ham DNA sequences 

Date/time Jan 1, 1970 Transaction times



Data storage (in this class)
CSV (comma separated file)



HW0
• No quiz this week, but homework assignment (due tomorrow) is 

find a dataset online with at least 5 numeric features.


• Briefly identify (in a text file): meta-data, features, dimensions, N, 
range, min, max, example missing data (if any), example feature 
vector, precision of data.


• If you find a sample plot of the dataset: what are the independent 
and dependent variables?


• DO NOT UPLOAD THE DATASET TO FILER! 

• You can include screenshots and/or written summaries of the 
highlights.


