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Group formation (Deadline 15 Dec 2023)

Form groups of 4 students each. Each student needs to be part of a group. If you are going to drop 
the course, don't sign up for the final project as that may delay the progress of other students. 

Some suggestions for creating effective groups,

• Be inclusive of people who might not be able to come to class. If they have reached out to your group, find an adequate 
hybrid arrangement of working together. 

• Strive for diverse groups. (Machine Learning and AI suffer heavily from the bias of individuals and communities. 
Diversity is crucial in meaningful and effective work.)

• The most appealing option is to form a group with friends. However, I urge you to form groups where you can challenge 
yourselves. 

• A group of 3 or 5 students will not be accepted. 

• Please email TAs if you haven't found a group.

• We will release instructions about the final project after submission of Assignment 2.



Last Time

• Descriptive Statistics
• Data Transformations



Today

• History of Visualisations
• Exploratory Data Analysis
• Types of Visualisations
• Effective Visualisation



History



“Data graphics visually display measured quantities by 
means of the combined use of points, lines, a coordinate 

system, numbers, symbols, words, shading, and color.”

The Visual Display of Quantitative Information. Edward R. Tufte.



Tufte (1983)
“The most extensive data maps place millions of bits of information on 

a single page before our eyes. No other method for the display of 
statistical information is so powerful”



A bit of history

Maps –> Data Maps (17th Century) –> Time series (1786) –> Scatter plots

• Surprisingly recent: 1750-1800 approx. (much later than many other advances in math 
and stats!)

• William Playfair’s “linear arithmetic”: 
encode/replace numbers in tables into visual representations. 

• 1786 – Line Plots

• 1801 – Pie Charts and Circle Graphs

• Other relevant names throughout history: 
Lambert, Minard, Marey 



Historical Examples
[Source] XVIIIth. Cent. - Pyrometrie by J. H Lambert

http://www.fisme.science.uu.nl/wiskrant/artikelen/hist_grafieken/begin/images/pyrometrie.gif


Historical Examples
[Source] Playfair ’s bar chart in The Commercial and 

Political Atlas (1786)

https://upload.wikimedia.org/wikipedia/commons/3/3f/Playfair_Barchart.gif


Historical Examples
[Source] Lambert - Evaporation rate against 

temperature, 1769

https://halshs.archives-ouvertes.fr/halshs-00663305/document


Historical Examples
[Source] Minard - Napoleon army map (XIXth. Cent.)

https://upload.wikimedia.org/wikipedia/commons/2/29/Minard.png






How Florence Nightingale Changed Data 
Visualization Forever
https://www.scientificamerican.com/article/how-florence-nightingale-changed-data-visualization-forever/



Challenges with Data

• The size of datasets from 10 years ago that were difficult to 
visualize can now be handled in real time on high-tech hardware. 
But the datasets of today have simply grown to be just as 
problematic.

• Datasets are getting larger as gathering resolution improves.

• Datasets are getting larger as compute resources grow allowing 
higher resolution simulations.



Visualisation Goals

Communicate (Explanatory) 

• Present information and ideas 
succinctly

• Explain and inform

• Provide evidence and support

• Influence and persuade

Analyse (Exploratory) 

• Explore the data

• Assess a situation

• Identify hidden patterns and trends

• Formulate/test hypothesis

• Decide what to do next in 

analysis/modelling



Analyse (Exploratory)

Visualisation Goals



Communicate (Explanatory)

Visualisation Goals

Cullen, J. M., Allwood, J. M., & Bambach, M. D. (2012). Mapping the global flow of 
steel: from steelmaking to end-use goods. Environmental science & 
technology, 46(24), 13048-13055.

Global flow of steel from liquid 
metal to end-use good



Tables vs Graphs

• Tables are generally best if you want to be able to look up specific 

information or if the values must be reported precisely

• By encoding information visually, they allow to present large amounts of 
numbers in a meaningful way

• Graphics are best for illustrating trends and making comparisons

• If well made, visualizations provide leads into the processes underlying the 

graphic

• Modern data graphics can do much more than simply substitute for small 
statistical tables

• Graphics are instruments for reasoning about quantitative information



Graphics reveal data
Anscombe's quartet

Matejka, J., & Fitzmaurice, G. (2017, May). Same stats, different graphs: generating datasets with varied 
appearance and identical statistics through simulated annealing. In Proceedings of the 2017 CHI conference on 
human factors in computing systems (pp. 1290-1294).



Graphics reveal data
Anscombe's quartet Summary statistics clearly don’t tell the story of how they 

differ. But a picture can be worth a thousand words. 



Plot the data. 
Are there anomalies? 
Are there patterns? 



Exploratory Data Analysis (EDA)

To convey information through graphical representations of data



Viz Options

1. Pandas Visualisation module

2. Matplotlib

3. Seaborn

4. Other options: (Bokeh, Vega, Vincent, Altair, 
Plotly, …)



EDA Workflow (Recall…)

1. Build a DataFrame from the data (ideally, put all data in this object)

2. Clean the DataFrame. It should have the following properties

1. Each row describes a single object 

2. Each column describes a property of that object

3. Columns are numeric whenever appropriate

4. Columns contain atomic properties that cannot be further decomposed

3. Explore global properties. Use histograms, scatter plots, and aggregation functions to 
summarize the data.

4. Explore group properties. Use groupby and small multiples to compare subsets of the 
data.



Types of Visualisations



Types of Visualisations

What do you want your visualization to show about your data? 

• Distribution: how a variable or variables in the dataset distribute over a range 
of possible values. 

• Relationship: how the values of multiple variables in the dataset relate 
• Composition: how the dataset breaks down into subgroups 
• Comparison: how trends in multiple variable or datasets compare 



Histograms

A histogram is a way to visualize how 1-dimensional data is distributed across 
certain values. 

Note: Trends in histograms are sensitive to number of bins. 

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Pie Charts for Categorical Variables

A pie chart is a way to 
visualize the static 
composition (aka, 
distribution) of a variable 
(or single group). 

Pie charts are often 
frowned upon (and bar 
charts are used instead). 
Why? 

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Scatter Plots to Visualise Relationships

A scatter plot is a way to visualize the relationship between two different attributes 
of multi-dimensional data.

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Stacked area graph to show trend over 
time 

A stacked area graph is a way to visualize the composition of a group as it changes 
over time (or some other quantitative variable). This shows the relationship of a 
categorical variable (AgeGroup) to a quantitative variable (year). 

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Multiple Histograms

Plotting multiple histograms (and kernel density estimates of the distribution, 
here) on the same axes is a way to visualize how different variables compare (or 
how a variable differs over specific groups).

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Boxplots

A boxplot is a simplified visualization to compare a quantitative variable across 
groups. It highlights the range, quartiles, median and any outliers present in a data 
set. 

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Not Everything is Possible!

Often your dataset seem too complex to visualize: 
• Data is too high dimensional (how do you plot 100 variables on the same set of 

axes?) 
• Some variables are categorical (how do you plot values like Cat or No?) 

Unhelpful

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Reducing Complexity

Relationships may be easier to spot by producing multiple plots of lower 
dimensionality. 

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Reducing Complexity

For 3D data, color coding a categorical attribute can be “effective” 

This visualizes a set of Iris 
measurements. The variables 
are petal length, sepal 
length, Iris type (setosa, 
versicolor, virginica). 

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


3D can work

For 3D data, a quantitative attribute can be encoded by size in a bubble chart. 

The above visualizes a set of consumer products. The variables are revenue, 
consumer rating, product type and product cost. 

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Break

CHILL WALK COFFEE OR TEA MAKE FRIENDS

Icons by Iconathon on The Noun Project

http://iconathon.org/
https://thenounproject.com/


Effective Visualisation



“The greatest value of a picture is when it forces us to notice what we never expected to see”

John Tukey

[Source]



Not Effective...
Sources: US Treasury and WHO reports



Effective EDA Visualisation

1. Have graphical integrity

2. Keep it simple

3. Use the right display

4. Use colour strategically

5. Tell a story with data 



1. Graphical Integrity



Scale Distortions

Source: Fox News



Scale Distortions

Source: Fox News



“Double the axes, double the mischief”

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Include Uncertainty



Think about Perceptions

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Think about Perceptions

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


2. Keep it simple



Maximise Data-Ink Ratio – show GIF!

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


The use of Pie Charts is generally 
discouraged

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Exclude unneeded dimensions

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Exclude unneeded dimensions
Much easier to make comparisons

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Omit chart junk

• Unnecessary bar graphs 
• Pointless and annoying cross-

hatching labeled with incomplete 
abbreviation - Moiré

• Difficult to go back and forth from 
the legend to the bar graph 

• All uppercase letters are hard to 
read 

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Omit chart junk
Moiré vibration – visual noise, distracting 

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Omit chart junk
No reason to connect these counts with lines

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Don’t!

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


3. Use the right display





Correlations



Scatterplots

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Make efficient use of space

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Make efficient use of space

• Error bars for BMI (Body Mass 
Index) measurements in four 
categories. 

• Left: This is easy to interpret, 
but the viewer cannot see that 
the data is quite skewed. 

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Make efficient use of space

Bar charts are not appropriate for 
indicating means ± SEs: they add 
ink without conveying any 
additional information

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Facilitate Comparison
[Y] axes are different

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Facilitate Comparison

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Facilitate Comparison

Consider using a log scale when: 

§ Data has skewness towards large values; 
i.e., cases in which one or a few points 
are much larger than the bulk of the 
data.

§ It is useful to present percent change or 
multiplicative factors

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Don’t!

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


4. Use color strategically



Least Effective

Total fertility rate map: average births per woman by districts, 2011
Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Ex. Correlations

Ex. Densities

Nominal

Ordinal

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Colours for Categories
Do not use more than 5 colors at once

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Colours for Ordinal Data
Vary luminance and saturation

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Colour Blindness

Most likely Protanope Deuteranope Lightness

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Colourmaps

Viridis color 
map for better 
changes in 
perception

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Avoid Rainbows!
matplotlib gallery

Material provided by the Data Science course at Harvard University

https://harvard-iacs.github.io/2020-CS109A


Checklist for Graphical Excellence 
(check lecture tab for resources)

• Show the data

• Induce the viewer to think about the substance of the findings rather that the methodology, the graphical design, or other aspects

• Avoid distorting what the data have to say

• Present many numbers in a small space, i.e., efficiently

• Make large datasets coherent

• Encourage the eye to compare different pieces of data

• Reveal the data at several levels of detail, from a broad overview to the fine structure

• Serve a clear purpose: description, exploration, tabulation, or decoration

• Be closely integrated with the statistical and verbal descriptions of the dataset

• Exclude unneeded dimensions

• Omit "chart junk" (term from E.R. Tufte) and unnecessary ink

• Present data in a way to facilitate comparisons

• Make efficient use of space

• Select the best graph type

• Show uncertainty

• Explore several ways to display the data!



Homework - Design Exercise (Time: 10 min)

In a science program, kids 
were asked how they feel 
about doing science. After the 
pilot program ended,

68%
of kids expressed interest towards science, 
compared to 44% going into the program.



Homework - Design Exercise (Time: 10 min)

Instructions

1. What do you want to do: Analyse data or 
Communicate an insight

2. Sketch a visualisation (pen and paper is fine)
3. Take a photo and submit on Assignments in Brightspace 

under Visualisation: Design Exercise (.jpg, .jpeg, .png)
4. Submission deadline Thursday 30 Nov by 2330
5. Discussion of some of your submissions follows in 

Lecture 06.
6. Exercise is not graded



For next class..

Finish Labs to practice 
programming 

Complete Homework for 
more practice

Check Assignment 
contents and due date

See “To do before class” 
for next lecture (~ 1 hour 

of self-study)


