
• Nominal
– Example: gender

• Ordinal
– Example: educational level

• Interval
– Example: annual income

• Why does it matter?
– Different measurement, scales or variables are analyzed differently

(for example: it wouldn't be very informative to compute the
average race in a population)

If we collected the data, now what?...

Types of data: Measurement scales
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• This analysis should precede the data analysis
– Detect data errors
– Outliers
– Check statistical assumptions
– Understand your data! (variables relationships, trends, heterogeneous

differences, etc.)

• This could include, for example:
– Frequency tables
– Distribution: Central tendency and spread of data

• Some graphical tools (we assume that you are familiar with these and
their interpretation):

– Boxplots (IQRs and outliers) and scatter plots
– Quantile-normal plots
– Cross tabulation

• You will do an exercise about this in the review session

Exploratory Data analysis (EDA)
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• You can build your own examples in gapminder.org

Data visualization: Motivation
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• Let’s start with bad data visualization…

Data visualization

Source: https://www.seo.com/blog/infographics-vs-infocrapics-the-good-the-bad-the-ugly/
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• Let’s start with bad data visualization (cont’d)…

Data visualization

Sales of Widgets Over Time

Source: http://data-visualization-software.com/dangers-of-bling-data-visualizations/
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• Let’s start with bad data visualization (cont’d)…

Data visualization

Source: http://data-visualization-software.com/dangers-of-bling-data-visualizations/
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• Let’s see some principles (based on Tufte’s principles)

• Communicate complex ideas with:
– Clarity

– Precision

– Efficiency

• Provide the greatest number of ideas in the shortest time
with the least ink in the smallest space

• Tell the truth about the data

Data visualization: Graphical excellence 
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• Distortion: Visual
representation of data is not
consistent with the numerical
representation.

• How can we test this?

– Small distortion: 0,95 <  LF < 1,05

– Example…

Data visualization: Graphical integrity 

ݎ݋ݐܿܽܨ	݁݅ܮ ൌ 	
݄ܿ݅݌ܽݎ݃	݊݅	݊ݓ݋݄ݏ	ݐ݂݂ܿ݁݁	݂݋	݁ݖ݅ݏ

ܽݐܽ݀	݊݅	ݐ݂݂ܿ݁݁	݂݋	݁ݖ݅ݏ

Prof. Daniel Schwartz     Course: Applied Statistics for Management



Data visualization: Graphical integrity 
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Data visualization: “Above all else show the data”

• When you see a graph you should be drawn to essence of the
data (the focus shouldn’t be the visualization technique)

• Data-ink (the part that cannot be erased to display the core
of the data)

– Most of the graph should show data information

– Maximize the numerator or erase non-data ink, with reasons (e.g.
avoid redundancy, unless facilitate comparison)

ܽݐܽܦ െ ݋݅ݐܽݎ	݇݊݅ ൌ 	
ܽݐܽ݀ െ ݅݊݇

݄ܿ݅݌ܽݎ݃	ݐ݊݅ݎ݌	݋ݐ	݀݁ݏݑ	݇݊݅	݈ܽݐ݋ݐ
ൌ 1	 െ 	ܾ݁	݊ܽܿ	ݐ݄ܽݐ	݄ܿ݅݌ܽݎ݃	ܽ	݂݋	݊݋݅ݐݎ݋݌݋ݎ݌

ܽݐܽ݀	݂݋	ݏݏ݋݈	ݐݑ݋݄ݐ݅ݓ	݀݁ݏܽݎ݁ െ ݊݋݅ݐܽ݉ݎ݋݂݊݅
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Data visualization: “Above all else show the data”

Source: http://www.infovis-wiki.net/index.php/Data-Ink_Ratio

Low Data-Ink Ratio High Data-Ink Ratio
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• Boxplots (this is just a suggestion! – based on Tufte’s
principles) – what are we missing???

Applications

• Criticism (Stryjewski, 2010)
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• Experimental research
– Tuskegee Syphilis study 

– Role of International Review Boards
• Respect for persons (role of informed consent / coercion)
• Beneficence (role of Zimbardo’s prison study)
• Justice
 

Ethical principles
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• Confidentiality
• Anonymity

(e.g., in surveys)

• How about when knowing about the study may affect 
behavior 

Ethical principles
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Ethical principles: Plagiarism
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Ethical principles: Data fabrication
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Ethical principles: Data manipulation and “p-hacking”

Simmons, J. P., Nelson, L. D., & Simonsohn, U. (2011). False-positive 
psychology undisclosed flexibility in data collection and analysis allows 
presenting anything as significant. Psychological science.
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About the cases on ethics we have discussed, what are the 
main motivations that lead people to do it?


