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Today's topic

Descriptive data analysis consists of practices used to characterize data samples.

It is contrasted with inferential data analysis, which attempts to infer properties of (or 
ask questions about) the larger population from which the sample was drawn.

Much of this is adapted from the assigned reading (Johnson 2014), with occasional 
pointers towards relevant software.



Outline for today

1. Scales of measurement
2. Distributions
3. Central tendency
4. Dispersion



Scales of measurement



Types of variables

How we describe, visualize, or model a given variable depends on just what "kind" of 
variable it is.

So far we haven't had to think much about this question, because we've mostly just 
dealt with categorical (or nominal) variables.

Taxonomies of variables are known as scales (or levels) of measurement, after an 
influential paper by Stevens (1946).



Stevens' nominal scale

Variables drawn from a discrete, finite set

Example: POS tags, casing tags.

This corresponds to what we've been calling categorical, and also includes binary 
variables as a special case.



Stevens' ordinal scale

Variables drawn from a set of values which have a natural order (or rank) 

Example: Likert scales (e.g., completely agree < mostly agree < mostly disagree < 
completely disagree), frequency bins

There are few meaningful distinctions between nominal and ordinal binary variables 
(e.g., is it meaningful to say false < true?).



Stevens' interval scale

Variables which range over a set of values which support difference

Example: temperature Celsius, dates (CE or BCE)

Interval scales must have a meaningful anchor point (the freezing point of water at 1 
atmosphere, the nominal date of the birth of Jesus of Nazareth, etc.).



Ordinal vs. interval scales

Crucially, the conceptual distance between completely agree and mostly disagree is 
not the same as that between mostly agree and completely disagree, even though 
they are both "two levels" away.

On the other hand, there is a sense in which the distance between 1862-1932 (CE) 
and 1917-1987 is the same size (70 years).



Stevens' ratio scale

Variables which range over a set of values which support ratios

Example: temperature Kelvin, frequencies/counts, sizes

Most naively measurable physical stimuli fall into this category.

Ratios scales must have a meaningful zero (absolute zero, etc.).



Interval vs. ratio scales

Similarly, there is no sense in which 20 ℃ is "twice" the temperature of 10 ℃, even 
though 20 / 10 = 2.

On the other hand, there is a sense in which the 440 Hz ("A above middle C") is 
"twice" 220 Hz ("A below middle C").



Nota bene

Scales of measurement are strictly independent of the numerical type of the variable.

E.g., positive counting numbers ℕ+ can belong to any of Stevens' levels.

Scales of measurement can be subverted by numerical encoding:

E.g., ordinal variables, one-hot encoded, become nominal variables.



Stevens' (1946) scales of measurement, summarized

Type Operators Central tendency

Nominal equality mode

Ordinal rank median

Interval subtraction arithmetic mean

Ratio division geometric mean



Critiques

Mosteller (1977) claims that it is not exhaustive and augments it with:

● Counted fractions (i.e., ℚ ∩ [0, 1])
● Counts (i.e., ℕ+)
● Amounts (i.e., ℝ+)
● Balances (i.e., ℝ)

etc.



Distributions



Describing distributions

Once we have obtained a random sample of some variable, the next step in 
description is to characterize its distribution:

● A univariate nominal or ordinal distribution is characterized by a table of counts
● A univariate distribution of counts is characterized by a stem-and-leaf plot
● A continuous univariate distribution is summarized by a histogram



Distribution demo



Distribution modality

We can (impressionistically) characterize a (count, or continuous) distribution in 
terms of how many modes it has; for instance Albuquerque's 2010 temperatures has 
two modes (one in the 40s, one in the 70s).



The normal distribution

We also can fit a normal ("bell curve") distribution to the data, and characterize the 
quality of the fit using the Shapiro-Wilk test.



Central tendency



Central tendency

Measures of central tendency describe "typical" or "central" values of a distribution. 
They include:

● the (arithmetic) mean, the value closest to the center of the distribution
● the median, the value separating the lower and upper half of the distribution
● the mode, the most common value in the distribution



Central tendency demo



Dispersion



Dispersion

Measures of central tendency describe "typical" or "central" values of a distribution.

Measures of dispersion describe the degree to which values in the distribution 
cluster around the central tendency.



Interquartile range

One simple measurement of dispersion is the interquartile range (IQR).

To compute the IQR, construct a 4-bin histogram (each a quartile), and then compute 
the distance between the "breaks" between the 1st and 3rd quartile (i.e., the 25th and 
75th percentile).

The IQR corresponds to the "box" portion of a boxplot.



Variance and standard deviation

If we assume the distribution is roughly normal, two other statistics are well-defined:

● The variance is the sum of squared distances from the mean, divided by the 
number of observations.

● The standard deviation is simply the square root of the variance.



Skewness

Skewness is a measure of the degree to which a distribution is symmetrical about 
the mean.

While this is a dimensionless quantity, the interpretation is:

● a distribution with positive skew is right-skewed, i.e., has a longer right tail, and
● a distribution with negative skew is left-skewed, i.e., has a longer left tail.



(Excess) kurtosis

Excess kurtosis is a measure of the degree to which a distribution's peaks and tails 
conform to the shape of a normal distribution. We traditionally compute excess 
kurtosis, which measures kurtosis compared to that of a true normal distribution 
(which has a "raw" kurtosis of 3).

While this is a dimensionless quantity, the interpretation is:

● a heavy-tailed (platykurtic) distribution has positive excess kurtosis, and
● a light-tailed (leptokurtic) distribution has negative excess kurtosis.



Dispersion demo
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Links

Stem-and-leaf function: 

http://gist.github.com/kylebgorman/3df702f6a60e1ec6bdc31e2b76c5d179

Today's data:

http://wellformedness.com/courses/LING83800/Data/

https://gist.github.com/kylebgorman/3df702f6a60e1ec6bdc31e2b76c5d179
http://wellformedness.com/courses/LING83800/Data/

