
2 Descriptive Statistics

e.g. Here are gas mileages of 32 cars in an R vector :

mileage = c(21.0,21.0,22.8,21.4,18.7,18.1,14.3,24.4,22.8,19.2,17.8,

16.4,17.3,15.2,10.4,10.4,14.7,32.4,30.4,33.9,21.5,15.5,

15.2,13.3,19.2,27.3,26.0,30.4,15.8,19.7,15.0,21.4)
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Numerical summaries

• Measures of location

– Measures of center

∗ The sample mean, X̄, of data X1, . . . , Xn is their sum divided by the sample size:

X̄ =
1

n

n∑
i=1

Xi.

e.g. For the sample 2, 2, 3, 5, X̄ = . This is the
where the sum of torques (force × deviation) is 0 (draw).

e.g. For mileages, find X̄ in R via mean(x=mileage) (draw).

∗ The sample median, M , is the midpoint of a sample. To find it,

· n odd =⇒ M is center data point (at position n+1
2 )

· n even =⇒ M is average of the two central points (at positions n
2 and n

2 + 1)

e.g. Find median of 6, 4, 7, 5, 3

e.g. Find median of 6, 4, 7, 5, 3, 8

e.g. For gas mileage data, find M in R via median(x=mileage) (draw)
An outlier is a point far from the others. Check for outliers; correct only when
certain they’re due to .
X̄ is in a sample with an outlier, while M outliers.
e.g.

– Generalizations of the median

∗ Quartiles divide the data into groups of (≈) equal size



· The first quartile, Q1, is the median of the first half of the data. The third
quartile, Q3, is the median of the second half. (For odd n, include the median
in each half.)

· The second quartile, Q2, is the same as .

∗ Roughly speaking, the pth quantile, for p in [0, 1], is the point such that a proportion
of the data are smaller. (A precise definition is .)

· The .25 quantile is , the .5 quantile is , and the .75 quantile is .

· Use R to find Q1 and Q3 for gas mileage:
q = quantile(x=mileage); q; Q1 = q[2]; Q1; Q3 = q[4]; Q3

• Measures of variability (or spread)

– The sample standard deviation, S, indicates how far a typical datum is from .

The deviation of the ith observation from the mean is (observation) − (mean) = Xi−X̄.
e.g. For 2, 2, 3, 5 (above), the deviations from their mean (3) are , , , .

Why not use average deviation? .

Why not use average absolute deviation? .

The sample variance, S2, of n observations is their average squared deviation:

S2 =
1

n− 1

n∑
i=1

(Xi − X̄)2

(Optional note: Divide not by , but by , the degrees of freedom in the sum. If we knew the

population mean, µ, we’d use it for X̄ and divide by n. But the data are closer to than , so

dividing by n tends to underestimate the population variance, σ2. Using n− 1 corrects for this.)

Note: We could call
∑n

i=1(Xi − X̄)2 a , and we could then refer
to S2 as a . We’ll use these terms in §10.

Variance is measured in .

Finally, the sample standard deviation of n observations is

S =
√

sample variance

=

√√√√ 1

n− 1

n∑
i=1

(Xi − X̄)2

S has the same units as the data.

e.g. Find sample standard deviation for 2, 2, 3, 5:

e.g. Use R to find smileage via sd(x=mileage) (draw)

– The range of a sample is its maximum minus its minimum.

– The interquartile range, IQR = , spans the center of data (draw).

Exam tip: Learn how to use your to find x̄ and s.



Graphical Summaries

• To make a dotplot, draw a number line and a for each datum above its value on the
line. e.g. There’s a dotplot above. To do it with R: stripchart(x=mileage, xlim=c(0, 40))

• A histogram reveals the of a distribution. e.g.

– To make a histogram by hand (optional),

1. make a frequency table:

∗ choose ≈ 5-15 equal-length intervals covering [min, max]

∗ count #points in each interval (exclude left end point, include right)

2. above each interval, draw bar whose height indicates its

∗ frequency (count),

∗ relative frequency = frequency
total #observations

(proportion), or

∗ density = relative frequency
bar width

(so total bar area is 1)

– To make a histogram with R, e.g.

hist(x=mileage) # frequency

hist(x=mileage, breaks=seq(from=10, to=40, by=10)) # too few breaks

hist(x=mileage, breaks=seq(from=10, to=40, by= 1)) # too many

hist(x=mileage, freq=FALSE) # density

rug(x=mileage) # add data points

Shapes include normal (bell curve), uniform, right (right half of data extend
much further than left), bimodal, etc. e.g.

• A density plot (optional) improves on the density histogram.

e.g. plot(density(mileage)); rug(mileage)

• To make a boxplot :

1. draw a vertical scale

2. draw horizontal lines at , , and

3. draw vertical lines to complete a box

4. call any point outside [Q1−1.5×IQR,Q3 +1.5×IQR] an and plot each
one (where IQR is a numerical summary, below)

5. draw lines from box to largest non-outlier and from box to smallest non-outlier

e.g. Make a boxplot of gas mileages, given Q1 = 15.425,M = 19.2, and Q3 = 22.800.

Here it is with R: boxplot(x=mileage)

• To make a scatterplot of two numeric variables x and y, draw a point at for
each i in 1, . . . , n, where n is the sample size. e.g. In R,

weight = c(3,2,4); height = c(6,4,5); plot(x=weight, y=height, xlim=c(0,6), ylim=c(0,6))


