
Statistics 22000E - Winter 2003

Normal Probability Plots

1. Normal probability plots

In Exercise 1.3 we considered scoring data obtained from 150 applicants for secretarial po-
sitions in a government agency in an achievement test. Scoring data are often believed to
be normally distributed. To check whether this is true for the given scoring data (in file
scores1.txt) we draw a normal probability plot for the obervations.

STATA provides the command qnorm which plots the observed quantiles of the data x1, . . . , xn

against the theoretical quantiles of a normal distribution with mean x̄ and variance s2.

. infile scores using "scores1.txt"

(150 observations read)

. qnorm scores, xlabel(20 30 to 100) ylabel(20 30 to 100)

The resulting graph is shown in Figure 1. Since the quantiles in the plot approximately form
a straight line, the data are indeed approximately normally distributed. Figure 1 shows also
the normal probability plot for the sulfur oxide data in Exercise 2.4.

. infile sulfur using "sulfuroxide.txt", clear

(80 observations read)

. qnorm sulfur, xlabel(5 10 to 35) ylabel(5 10 to 35)

2. Generating normally distributed random numbers

STATA provides the command uniform() to generate a sample from the uniform distribution
on [0, 1). Random samples from other distributions can be obtained from such observations
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Figure 1: Normal probability plots for scoring data (left) and sulfur oxide data (right).
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by a simple transformation. To show this suppose that U is uniformly distributed on [0, 1)
and define X = F−1(U), where F is the cumulative distribution function of the distribution
of interest. Then

P(X ≤ x) = P(F−1(U) ≤ x) = P(U ≤ F (x)) = F (x).

Thus the cumulative distribution function of X is F . In other words, any realizations of X
are a random sample from the distribution of interest.

As an example, suppose we want to generate a sample from the exponential distribution with
parameter λ. The corresponding cumulative distribution function is F (x) = 1− exp(−λ x).
Thus if U ∼ U [0, 1), then

X = F−1(U) = −1

λ
log(1− U)

is exponentially distributed with parameter λ.

Unlike in the case of the exponential distribution, the inverse Φ−1 of the standard normal
cumulative distribution function is not available in closed analytical form. However, STATA
provides a numerical approximation, which can be accessed by the command invnorm. The
command takes one argument. For example, invnorm(0.95) yields the 0.95th quantile of
the standard normal distribution.

The command display performs a single calculation and shows the result on screen. Thus
0.95th quantile of the standard normal distribution N (0, 1) can be calculated in STATA
(rather than looking it up in a table at the end of your textbook) by

. display invnorm(0.95)

1.6448536

Other useful functions in STATA are

Probability of Z < 1 for Z ∼ N (0, 1)

. display norm(1)

.84134475

Probability of −2 < Z < 2

. display norm(2)-norm(-2)

.95449974

Number of possible combinations of k out of n, e.g. 2 out of 10

. display comb(10,2)

45

Probability of X ≥ x for X ∼ Bin(n, p), e.g. n = 10, k = 2, and p = 1
2
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Grid lines are 5, 10, 25, 50, 75, 90, and 95 percentiles
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Grid lines are 5, 10, 25, 50, 75, 90, and 95 percentiles
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Figure 2: Normal probability plot for 200 observations from U [0, 1) (left) and N (0, 1)(right).

. display Binomial(10,2,0.5)

.98925781

A sample from the standard normal distribution can be obtained by the sequence invnorm(uniform()).
To apply this, we draw 200 observations from the standard normal distribution and from
the uniform distribution on [0, 1) and compare the normal probability plots.

. clear

. set obs 200

. generate U=uniform()

. generate N=invnorm(uniform())

. qnorm U, grid

. qnorm N, grid

We can repeat the simulation by replacing the previously generated observations (plots are
not shown):

. replace U=uniform()

. replace N=invnorm(uniform())

. qnorm U, grid

. qnorm N, grid

3. Exercise

Use the sequence of commands from the previous section to simulate ten observations from

(a) the uniform distribution on [0, 1),

(b) the standard normal distribution, and

(c) the exponential distribution with parameter λ = 1.

Examine the “normality” of the data using the normal probability plot. Repeat this a few
times to find out about the variation in the plots. Can you decide which of both samples is
normally distributed and which not?

3


