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The Chen—Shapiro test for normality

Michal Brzezinski
Faculty of Economic Sciences
University of Warsaw
Warsaw, Poland
mbrzezinski@wne.uw.edu.pl

Abstract. The Chen—Shapiro test for normality (Chen and Shapiro, 1995, Jour-
nal of Statistical Computation and Simulation 53: 269-288) has been shown in
simulation studies to be generally slightly more powerful than the commonly used
Shapiro—Wilk and Shapiro—Francia tests, implemented in Stata official commands
swilk and sfrancia. I present the chens command, which performs the Chen—
Shapiro test in Stata.

Keywords: st0264, chens, normality testing, Chen—Shapiro test

1 Introduction

Testing the hypothesis that data are normally distributed plays an important role in
many areas of empirical science. Stata has three official commands to test for uni-
variate normality: swilk (SW), sfrancia (SF), and sktest (SK). They implement,
respectively, the Shapiro-Wilk test (Shapiro and Wilk 1965), the Shapiro—Francia test
(Shapiro and Francia 1972), and the skewness and kurtosis test proposed by D’Agostino,
Belanger, and D’Agostino (1990) with an adjustment made by Royston (1991a).

The last test, in general, performs worse for nonaggregated or ungrouped data than
the first two (Gould and Rogers 1991; Gould 1992; Royston 1991b). As recommended
in [R] sktest, the Shapiro—Francia test should be used whenever dealing with nonag-
gregated or ungrouped data. If normality is rejected, SK may be used to determine the
reasons for rejection. Moreover, as suggested by D’Agostino, Belanger, and D’Agostino
(1990) and Royston (1991b), conclusions about normality should not be drawn solely
on the basis of any test statistic—normal quantile plots should be treated as at least
an equally meaningful tool for determining normality. These plots are implemented in
Stata with the qnorm command; see [R] diagnostic plots for more information.

Chen and Shapiro (1995) introduced a test for normality that compares the spac-
ings between order statistics with the spacings between their expected values under
normality. The test is easy to compute and has been shown in a simulation study by
Chen and Shapiro (1995) to be as powerful as or superior to the SW test for most of the
alternatives studied. The Chen—Shapiro (CS) test emerged as the best overall test for
a wide diversity of alternatives from a comparison of nine normality tests conducted in
Seier (2002). She recommended that statistical software should incorporate this test.

Recently, the CS test was included in a comprehensive power comparison study of 33
normality tests by Romao, Delgado, and Costa (2010). Their results indicate that the
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Cs test is among the best choices for symmetric distributions, while both the CS and
the SW tests, among a few others, are recommended for asymmetric distributions, for
modified normal distributions (excluding normal distributions with outliers), and when
the nature of nonnormality is unknown. In the study, the CS test has on average slightly
higher empirical power than the SW test and a bigger advantage over the SF test.

In this article, I present the chens command, which implements the CS test for
normality in Stata. In section 2, I briefly describe the CS test. In section 3, I present the
chens command, and I provide an example in section 4. In section 5, I use simulations
to compare the empirical power of tests performed by SW, SF, SK, and chens. I conclude
the article in section 6.

2 CS test

For a sample of size n, x1, 72, ..., Ty, With z(1),z(2), ..., T(n) representing the order of
the statistics of that sample, the test for normality introduced by Chen and Shapiro
(1995) is based on normalized spacings and is defined as follows

n—1

1 L(i+1) ~ 2(i)
H =
Q (n - 1)8 ; Hi+1 — Hi

where H; = & {(i — 3/8)/(n + 1/4)}, @1 is the inverse of the standard normal
distribution, and s is the sample standard deviation. When the normality hypothesis is
true, the distribution of QH will have a mean close to 1. Moreover, Chen and Shapiro
(1995) prove that QH is a lower-tailed test. The QH statistic is easily computed by
using a function returning the inverse normal cumulative distribution; see invnormal ()
in [D] functions. The distribution of QH under the null hypothesis of normality was
investigated empirically for n = 3(1)50, 60, 80, 100, 150, 250, 500, 1000, 2000 by Chen and
Shapiro (1995), with 100,000 samples drawn from the standard normal distribution. To
eliminate the need for tables of percentiles, they defined the statistic

QH = V(1 - QH)

which is an upper-tailed test. Chen and Shapiro (1995) fit regression equations to se-
lected upper quantiles of QH*, ¢ = 0.001,0.005(0.005)0.05(0.01)0.10, as a function of
sample size (10 < n < 2000). Thus the p-value of the QH* test can be approximated
by linear interpolation between two quantiles. In this article, I have reestimated the
regression equations proposed by Chen and Shapiro (1995) by using empirical upper
quantiles of QH* computed with 1,000,000 normal samples for sample sizes from 5
to 2,000.
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3 The chens command

3.1 Syntax

The syntax for the chens command is analogous to that of the SW command:

chens wvarlist [zf} [m] [, @ies]

3.2 Option

noties suppresses the use of averaged ranks for tied values when calculating the W test
coefficients.

4 Example

I illustrate the chens command by using sp500.dta, which comes with Stata. Let us
test whether a variable called open is distributed normally. Using existing commands,
we obtain the following results:

. sysuse sp500
(S&P 500)

. sktest open

Skewness/Kurtosis tests for Normality

joint
Variable Obs  Pr(Skewness) Pr(Kurtosis) adj chi2(2) Prob>chi2

open 248 0.8984 0.0500 3.89 0.1432
. swilk open
Shapiro-Wilk W test for normal data
Variable Obs W \ z Prob>z

open 248 0.98998 1.805 1.374 0.08475
. sfrancia open
Shapiro-Francia W~ test for normal data
Variable ‘ Obs W- V- z Prob>z

open ‘ 248 0.99214 1.539 0.903 0.18316

All three tests suggest that we cannot reject the hypothesis that open is normally
distributed at the 5% significance level. Now let us repeat the test by using the chens
command:

. chens open
Chen-Shapiro QH* test for normal data
Variable ‘ Obs QH QHx* P-value

open ‘ 248 0.99986 0.00218 0.04816
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The result suggests that according to chens, the normality of open is marginally rejected
at the 5% level. However, the differences between the p-values for the SW and chens
commands are rather small, and it is difficult to decide which test should be preferred.

A normal quantile plot for open is shown in figure 1. There are noticeable deviations
from normality in the upper tail of the distribution, which may justify why chens rejects
normality at the 5% significance level. This suggests that at least for the variable
considered, chens may be a useful alternative for testing normality in Stata.
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Figure 1. Normal quantile plot for open variable

5 Simulation study

In this section, I present the results of a simulation study comparing the empirical
power of the CS test and the tests performed by Sw, SF, and SK. The setup of the
simulation largely follows Gould (1992). The following basic alternative distributions
were included: uniform(0, 1); two cases of Student’s ¢ distribution with 5 and 20 degrees
of freedom, ¢(5) and ¢(20); two cases of chi-squared distribution with 5 and 10 degrees of
freedom, x2(5) and x2(10); two cases of beta(a, b) distribution, beta(2, 2) and beta(2,1);
and one case of Tukey(\) distribution, Tukey(0.5).

In addition, three modified normal distributions were used. A location-contaminated
standard normal distribution, LoConN, consists of elements drawn with p = 0.95 from
the standard normal distribution, N(0,1), and with p = 0.05 from N(5,1). A scale-
contaminated standard normal distribution, ScConN, consists of a distribution drawn
with p = 0.95 from the standard normal distribution, N(0,1), and with p = 0.05
from N(0,10). Finally, a long-tail normal distribution, LongTailN, consists of standard
normal deviates, u, multiplied by 1.25 with probability p = 0.5 if the absolute value of
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u is greater than 1.5. The standard normal distribution was included as well to confirm
the nominal significance levels of tests. The study used 1,000,000 Monte Carlo samples
and was carried out for three sample sizes (n = 20,50, 100) and three significance levels
(a =0.01,0.05,0.10). Table 1, below, gives the empirical power of each test considered
for a given alternative distribution.

The results suggest that the ranking of the tests depends on the alternative distri-
bution. For some alternatives—most notably, for Student’s ¢, LongTailN, and y?(5)
distributions—the CS test performs worse than at least one of the rival tests. On the
other hand, the CS test has in general slightly but noticeably higher power than the
rivals for the uniform distribution, especially for smaller sample sizes and significance
levels. It exhibits a visibly better performance for beta(2,2), beta(2,1), and Tukey(0.5)
distributions for the smallest sample size. Moreover, it performs better than SW and
SF tests in the cases of beta(2,2) and Tukey(0.5) distributions for all sample sizes and
significance levels. These results confirm the conclusions of Romao, Delgado, and Costa
(2010) that the CS test is particularly attractive in the case of symmetric alternative
distributions. Other simulations, not shown for brevity’s sake, revealed that for grouped
data, the CS test usually performs significantly worse than the skewness and kurtosis
test implemented in SK.

In all, the results in table 1 suggest that the CS test may be a useful complement to
the already existing univariate normality tests for nonaggregated data in Stata.
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6 Conclusion

In this article, I introduced the chens command, which implements the CS test for
the normality of nonaggregated or ungrouped data. Simulation results showed that for
some alternative distributions, especially symmetric ones, the test has visibly higher
empirical power than the official Stata normality tests.
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