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A Pascal program to perform the Bonferroni
multistage multiple-correlation procedure
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When researchers perform several bivariate correlations
on a data set, they need to know which of these correla
tioncoefficients are statistically significant. However, this
assessment is not straightforward. The probability esti
mates thatare output by computerized statistical packages
and shown in statistical tables are calculated on the as
sumption that only one test has been performed, and the
probability of making at leastone Type 1error increases
withthe number of testsperformed (Larzelere & Mulaik,
1977). This problem is analogous to that posed by per
forming multiple t tests on a data set. Although several
procedures are readily available (and routinely performed)
to provideprotection for multiple comparisons of means
(seeKeppel, 1982, chap. 8), noprocedure is readily avail
able to protect researchers from unacceptable levels of
Type I error when multiple correlation tests are per
formed.

The present paper describes a computerprogram that
performssucha protection procedurefor multiple corre
lation tests (the Bonferroni multistage procedure), and
therebymaintains the specified Type I error rate (alpha
level) across a set (family) of correlations.

Bonferroni Multistage Procedure
Larzelereand Mulaik (1977) reviewed several protec

tion procedures for multiple correlation tests and con
cluded that the Bonferroni multistage wasthebest for this
purpose. The generalBonferroni method is basedon the
assumption that if there are m correlations to be tested,
then the probability level for acceptance of each coeffi
cient should be the specified alpha level divided by m.
For example, with five correlations to be tested with a
familywise alpha level of .05, only correlations with a
probability of lessthan .01would beaccepted. If all corre
lation coefficients are nonsignificant, then this general
Bonferroni procedure is appropriate; however, if some
coefficients are significant (as wouldbe usual), then this
procedure is too conservative (Larzelere, 1975; cited in
Larzelere& Mulaik, 1977). To overcome this conserva
tive bias, the general Bonferroni was modified, and the
multistage Bonferroni resulted.

In the first stage of the multistage Bonferroni, the al
pha level for acceptance of each of the m tests is calcu-
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lated by dividing the specified familywise alpha level by
m (and then by 2 if two-tailed tests are desired), and the
Stage I (St)teststhatare significant at this testalphalevel
are determined. At the next stage, a new test alpha level
is calculated for acceptance of the m minusSt, remaining
nonsignificant correlations. This processcontinues until
no more tests are statistically significant at the test alpha
level. Therefore, at each stage the specified familywise
alpha level is divided by the number of nonsignificant
correlations at that stage, until no additional correlations
are significant.

Although the logicof the multistage Bonferroni is sim
ple, its computation is not. With the algorithm presented
by Larzelereand Mulaik (1977), the calculations are ex
ceptionally tedious, prone to error, and somewhat inac
curate; interpolation of Gaussian distribution tables and
rounding error limittheprecision of the results. However,
withthe improved formulas suggested by Harris (1976),
the computation is much more onerous and frustrating,
and a computerized procedure becomes essential.

A Pascal Program
The program described here performs the multistage

Bonferroni procedure simply and efficiently. Across a
widerage of sample sizesand alphalevels, Harris (1976)
showed that the Peiser (1943) approximation of t (used
by Larzelere& Mulaik, 1977) is lessaccuratethan Zelen
and Severo's (1964;cited in Harris, 1976) four-term ap
proximation. Therefore, thisfour-term approximation has
been implemented so that the present program will
produce accurate results with both small and large sam
ples and at all alpha levels.

Input. Beforethisprogamcan be used, thecorrelation
coefficients to be testedmust be stored in a data file with
each coefficient separated by at least one blank space or
carriage return (i.e., freefield). To allowthe programto
be run on most versions of Pascal (the departures from
the standardare discussed below), all numbers that con
tain decimal points (e.g., correlationcoefficients and al
pha levels) must have a digit before the decimal point.
For example, .23, -.37, and .05 mustbe entered as 0.23,
-0.37, and 0.05.

Theprogrampromptsfor the nameof the file thatcon
tains the coefficients, the nameto be assigned to the out
.put, and the title to be displayed on the outputfIle. Next,
the program prompts for the familywise alpha levels to
be used, the numberof cases (N) for the family of corre
lations, and the numberof correlations in this family. Fi
nally, the program readsthe coefficients and stores them
in an array, performsthe Bonferroni assessments, writes
a report to the output file, and tells the user the name of
the flle that contains this report.

Output. A sample output is shown in the Appendix.
The output is headed by the title provided by the user,
the name of the file that contained the coefficients, and
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the correlation coefficients that were tested. A row of
asterisks separates the outputbetween alpha levels, and
a rowof hyphens separates theoutput within alphalevels.
For each assessment, the program outputs: the family
wisealphalevel; the family N; the number of correlations
to be tested at that stage; theresultant z, t, andcritical corre
lation coefficient (critical r) for acceptance at the speci
fied familywise alpha level; and the correlation coeffi
cientsthatare greaterthanthiscriticalr. Assessments are
two-tailed, so that only the magnitude of the coefficient
is important, not the direction. At each stage, the num
ber of correlations to be testedis reduced by the number
of correlations thatwere significant at the previous stage,
a new critical r is computed for this number of nonsig
nificant correlations, and the number of coefficients
greater than this new critical r is assessed, until a stage
is reachedat which no additional significant correlations
emerge. For example, the Appendix shows for the
.1 alpha levelat Stage 1, of the original 15correlations,
4 were significant; therefore, at Stage 2, only 11 corre
lations were used to compute the new critical r. At this
stage, 6 correlations weresignificant, soat Stage 3, only
9 correlations were tested. At Stage4, no additional
coefficients were significant, so the analysis stopped for
the .1 alphalevel,andanalyses commenced withthenext
alphalevel (.05). The Appendix illustrates thedifference
between the general andthe multistage Bonferroni proce
dures. Withthegeneral Bonferroni for the .1 alphalevel,
the critical r is .292 and four coefficients are significant
(shown in Stage 1 in the Appendix). However, for the
multistage Bonferroni at the .1 alphaelvel, thecritical r is
.270 and seven coefficients are significant (shown in
Stage 4 in the Appendix). Therefore, if some coefficients
are significant, the multistage is lessconservative thanthe
general Bonferroni procedure.

Program Language and Requirements. Theprogram

is written in Pascal, and the only departures from stan
dard Pascal (Jensen & Wirth, 1978) are the use of the
underscore character(_) in longvariableandprocedure
names and the use of variable names that are unique
after 8 but less than32 characters. The programwasde
veloped (and has been used exclusively) on a PRIME
9955, 8-MB, 32-bit machine, but any machine that can
accommodate the 300 lines of programcode and the ar
raythatcontains thecorrelation coefficients should be able
to run the program satisfactorily. Even 8-bit machines
should be able to use this program to process several
hundred correlation coefficients, because very little
memory is usedexceptfor thearray that holds the corre
lationcoefficients, and the size of this array (and there
forethe memory requirements) canbe adjusted bychang
ing the constant declaration MAXCORRS on Page 1 of
the program.

Availability. A program listing maybe obtained at no
cost from the author.
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APPENDIX
Sample Output for an Analysis of the Larzelere and Mulaik (1977)

Data with Alpha Levels of .1 and .05

AnalY8i8 of Larzelere & Hulaik (1977) data with alpha levels .1 and .O~

Input deta from L&H_DATA

-0.290 -0.320 -0.420 -0.220 -0.280 0.3~0 0.230 0.330
0.290 0.120 -0.130 -0.180 -0.230 -0.110 -0.220

(***************************************•••••••**•••••• )

For femily-wiae elpha level of 0.1
with N· 8~ end 1~ correletiona to be teated
Z • 2.713. t • 2.783. criticel r • 0.292

The following correletiona are significant:

Correlation 2 -0.320
Correlation 3: -0.420
Correlation 6: 0.3~

Correlation 8: 0.330
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APPENDIX (continued)

For family-wise alpha level ot 0.1
with N· 85 and 11 correlations to be tested
Z • 2.609, t • 2.672, critical r • 0.281

The following correlations are significant:

Correlation 1
Correlation 2
Corre lat Ion 3
Correlation 6
Correlation 8
Correlation 9

-0.290
-0.320
-0.420
0.350
0.330
0.290

For family-wise alpha level of 0.1
with N· 85 and 9 correlations to be tested
Z • 2.540, t • 2.598, critical r • 0.274

The following correlations are significant:

Correlation 1
Correlation 2
Correlation 3
Correlation 5
Correlation 6
Correlation 8
Correlation 9

-0.290
-0.320
-0.420
-0.280
0.350
0.330
0.290

For family-wbe alpha leVel of 0.1
with N· 85 and 8 correlations to be tested
Z • 2.49g, t • 2.S54, critical r • 0.270

The following correlations are significant:

Correlation I
Correlation 2
Correlation 3
Correlation S
Correlation 6
Correlation 8
Correlation 9

-0.290
-0.320
-0.420
-0.280

0.350
0.330
0.290

(••••••••••*****.************************************•• )

For family-wiae alpha level of 0.05
with N· 8S and 15 correlations to be tested
Z - 2.936, t • 3.023, critical r • 0.315

The folloWing correlations are significant:

Correlation 2
Correlation 3
Correlation 6
Correlation 8

-0.320
-0.420

0.350
0.330

For family-wise alpha level of 0.05
with N· 8S and 11 correlations to be tested
Z - 2.838, t • 2.917, critical r • 0.305

The folloWing correlations are significant:

Correlation 2
Correlation 3
Correlation 6
Correlation 8

-0.320
-0.420

0.350
0.330

(••••••••••••••••••**••*•••••*••••• *••••• ***••••••••••• )

(Manuscript accepted for publication August 20, 1985.)


