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Overview: TTEST Procedure

The TTEST procedure performs # tests and computes confidence limits for one sample, paired observations,
two independent samples, and the AB/BA crossover design. Two-sided, TOST (two one-sided test) equiva-
lence, and upper and lower one-sided hypotheses are supported for means, mean differences, and mean ratios
for either normal or lognormal data. PROC TTEST also computes bootstrap standard error, bias estimates,
and confidence limits.

Table 122.1 summarizes the designs, analysis criteria, hypotheses, and distributional assumptions supported
in the TTEST procedure, along with the syntax used to specify them.

Table 122.1 Features Supported in the TTEST Procedure

Feature Syntax

Design

One-sample VAR statement

Paired PAIRED statement
Two-independent-sample CLASS statement, VAR statement
AB/BA crossover VAR / CROSSOVER=

Analysis Criterion

Mean difference PROC TTEST TEST=DIFF

Mean ratio PROC TTEST TEST=RATIO
Hypothesis

Two-sided PROC TTEST SIDES=2

Equivalence PROC TTEST TOST ( < lower ,> upper )
Lower one-sided PROC TTEST SIDES=L

Upper one-sided PROC TTEST SIDES=U

Distribution

Normal PROC TTEST DIST=NORMAL
Lognormal PROC TTEST DIST=LOGNORMAL

Empirical, resampled with replacement BOOTSTRAP statement

FREQ and WEIGHT statements are available. Data can be input in the form of observations or, in certain
cases, summary statistics. Output includes summary statistics; confidence limits for means, standard
deviations, and coefficients of variation; hypothesis tests; and a variety of graphical displays, including
histograms, densities, box plots, confidence intervals, Q-Q plots, profiles, and agreement plots.
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PROC TTEST uses ODS Graphics to create graphs as part of its output. For general information about ODS
Graphics, see Chapter 21, “Statistical Graphics Using ODS.” For specific information about the statistical
graphics available with the TTEST procedure, see the PLOTS option in the PROC TTEST statement and the
section “ODS Graphics” on page 10156.

Getting Started: TTEST Procedure

One-Sample ¢ Test

A one-sample ¢ test can be used to compare a sample mean to a given value. This example, taken from
Huntsberger and Billingsley (1989, p. 290), tests whether the mean length of a certain type of court case is
more than 80 days by using 20 randomly chosen cases. The data are read by the following DATA step:

data time;

input time (@@;

datalines;

43 90 84 87 116 95 86 99 93 92
121 71 66 98 79 102 60 112 105 98

’

The only variable in the data set, time, is assumed to be normally distributed. The trailing at signs (@ @)
indicate that there is more than one observation on a line. The following statements invoke PROC TTEST for
a one-sample f test:

ods graphics on;

proc ttest h0=80 plots(showh0O) sides=u alpha=0.1;
var time;
run;

ods graphics off;

The VAR statement indicates that the time variable is being studied, while the HO= option specifies that
the mean of the time variable should be compared to the null value 80 rather than the default of 0. The
PLOTS(SHOWHO) option requests that this null value be displayed on all relevant graphs. The SIDES=U
option reflects the focus of the research question, namely whether the mean court case length is greater than
80 days, rather than different than 80 days (in which case you would use the default SIDES=2 option). The
ALPHA=0.1 option requests 90% confidence intervals rather than the default 95% confidence intervals. The
output is displayed in Figure 122.1.

Figure 122.1 One-Sample ¢ Test Results
The TTEST Procedure

Variable: time

N Mean Std Dev Std Err Minimum Maximum
20 89.8500 19.1456 4.2811 43.0000 121.0
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Figure 122.1 continued

90% 90%
Mean CL Mean StdDev CL StdDev

89.8500 84.1659 Infty 19.1456 15.2002 26.2374

DF t Value Pr>t
19 2.30 0.0164

Summary statistics appear at the top of the output. The sample size (N), mean, standard deviation, and
standard error are displayed with the minimum and maximum values of the time variable. The 90% confidence
limits for the mean and standard deviation are shown next. Due to the SIDES=U option, the interval for the
mean is an upper one-sided interval with a finite lower bound (84.1659 days). The limits for the standard
deviation are the equal-tailed variety, per the default CI=EQUAL option in the PROC TTEST statement. At
the bottom of the output are the degrees of freedom, ¢ statistic value, and p-value for the ¢ test. At the 10% «
level, this test indicates that the mean length of the court cases is significantly greater than from 80 days (¢ =
2.30,p=0.0164).

The summary panel in Figure 122.2 shows a histogram with overlaid normal and kernel densities, a box plot,
the 90% confidence interval for the mean, and the null value of 80 days.

Figure 122.2 Summary Panel
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The confidence interval excludes the null value, consistent with the rejection of the null hypothesis at o« = 0.1.

The Q-Q plot in Figure 122.3 assesses the normality assumption.

Figure 122.3 Q-Q Plot
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The curvilinear shape of the Q-Q plot suggests a possible slight deviation from normality. You could use the
UNIVARIATE procedure with the NORMAL option to numerically check the normality assumptions.

Comparing Group Means

If you want to compare values obtained from two different groups, and if the groups are independent of each
other and the data are normally or lognormally distributed in each group, then a group ¢ test can be used.
Examples of such group comparisons include the following:

test scores for two third-grade classes, where one of the classes receives tutoring

fuel efficiency readings of two automobile nameplates, where each nameplate uses the same fuel

e sunburn scores for two sunblock lotions, each applied to a different group of people

political attitude scores of males and females
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In the following example, the golf scores for males and females in a physical education class are compared.
The sample sizes from each population are equal, but this is not required for further analysis. The scores
are thought to be approximately normally distributed within gender. The data are read by the following
statements:

data scores;

input Gender $ Score @Q;

datalines;
£75 £ 76 £80 £ 77 £80 £ 77 £ 73
m8 m80 m85 m85 m 78 m 87 m 82

4

The dollar sign ($) following Gender in the INPUT statement indicates that Gender is a character variable.
The trailing at signs (@ @) enable the procedure to read more than one observation per line.

You can use a group ¢ test to determine whether the mean golf score for the men in the class differs significantly
from the mean score for the women. If you also suspect that the distributions of the golf scores of males
and females have unequal variances, then you might want to specify the COCHRAN option in order to use
the Cochran approximation (in addition to the Satterthwaite approximation, which is included by default).
The following statements invoke PROC TTEST for the case of unequal variances, along with both types of
confidence limits for the pooled standard deviation.

ods graphics on;

proc ttest cochran ci=equal umpu;
class Gender;
var Score;

run;

ods graphics off;

The CLASS statement contains the variable that distinguishes the groups being compared, and the VAR
statement specifies the response variable to be used in calculations. The COCHRAN option produces p-values
for the unequal variance situation by using the Cochran and Cox (1950) approximation. Equal-tailed and
uniformly most powerful unbiased (UMPU) confidence intervals for o are requested by the CI= option.
Output from these statements is displayed in Figure 122.4 through Figure 122.7.

Figure 122.4 Simple Statistics
The TTEST Procedure

Variable: Score

Gender Method N Mean Std Dev Std Err Minimum Maximum
f 7 76.8571 25448 0.9619 73.0000 80.0000
m 7 82.7143 3.1472 1.1895 78.0000 87.0000
Diff (1-2) Pooled -5.8571 2.8619 1.5298
Diff (1-2) Satterthwaite -5.8571 1.5298

Simple statistics for the two populations being compared, as well as for the difference of the means between
the populations, are displayed in Figure 122.4. The Gender column indicates the population that corresponds
to the statistics in that row, and the Method column indicates the method for estimating the standard
deviation, either pooled (assuming equal variances for males and females) or Satterthwaite (assuming unequal
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variances). The sample size (N), mean, standard deviation, standard error, and minimum and maximum

values are displayed.

Confidence limits for means and standard deviations are shown in Figure 122.5.

Gender
f

m

Diff (1-2) Pooled

Diff (1-2) Satterthwaite -5.8571

Method

Figure 122.5 Confidence Limits

95%
95% UMPU CL Std
Mean 95% CL Mean Std Dev CL Std Dev Dev

76.8571
82.7143
-5.8571

74.5036
79.8036
-9.1902
-9.2064

79.2107
85.6249
-2.5241
-2.5078

2.5448 1.6399 5.6039 1.5634 5.2219
3.1472 2.0280 6.9303 1.9335 6.4579
2.8619 2.0522 4.7242 2.0019 4.5727

For the mean difference, both pooled and Satterthwaite 95% intervals are shown. Equal-tailed and UMPU
confidence limits are shown for the standard deviation under the assumption of equal variances.

The test statistics, associated degrees of freedom, and p-values are displayed in Figure 122.6.

Figure 122.6 r Tests

Method Variances DF t Value Pr > |t]
Pooled Equal 12 -3.83 0.0024
Satterthwaite Unequal 11.496 -3.83 0.0026
Cochran Unequal 6 -3.83 0.0087

The Method column denotes which t test is being used for that row, and the Variances column indicates
what assumption about variances is being made. The pooled test assumes that the two populations have
equal variances and uses degrees of freedom n, + n, — 2, where n; and n, are the sample sizes for the
two populations. The remaining two tests do not assume that the populations have equal variances. The
Satterthwaite test uses the Satterthwaite approximation for degrees of freedom, while the Cochran test uses
the Cochran and Cox approximation for the p-value. All three tests result in highly significant p-values,
supporting the conclusion of a significant difference between males’ and females’ golf scores.

The “Equality of Variances” test in Figure 122.7 reveals insufficient evidence of unequal variances (the
Folded F statistic F/ = 1.53, with p = 0.6189).

Equality of Variances
Method Num DF Den DF F Value Pr>F
Folded F 6 6 1.53 0.6189

Figure 122.7 Tests of Equality of Variances

The summary panel in Figure 122.8 shows comparative histograms, normal and kernel densities, and box
plots, comparing the distribution of golf scores between genders.
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Figure 122.8 Summary Panel
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The Q-Q plots in Figure 122.9 assess the normality assumption for each gender.
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Figure 122.9 Q-Q Plot
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The plots for both males and females show no obvious deviations from normality. You can check the
assumption of normality more rigorously by using PROC UNIVARIATE with the NORMAL option; if the
assumption of normality is not reasonable, you should analyze the data with the nonparametric Wilcoxon
rank sum test by using PROC NPAR1WAY.

Syntax: TTEST Procedure

The following statements are available in the TTEST procedure:

PROC TTEST < options > ;
BOOTSTRAP </ options > ;
CLASS variable ;

PAIRED variables ;

BY variables ;

VAR variables </ options > ;
FREQ variable ;

WEIGHT variable ;

No statement can be used more than once. There is no restriction on the order of the statements after the
PROC TTEST statement. The following sections describe the PROC TTEST statement and then describe the
other statements in alphabetical order.
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PROC TTEST Statement
PROC TTEST < options > ;

The PROC TTEST statement invokes the TTEST procedure. Table 122.2 summarizes the options available
in the PROC TTEST statement. The options are then described fully in alphabetical order.

Table 122.2 PROC TTEST Statement Options

Option Description

Basic Options

DATA= Specifies input data set

ORDER= Determines sort order of CLASS variable or CROSSOVER= treat-

ment variables

Analysis Options

ALPHA= Specifies 1 — confidence level

DIST= Specifies distributional assumption (normal or lognormal)

HO= Specifies null value

SIDES= Specifies number of sides and direction

TEST= Specifies test criterion (difference or ratio)

TOST Requests equivalence test and specifies bounds

Displayed Output

Cl= Requests confidence interval for standard deviation or coefficient
of variation

COCHRAN Requests Cochran 7 test

PLOTS Produces ODS statistical graphics

Output Ordering

BYVAR Groups results by variables that are specified in the PAIRED or
VAR statement

NOBYVAR Groups results by tables

You can specify the following options:

ALPHA=p
specifies that confidence intervals (except test-based mean confidence intervals when the TOST option
is used) are to be 100(1 — p)% confidence intervals, where 0 < p < 1. When the TOST option is used,
the test-based mean confidence intervals are 100(1 — 2p)% confidence intervals. If p is O or less, or 1
or more, an error message is printed. By default, ALPHA=0.05.

BYVAR
groups the results by the variables that are specified in the PAIRED or VAR statement. The BY VAR
option is enabled by default. Note that this represents a change from previous releases for how the
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results are grouped with respect to variables and tables. Prior to SAS 9.2, multiple variables were
included in each table, similar to the new NOBY VAR option.

CI=EQUAL | UMPU | NONE

CL=EQUAL | UMPU | NONE
specifies whether a confidence interval is displayed for o and, if so, what kind. You can specify one or
more of the following values:

EQUAL specifies an equal-tailed confidence interval.

UMPU specifies an interval based on the uniformly most powerful unbiased test of Hyp: 0 =
Q.

NONE requests that no confidence interval be displayed for o.

The values EQUAL and UMPU together request that both types of confidence intervals be displayed.
If the value NONE is specified with one or both of the values EQUAL and UMPU, NONE takes
precedence. For more information, see the section “Two-Independent-Sample Design™ on page 10136.
By default, CI=EQUAL.

COCHRAN
requests the Cochran and Cox (1950) approximation of the probability level for the unequal variances
situation. For more information, see the section ‘“Two-Independent-Sample Design” on page 10136.

DATA=SAS-data-set
names the SAS data set for the procedure to use. By default, PROC TTEST uses the most recently
created SAS data set. The input data set can contain summary statistics of the observations instead
of the observations themselves. The number, mean, and standard deviation of the observations are
required for each BY group (one sample and paired differences) or for each class within each BY
group (two samples). For more information about the DATA= option, see the section “Input Data Set
of Statistics” on page 10130.

DIST=LOGNORMAL | NORMAL
specifies the underlying distribution assumed for the data. You can specify the following values:

LOGNORMAL  specifies that the underlying distribution is lognormal.
NORMAL specifies that the underlying distribution is normal.

By default, DIST=NORMAL, unless TEST=RATIO is specified, in which case the default is
DIST=LOGNORMAL.

HO=m
requests tests against a null value of m, unless the TOST option is used, in which case m is merely
used to derive the lower and upper equivalence bounds. For the crossover design, the value m applies
for both treatment and period tests. By default, HO=0 when TEST=DIFF (or DIST=NORMAL for
a one-sample design) and HO=1 when TEST=RATIO (or DIST=LOGNORMAL for a one-sample
design).
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NOBYVAR
includes all variables that are specified in the PAIRED or VAR statement together in each output table.
If the NOBY VAR option is not specified, then the BY VAR option is enabled, grouping the results by
the PAIRED and VAR variables.

ORDER=DATA | FORMATTED | FREQ | INTERNAL | MIXED
specifies the order in which to sort the levels of the classification variables (which are specified in the
CLASS statement) and treatment variables (which are specified in the CROSSOVER= option in the
VAR statement).

This option applies to the levels for all classification or treatment variables, except when you use the
ORDER=FORMATTED option with numeric classification or treatment variables that have no explicit
format. With this option, the levels of such variables are ordered by their internal value.

You can specify the following values:

Value of ORDER= Levels Sorted By
DATA Order of appearance in the input data set.
FORMATTED External formatted value, except for numeric variables

that have no explicit format, which are sorted by their
unformatted (internal) value. The sort order is machine-
dependent.

FREQ Descending frequency count; levels that have the greatest
number of observations come first in the order. In the event
of a tie, ORDER=MIXED is used.

INTERNAL Unformatted value. The sort order is machine-dependent.

MIXED Same as ORDER=FORMATTED if the unformatted vari-
able is character-valued; same as ORDER=INTERNAL
otherwise (the unformatted variable is numeric-valued).

For FORMATTED and INTERNAL, the sort order is machine-dependent.

For more information about sort order, see the chapter on the SORT procedure in the SAS Visual
Data Management and Utility Procedures Guide and the discussion of BY-group processing in SAS
Language Reference: Concepts.

By default, ORDER=MIXED, which corresponds to the ordering in releases previous to SAS 9.2.

PLOTS < (global-plot-options) > < = plot-request< (options) > >

PLOTS < (global-plot-options) > < = (plot-request< (options) > < ... plot-request< (options) > >) >
controls the plots produced through ODS Graphics. When you specify only one plot-request, you can
omit the parentheses around the plot-request. Here are some examples:

plots=none

plots=(histogram boxplot interval qq profiles agreement)
plots (unpack) =summary

plots (showhO)=interval (type=pergroup)

plots=(summary (unpack) interval (type=period))
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ODS Graphics must be enabled before plots can be requested. For example:

ods graphics on;

proc ttest plots=all;
var oxygen;
run;

ods graphics off;
For more information about enabling and disabling ODS Graphics, see the section “Enabling and
Disabling ODS Graphics” on page 615 in Chapter 21, “Statistical Graphics Using ODS.”

If ODS Graphics is enabled but you do not specify the PLOTS option, then PROC TTEST produces
a default set of plots. (NOTE: The graphical results are unavailable if your input data set contains
summary statistics rather than observation values.)

For a one-sample design, the default plots are the following:

e summary plot (histogram with overlaid normal and kernel densities, box plot, and confidence
interval band)

e Q-Q plot
For a two-independent-sample design, the default plots are the following:

e summary plot (comparative histograms with overlaid densities and box plots)
e Q-Q plot
For a paired design, the default plots are the following:
e summary plot (histogram, densities, box plot, and confidence interval) of the difference or ratio
e Q-Q plot of the difference or ratio

e profiles plot

e agreement plot
For a crossover design, the default plots are the following:

e comparative histograms with overlaid densities by treatment and period

e comparative box plots by treatment and period

Q-Q plots by treatment and period
e profiles over treatment plot

e agreement of treatments plot

For more detailed descriptions of plots, see the section “Interpreting Graphs” on page 10157.

You can specify the following global-plot-options:
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ONLY
suppresses the default plots. Only plots that are specifically requested are displayed.

SHOWHO

SHOWNULL
shows the null value (as specified by the HO= option in the PROC TTEST statement) in all
relevant plots. For one-sample and paired designs, the null value can appear when you also
specify the SUMMARY, BOX, or INTERVAL plot-request. For two-independent-sample and
crossover designs, the null value can appear only when you specify the INTERVAL plot-request.

UNPACKPANEL

UNPACK
suppresses paneling. By default, multiple plots can appear in some output panels. Specify
UNPACKPANEL to get each plot in a separate panel. You can specify PLOTS(UNPACKPANEL)
to unpack the default plots.

You can specify the following plot-requests:

ALL
produces all appropriate plots. You can specify other plot-requests with ALL; for example, to

request all plots and specify that intervals should be for the period difference in a crossover
design, specify PLOTS=(ALL INTERVAL(TYPE=PERIOD)).

AGREEMENT < TYPE=type >

AGREEMENTPLOT < TYPE=type>
requests an agreement plot. This plot is produced by default for paired and crossover designs, the
only designs for which the AGREEMENT option is valid.

For paired designs, the second response in each pair is plotted against the first response. For more
information, see the section “Agreement Plots for Paired Designs” on page 10157.

For crossover designs, you can specify the following options:

TYPE=PERIOD
plots the response in the second period against the response in the first period. For more
information, see the section “Period Agreement Plots for Crossover Designs” on page 10157.

TYPE=TREATMENT
plots the response associated with the second treatment against the response associated with
the first treatment. For more information, see the section ‘“Treatment Agreement Plots for
Crossover Designs” on page 10157.

By default, TYPE=TREATMENT for crossover designs.

BOX

BOXPLOT
requests a box plot or comparative box plots. A box plot is produced by default for crossover
designs. For other designs, a box plot appears by default if you specify the SUMMARY or ALL
plot-request.
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For one-sample and paired designs, a confidence interval for the mean is shown as a band in the
background, along with the equivalence bounds if the TOST option is used in the PROC TTEST
statement.

For a two-independent-sample design, comparative box plots (one for each class) are shown. For
a crossover design, comparative box plots for all four combinations of the two treatments and
two periods are shown.

For more information, see the section “Box Plots” on page 10158.

HISTOGRAM
HIST

HISTDENS
requests a histogram or comparative histograms along with overlaid normal and kernel densities.
A histogram is produced by default for crossover designs. For other designs, it appears by default
if you specify the SUMMARY or ALL plot-request.

For one-sample and paired designs, the histogram and densities are based on the test criterion
(which is the mean difference or ratio for a paired design). For a two-independent-sample design,
comparative histograms (one for each class) are shown. For a crossover design, histograms for
all four combinations of the two treatments and two periods are shown.

For more information, see the section “Histograms” on page 10158.

INTERVAL < TYPE=type>

INTERVALPLOT < TYPE=type >
requests plots of confidence interval for means.

For a two-independent-sample design, you can specify one of the following options:

TYPE=PERGROUP
shows two separate two-sided confidence intervals, one for each class. This option cannot
be used along with the SHOWHO global plot option.

TYPE=TEST
shows pooled and Satterthwaite confidence intervals.

By default, TYPE=TEST for two-independent-sample designs.

For a crossover design, you can specify the following options:

TYPE=PERGROUP
shows four separate two-sided intervals, one for each treatment-by-period combination. This
option cannot be used along with the SHOWHO global plot option.

TYPE=PERIOD
shows pooled and Satterthwaite confidence intervals for the period difference or ratio. This
option is invalid if the IGNOREPERIOD option is used in the VAR statement.

TYPE=TREATMENT
shows pooled and Satterthwaite confidence intervals for the treatment difference or ratio.

By default, TYPE=TREATMENT for crossover designs.

For more information, see the section “Confidence Intervals” on page 10158.
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NONE

suppresses all plots.

PROFILES < TYPE={ype >
PROFILESPLOT < TYPE={ype >

requests a profiles plot. This plot is produced by default for paired and crossover designs, the
only designs for which the PROFILES option is valid.

For paired designs, a line is drawn for each observation from left to right connecting the first
response to the second response. For more information, see the section “Profiles for Paired
Designs” on page 10158.

For crossover designs, you can specify one of the following options:

TYPE=PERIOD
shows response profiles over period, connecting the first period on the left to the second
period on the right for each subject. For more information, see the section ‘“Profiles over
Period for Crossover Designs” on page 10158.

TYPE=TREATMENT
shows response profiles over treatment values, connecting the first treatment on the left to
the second treatment on the right for each observation. For more information, see the section
“Profiles over Treatment for Crossover Designs” on page 10159.

By default, TYPE=TREATMENT for crossover designs.

QaQ

QQPLOT
requests a normal quantile-quantile (Q-Q) plot. This plot is produced by default for all designs.
For two-sample designs, separate plots are shown for each class in a single panel. For crossover
design, separate plots are shown for each treatment-by-period combination in a single panel.
For more information, see the section “Q-Q Plots” on page 10159.

SUMMARY < UNPACK >

SUMMARYPLOT < UNPACK >

requests HISTOGRAM and BOX plots together in a single panel, sharing common X axes.
These plots are produced by default for one-sample, paired, and two-independent-sample designs,
the only designs for which the SUMMARY option is valid. For more information, see the
documentation for the BOX and HISTOGRAM plot-requests. You can specify the following
option:

UNPACK
plots histograms along with overlaid densities in one panel and box plots (along with
confidence interval bands, if one-sample or paired design) in another. Note that
specifying PLOTS(ONLY)=SUMMARY (UNPACK) is exactly the same as specifying
PLOTS(ONLY)=(BOX HISTOGRAM).
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SIDES=2 |L |U

SIDED=2 |L | U

SIDE=2 |L|U
specifies the number of sides (or tails) and direction of the statistical tests and test-based confidence
intervals. The values are interpreted as follows:

2 specifies two-sided tests and confidence intervals.

L specifies lower one-sided tests (in which the alternative hypothesis indicates a parameter
value less than the null value) and lower one-sided confidence intervals between minus
infinity and the upper confidence limit.

U specifies upper one-sided tests (in which the alternative hypothesis indicates a parameter
value greater than the null value) and upper one-sided confidence intervals between the
lower confidence limit and infinity.

By default, SIDES=2.

TEST=DIFF | RATIO
specifies the test criterion. This option is ignored for one-sample designs. You can specify the following

values:
DIFF tests the difference of means.
RATIO tests the ratio of means.

By default, TEST=DIFF, unless DIST=ELOGNORMAL is specified, in which case the default is
TEST=RATIO.

TOST ( < lower ,> upper)
requests Schuirmann’s TOST equivalence test. The upper equivalence bound must be specified. If
TEST=DIFF, then the default value for the lower equivalence bound is 2m—upper, where m is the
value of the HO= option. If TEST=RATIO, then the default value for lower is m / upper.

BOOTSTRAP Statement
BOOTSTRAP </ options> ;
The BOOTSTRAP statement requests bootstrap standard error, bias estimates, and confidence intervals.

These bootstrap statistics are currently available only for one-sample, paired, and two-sample designs and
only for analyses that assume normal data—although the bootstrap methods themselves do not necessarily
assume normality. These bootstrap methods involve either means and standard deviations or differences of
means and standard deviations. Bootstrap results are unavailable if you specify any of the TEST=RATIO,
DIST=LOGNORMAL, or TOST options in the PROC TTEST statement; if you specify the CROSSOVER=
option in the VAR statement; or if you specify either of the FREQ or WEIGHT statements. They are also
unavailable if your input data set contains summary statistics rather than raw observed values.
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Summary of Options

Table 122.4 summarizes the options available in the BOOTSTRAP statement.

Table 122.4 Summary of Options in BOOTSTRAP Statement

Option Description

BOOTCI Produces bootstrap confidence intervals for the mean and variability parameter estimates
NSAMPLES= Specifies the number of bootstrap sample data sets (replicates)

SEED= Provides the seed that initializes the random number stream

Dictionary of Options

BOOTCI <(BC | BOOTT | EXPANDEDPERC | NORMAL | PERCENTILE | TBOOTSE) >
produces bootstrap-based confidence intervals. You can request the following types of bootstrap
confidence interval:

BC produces bias-corrected percentile intervals.

BOOTT produces bootstrap ¢ intervals, which use a traditional standard error estimate and
quantiles of the bootstrap distribution of the ¢ statistic.

EXPANDEDPERC produces percentile-based confidence intervals that include a narrowness bias
adjustment.

NORMAL produces normal-based confidence intervals that use the bootstrap standard error
estimate.

PERCENTILE  produces percentile-based confidence intervals.

TBOOTSE produces t-based confidence intervals that use the bootstrap standard error estimate.

The default option is BOOTCI(BC).

Table 122.5 shows which analysis parameters are supported for each type of bootstrap confidence
interval. A bullet enclosed in parentheses indicates that the confidence limits are the same as for the
other method for the same parameter.

Table 122.5 Parameters That Are Supported for Each Type of
Bootstrap Confidence Interval in the BOOTSTRAP
Statement

| BOOTCI Type

Design Parameter Method BC | BOOTT | EXPERC | NORMAL | PERC | TBOOTSE

One-sample | Mean ° ° ° °

Std Dev (1-2)

Std Dev (1-2)

[ J
[}
Paired Mean (1-2) ° ° ° °
[}
[}

Two-sample | Mean (1-2) Pooled

Mean (1-2) Satterthwaite | (e) . ° (o) (o) °
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Table 122.5 continued

| BOOTCI Type
Design Parameter Method BC | BOOTT | EXPERC | NORMAL | PERC | TBOOTSE
Std Dev (1-2) | Pooled ° °
Std Dev (1-2) | Satterthwaite | e °

All six types include confidence intervals for the mean parameter estimate on which the usual hypothesis
test is based, for example, the mean for a one-sample design or the mean difference for a paired or
two-sample design. For BOOTCI(BC) and BOOTCI(PERCENTILE), confidence intervals based on
the variability parameter estimate are also produced; these are based on the variability parameter
estimate that is used to compute the standard error of the usual hypothesis test for the mean parameter,
for example, the standard deviation for a one-sample design or the standard deviation of the difference
for a paired or two-sample design.

The ALPHA= and SIDES= options in the PROC TTEST statement set the direction and level of
significance that is used in constructing the bootstrap confidence intervals.

For more information about the bootstrap confidence intervals supported by PROC TTEST, see the
section “Bootstrap Confidence Intervals” on page 10148.

NSAMPLES=n

specifies the number of bootstrap sample data sets (replicates). The value must be greater than 1. By
default, NSAMPLES=10000.

SEED=n

provides the seed that initializes the random number stream for generating the bootstrap sample data
sets (replicates). If you do not specify the SEED= value, or if you specify a value less than or equal to
0, the seed is generated from reading the time of day from the computer’s clock.

BY Statement

BY variables ;

You can specify a BY statement with PROC TTEST to obtain separate analyses of observations in groups
that are defined by the BY variables. When a BY statement appears, the procedure expects the input data
set to be sorted in order of the BY variables. If you specify more than one BY statement, only the last one
specified is used.

If your input data set is not sorted in ascending order, use one of the following alternatives:

e Sort the data by using the SORT procedure with a similar BY statement.

e Specify the NOTSORTED or DESCENDING option in the BY statement for the TTEST procedure.

The NOTSORTED option does not mean that the data are unsorted but rather that the data are arranged
in groups (according to values of the BY variables) and that these groups are not necessarily in
alphabetical or increasing numeric order.

e Create an index on the BY variables by using the DATASETS procedure (in Base SAS software).
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For more information about BY-group processing, see the discussion in SAS Language Reference: Concepts.
For more information about the DATASETS procedure, see the discussion in the SAS Visual Data Management
and Utility Procedures Guide.

CLASS Statement
CLASS variable ;

A CLASS statement giving the name of the classification (or grouping) variable must accompany the PROC
TTEST statement in the two-independent-sample case. It should be omitted for the one-sample, paired, and
AB/BA crossover designs. If it is used without the VAR statement, all numeric variables in the input data set
(except those that appear in the CLASS, BY, FREQ, or WEIGHT statement) are included in the analysis.

The classification variable must have two, and only two, levels. PROC TTEST divides the observations into
the two groups for the 7 test by using the levels of this variable. You can use either a numeric or a character
variable in the CLASS statement.

Classification levels are determined from the formatted values of the CLASS variable. Thus, you can use
formats to define group levels. For more information, see the discussions of the FORMAT procedure, the
FORMAT statement, formats, and informats in SAS Formats and Informats: Reference.

FREQ Statement
FREQ variable ;

The variable in the FREQ statement identifies a variable that contains the frequency of occurrence of each
observation. PROC TTEST treats each observation as if it appears n times, where n is the value of the FREQ
variable for the observation. If the value is not an integer, only the integer portion is used. If the frequency
value is less than 1 or is missing, the observation is not used in the analysis. When the FREQ statement is not
specified, each observation is assigned a frequency of 1. The FREQ statement cannot be used if the DATA=
data set contains statistics instead of the original observations.

PAIRED Statement
PAIRED pair-lists ;

The pair-lists in the PAIRED statement identifies the variables to be compared in paired comparisons. You
can use one or more pair-lists. Variables or lists of variables are separated by an asterisk (*) or a colon (:).
The asterisk requests that each variable on the left be compared with each variable on the right. The colon
requests that the first variable on the left be compared with the first on the right, the second on the left with
the second on the right, and so on. The number of variables on the left must equal the number on the right
when the colon is used. The differences are calculated by taking the variable on the left minus the variable on
the right for both the asterisk and colon. A pair that is formed by a variable with itself is ignored. Use the
PAIRED statement only for paired comparisons. The CLASS and VAR statements cannot be used with the
PAIRED statement.

Examples of the use of the asterisk and the colon are shown in Table 122.6.
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Table 122.6 PAIRED Statement in the TTEST Procedure

These PAIRED Statements  Yield These Comparisons

PAIRED AxB; A-B

PAIRED AxB C*D; A-B and C-D

PAIRED (A B)*(C D); A-C, A-D, B-C, and B-D
PAIRED (A B)=*(C B); A-C, A-B, and B-C

PAIRED (Al1-A2)=x(B1-B2); Al-Bl, A1-B2, A2-B1, and A2-B2

PAIRED (Al1-A2): (B1-B2); Al-Bl and A2-B2

VAR Statement
VAR variables </ options > ;

The VAR statement names the variables to be used in the analyses. One-sample comparisons are conducted
when the VAR statement is used without the CROSSOVER= option or CLASS statement. Two-independent-
sample comparisons are conducted when the VAR statement is used with a CLASS statement.

An AB/BA crossover analysis is conducted when the CROSSOVER= option is used in the VAR statement. In
this case, you must specify an even number of variables. Each set of two variables represents the responses in
the first and second periods of the AB/BA crossover design. For example, if you use the CROSSOVER=
option and specify VAR x1 x2 x3 x4, then you will get two analyses. One analysis will have x1 as the
period 1 response and x2 as the period 2 response. The other analysis will have x3 as the period 1 response
and x4 as the period 2 response.

The VAR statement cannot be used with the PAIRED statement. If the VAR statement is omitted, all numeric
variables in the input data set (except a numeric variable that appears in the BY, CLASS, FREQ, or WEIGHT
statement) are included in the analysis.

You can specify the following options after a slash (/):

CROSSOVER= ( variable1 variable2')
specifies the variables that represent the treatment applied in each of the two periods in an AB/BA
crossover design. The treatment variables must have two, and only two, levels. For any particular
observation, the levels for the two variables must be different, due to the restrictions of the AB/BA
crossover design. You can use either numeric or character variables.

Treatment levels are determined from the formatted values of the variables. Thus, you can use formats
to define the treatment levels. For more information, see the discussions of the FORMAT procedure,
the FORMAT statement, formats, and informats in SAS Formats and Informats: Reference.

IGNOREPERIOD
ignores the period effect—that is, the period effect is assumed to be equal to 0 (if TEST=DIFF) or
1 (if TEST=RATIO). This assumption increases the degrees of freedom for the test of the treatment
difference by 1 and is usually more powerful, but it risks incorrect results if there is actually a period
effect.
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WEIGHT Statement
WEIGHT variable ;

The WEIGHT statement weights each observation in the input data set by the value of the variable. The
values of the variable can be nonintegral, and they are not truncated. Observations that have negative, zero,
or missing values for the variable are not used in the analyses. Each observation is assigned a weight of 1
when the WEIGHT statement is not used. The WEIGHT statement cannot be used with an input data set of
summary statistics.

Details: TTEST Procedure

Input Data Set of Statistics

PROC TTEST accepts data containing either observation values or summary statistics. Observation values
are supported for all analyses, whereas summary statistics are supported only for a subset of analyses. If the
analysis involves the paired design, the AB/BA crossover design, or the lognormal distributional assumption
(DIST=ELOGNORMAL), then observation values must be used. The graphical results are unavailable if your
input data set contains summary statistics rather than raw observed values.

PROC TTEST assumes that the DATA= data set contains statistics if it contains a character variable with
name _TYPE_ or _STAT_. The TTEST procedure expects this character variable to contain the names of
statistics. If both _TYPE_ and _STAT_ variables exist and are of type character, PROC TTEST expects
_TYPE_ to contain the names of statistics including ‘N’, ‘MEAN’, and ‘STD’ for each BY group (or for
each class within each BY group for two-sample ¢ tests). If no ‘N°, ‘MEAN’, or ‘STD’ statistics exist, an
error message is printed.

FREQ, WEIGHT, and PAIRED statements cannot be used with input data sets of statistics. BY, CLASS,
and VAR statements are the same regardless of data set type. For paired comparisons, see the _DIF_ values
for the _TYPE_=T observations in output produced by the OUTSTATS= option in the PROC COMPARE
statement (see the SAS Visual Data Management and Utility Procedures Guide).

Missing Values

An observation is omitted from the calculations if it has a missing value for either the CLASS variable, a
CROSSOVER-= variable, a PAIRED variable, the variable to be tested (in a one-sample or two-independent-
sample design), or either of the two response variables (in a crossover design). If more than one variable or
pair of variables is listed in the VAR statement, a missing value in one variable or pair does not eliminate the
observation from the analysis of other nonmissing variables or variable pairs.
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Computational Methods

This section describes the computational formulas for the estimates, confidence limits, and tests for each
analysis in the TTEST procedure. The first subsection defines some common notation. The second subsection
discusses the distinction between arithmetic and geometric means. The third subsection explains the concept
of the coefficient of variation. The next four subsections address the four supported designs (one-sample,
paired, two-independent-sample, and AB/BA crossover). The content in each of those subsections is divided
into separate discussions according to different values of the DIST= and TEST= options in the PROC TTEST
statement. The next-to-last subsection describes TOST equivalence analyses. The last subsection discusses
bootstrap methods.

Common Notation

Table 122.7 displays notation for some of the commonly used symbols.

Table 122.7 Common Notation

Symbol Description

u Population value of (arithmetic) mean

Lo Null value of test (value of HO= option in PROC TTEST statement)
o? Population variance

Population value of standard deviation

Population value of geometric mean

CvV Population value of coefficient of variation (ratio of population
standard deviation and population arithmetic mean)

o Value of ALPHA= option in PROC TTEST statement

Ipv pth percentile of ¢ distribution with v degrees of freedom (df)

Fpviv pth percentile of F* distribution with v; numerator df and v, de-
nominator df

)(120,,, pth percentile of chi-square distribution with v df

Arithmetic and Geometric Means

The arithmetic mean (more commonly called simply the mean) of the distribution of a random variable X is
its expected value, £ (X ). The arithmetic mean is the natural parameter of interest for a normal distribution
because the distribution of the difference of normal random variables has a known normal distribution, and
the arithmetic mean of a normal difference is equal to the difference of the individual arithmetic means. (No
such convenient property holds for geometri