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Preface

This.book.discusses.various.statistical.methods.aimed.at.a.diverse.audience..
A broad.spectrum.of.methods. is.given. that.will.be.useful. for. researchers.
without. much. statistical. background.. Omitting. mathematical. details. and.
complicated.formulae,.SAS.programs.are.provided.to.carry.out.the.necessary.
analyses.and.draw.appropriate. inferences. for. statistical.problems. that.are.
widely. used. by. most. researchers.. Similar. types. of. programs. can. be. used.
with. other. statistical. packages,. drawing. similar. conclusions.. The. book.
emphasizes.the.different,.commonly.used.methodologies.and.interpretation.
of.the.data.using.SAS.version.9.1.

Practical Statistical Methods: A SAS Programming Approach. will. assist.
researchers.in.all.fields,.including.those.in.the.pharmaceutical.industry,.the.
biological.sciences,.physical.sciences,.social.sciences,.market.research,.and.
psychology..Additionally,.it.will.be.a.reference.book.for.applied.statisticians.
working.with.researchers.in.the.fields.indicated.above..It.will.also.be.helpful.
as.supplemental.reading.material.for.graduate.students.taking.a.statistical.
methods.course.for.one.or.two.semesters.

Fundamental. statistical. concepts. are. introduced. in. Chapter. 1. and. the.
methods.used.for.quantitative.data,.continuous.data.following.normal.and.
nonnormal.distributions,.are.discussed.in.Chapters.2.through.4..Regression.
methodology.starting.with.simple.linear.regression.and.discussing.logistic.
regression.and.PH.regression.are.highlighted.in.Chapter.5..Chapter.6.briefly.
sketches.miscellaneous.topics.such.as.propensity.scores,.cutoff.points.of.a.
marker. indicating. the.end.point,.misclassification.errors,. interim.analysis,.
conditional.power,.bootstrap.and.jackknife,.among.others.

Lakshmi	V.	Padgett
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1
Introduction

1.1	 Types	of	Data

Data. play. a. crucial. part. in. statistical. inference.. The. type. of. data. one. has,.
determines.the.type.of.statistical.analysis.needed..The.methods.of.analyses.
performed.on.one.type.of.data.may.not.necessarily.be.applicable.for.other.
types.of.data..Further,.one.needs.to.have.clean.data,.one.without.any.outliers.
(observations.that.do.not.follow.the.pattern.of.the.bulk.of.the.data).and.holes.
(chunks.of.missing.observations).

There.are.qualitative.and.quantitative.types.of.data.
Qualitative.data.include.variables.such.as.a.persons’.eye.color,.income.level.

(low,. middle,. high),. winning. a. medal. (gold,. silver,. bronze),. an. individual.
having.a.particular.disease.or.not,.and.age.(<21,.21–35,.36–55,.>55)..Qualitative.
data.consist.of.nominal data.and.ordinal data..Nominal.data.have.no.particular.
ordering.like.an.individuals’.eyecolor,.brands.of.soft.drinks,.and.brands.of.
laptops..Ordinal.data.can.be.ranked.by.category.such.as.income.level,.win-
ning.a.medal,.movie.ratings,.and.students’.letter.grades.in.a.course.

Data. that. can. be. measured. or. things. that. can. be. counted. include. age,.
weight,.leaves.on.a.tree,.and.the.number.of.cars.in.a.household..These.types.
of.data.are.called.quantitative.data..Quantitative.data.can.be.discrete.or.con-
tinuous.. Usually. all. measuring. variables. are. continuous. and. all. counting.
variables. are. discrete,. with. the. exception. of. monetary. variable. which. is.
treated.as.continuous..Discrete.variables.include.the.number.of.children.in.a.
family,.the.number.of.deaths.due.to.a.disease.at.a.given.time,.the.number.of.
leaves.on.a.tree,.and.the.number.of.cars.in.a.household..Age,.weight,.height,.
cholesterol.level,.serum.glucose,.and.blood.pressure.are.examples.of.contin-
uous.variables..Depending.on.the.precision.one.wants,.the.continuous.vari-
ables.such.as.weight.can.be.125.lbs.or.125.1.lbs..The.data.for.the.continuous.
variables.may.look.like.discrete.variables.

Continuous.data.can.be.converted.to.ordinal.data.based.on.the.question.
one.is.trying.to.address..Thus,.the.age.of.an.individual.can.be.given.in.years,.
or. it.can.be.expressed.categorically.as.a.child.(<13.years),. teenager.[13–18),.
adult. [18–55),. or. senior. citizen. (≥55. years). depending. on. whether. one. is.
.interested.in.trying.to.address.the.average.age.of.people.in.a.community.or.
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the.proportion.of.teenagers.in.a.community..The.“[”.means.inclusive.of.that.
particular.observation.and.“)”.means.exclusive.of.that.observation.

1.2	 Descriptive	Statistics/Data	Summaries

Consider.the.age.of.50.people.who.entered.a.clinical.trial..We.want.to.sum-
marize. these. age. groups. by. providing. quantities. that. express. the. nature.
of the.data..These.quantities.that.represent.the.data.are.called.descriptive.or.
summary statistics.

All.of.the.summary.statistics.can.be.obtained.using.PROC.UNIVARIATE.
in.SAS.as.follows:

Data a;
/***Input data***/
Input Age @@; Cards;
45 55 67 89 78 67 56 43 44 45 57 69 78 76 54 34 23
46 67 65 54 98 78 67 58 49 53 42 74 97 43 45 46 47
48 59 70 89 78 76 65 34 45 36 67 45 47 75 64 61
;
/***end of input data***/
proc univariate; var age;run;

The.first.part.of.the.output.which.will.be.used.to.explain.the.descriptive.
statistics.is

The UNIVARIATE Procedure
Variable: Age

Moments
N 50 Sum weights 50
Mean 59.36 (a1) Sum observations 2968
Std deviation 16.8713741 (a6) Variance 284.643265
Skewness 0.32002628 Kurtosis −0.3227663
Uncorrected SS 190128 Corrected SS 13947.52
Coeff. variation 28.4221262 (a7) Std error mean 2.38597261

Basic Statistical Measures
Location Variability

Mean 59.36000 Std deviation 16.87137
Median 57.50000 (a2) Variance 284.64327
Mode 45.00000 (a3) Range 75.00000 (a9)

Interquartile range 25.00000 (a8)

Note:.The.mode.displayed.is.the.smallest.of.two.modes.with.a.count.of.5.
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***
Quantile Estimate
100% Max 98.0
99% 98.0
95% 89.0
90% 78.0
75% Q3 70.0 (a5)
50% Median 57.5
25% Q1 45.0 (a4)
10% 42.5
5% 34.0
1% 23.0
0% Min 23.0

The.commonly.used.descriptive.statistics.are.mean,.median,.mode,.Q1,.Q3,.
standard. deviation,. and. the. coefficient. of. variation.. These. statistics. are.
described.below:

Mean.is.the.average.of.the.data,.and.from.our.output.(a1).is.59.36..If.the.data.
have.two.categories,.one.of. them.coded.as.“1”.and.the.other.“0,”. then.the.
mean.is.the.proportion.of.the.category.coded.as.“1.”

Approximately.50%.of.the.observations.are.not.more.than.the.median,.and.
approximately.50%.of.the.observations.are.not.less.than.the.median..From.
the.output,.(a2).represents.the.median.and.is.57.5..If.the.mean.and.median.
are. close,. the. mean. is. used. as. a. central. tendency. measure. of. the. data..
However,.if.the.mean.and.median.are.farther.apart,.then.the.median.is.used.
as.the.focal.point.of.the.data.

Mode. is.that.observation.that.is.repeated.the.most..From.the.output,.(a3).
represents. the.mode.and.is.45.0..Sometimes.you.may.have.more.than.one.
mode..In.SAS,.the.smallest.of.the.modes.is.reported.

Approximately.25%.of.the.observations.are.less.than.or.equal.to.Q1,.the.
lower quartile,.and.approximately.75%.of.the.observations.are.greater.than.or.
equal.to.Q1..From.the.output,.(a4).represents.the.lower.quartile.and.is.45.0.

Approximately.75%.of.the.observations.are.less.than.or.equal.to.Q3,.the.
upper quartile,.and.approximately.25%.of.the.observations.are.greater.than.or.
equal.to.Q3..From.the.output,.(a5).represents.the.upper.quartile.and.is.70.0.

The.spread.of.the.data.from.the.mean.is.indicated.by.the.standard deviation..
It.is.16.87.and.is.shown.by.(a6).in.our.output..The.standard.deviation.is.always.
nonnegative..If.the.standard.deviation.is.small,.the.data.are.clustered.near.
the.mean.and.if.the.standard.deviation.is.large,.the.data.are.widely.spread.
out.from.the.mean..The.square.of.the.standard.deviation.is.the.variance.and.
is.given.in.the.output.

The.mean.and.standard.deviation.are.given.in.the.same.units.of.measure-
ment.as.the.data..If.data.are.collected.in.different.scales.or.sources,.the.coef-
ficient of variation.provides.a.unit-free.measure.of.the.spread.of.the.data..In.a.
group. of. people. with. mean. annual. income. of. $20,000,. a. person. with. an.
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annual.income.of.$21,000.is.considered.rich,.whereas.in.a.group.of..individuals.
with.an.annual.income.of.$100,000,.a.person.making.$101,000.is.not.consid-
ered.rich,.although.the.squared.deviations.of.the.individuals.from.the.group.
means. are. the. same.. Thus,. if. two. groups.of.data. have. the. same.standard.
deviation. with. different. means,. the. variability. will. have. practical. impor-
tance.if.it.is.considered.in.terms.of.the.mean,.and.the.coefficient.of.variation.
takes.that.aspect.into.consideration.and.is.a.better.measure.to.compare.the.
variabilities.of.groups.of.data..While.comparing.the.variability.of.two.vari-
ables.expressed.in.different.units.of.measurement,.the.coefficient.of.varia-
tion.is.also.an.appropriate.measure..From.the.output,.(a7).is.the.coefficient.of.
variation.and.is.28.4.

The.interquartile range.for.the.data.from.the.output.at.(a8).is.25.and.this.is.
Q3–Q1..Approximately.50%.of.the.data.is.separated.by.25.units.starting.at.
Q1.=.45.and.ending.at.Q3.=.70..Some.researchers. indicate. the. interquartile.
range.as.(45,.70).

The.range.for.the.data.from.the.output.at.(a9).is.75.and.this.is.the.difference.
between.the.maximum.of.all.the.observations.and.the.minimum.of.all.the.
observations..Some.researchers.indicate.the.range.as.(23,.98).

For.further.details,.see.Raghavarao.(1988).

1.3	 Graphical	and	Tabular	Representation

Data.can.either.be.presented. in.a. tabular. form.or.can.be.plotted.and.dis-
played.graphically..Figures.sometimes.help.to.get.a.clearer.and.a.more.con-
cise.picture.of.what.the.data.represent..However,.one.needs.to.find.a.balance.
between.figures.and.tabular.forms.of.data.representation.

There.are.many.statistical.packages.that.graph.the.data,.including.but.not.
limited.to.SAS,.S-Plus,.JMP,.and.Minitab..Some.packages.have.better.graphi-
cal.qualities,.whereas.others.are.more.user-friendly..It.is.not.in.the.scope.of.
this.book.to.evaluate.these.packages..Some.of.the.common.types.of.graphical.
displays.include.stem-and-leaf.plots,.histograms,.bar.charts,.pie.charts,.line.
plots,.box.plots,.scatter.plots,.and.Kaplan–Meier.(KM).curves..We.will.now.
describe.them.

Stem-and-Leaf Plot. is. similar. to. the.histogram..The.advantage.of.using.a.
stem-and-leaf.plot.is.that.we.know.the.individual.data.points.up.to.the.indi-
cated.units.in.the.stem-and-leaf.plot,.whereas.in.the.histogram.we.only.know.
the.class.the.observation.falls.into,.but.not.the.individual.value..Tukey.(1977)
also.provided.other.graphical.representations..Let.us.consider.the.age.of.the.
50.people.in.a.clinical.trial.discussed.in.Section.1.2.

Figure.1.1.depicts.the.stem-and-leaf.plot.
The.leaf.is.the.unit.value.of.the.age.and.the.stem.is.the.tens.of.the.age..Leaf.9.

at.stem.4.corresponds.to.observation.49..The.counts.of.leaves.from.the.top.
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and.bottom.are.shown.on.the.left.side..The.median.observation.is.in.the.stem.
where.the.count.is.shown.within.parentheses.

The.histogram.shown.in.Figure.1.2.is.similar.to.the.stem-and-leaf.plot.except.
that.the.information.is.condensed..The.boxes.are.obtained.by.dividing.the.
range.of.a.numerically.continuous.variable,. categorizing. into.several.non-
overlapping.classes.with.no.gaps.and.the.classes.may.or.may.not.be.of.equal.

Age (Leaf unit = 1)

Stem Leaf 

3

4 4 6

2 3 3 4 5 5 5 5 5 6 6 7 7 8 9

3 4 4 5 6 7 8 9 

1 4 5 5 7 7  7  7  7 9

0 4 5 6 6 8 8 8 8

9 9 

1 2

4 3

19 4

(8) 5 

23 6

13 7

4 8 

2 9 7 8

FIGURE 1.1
Stem-and-leaf.plot.for.age.
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FIGURE 1.2
Histogram.for.age.
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length.. The. area. of. the. bar. indicates. the. frequency. in. the. corresponding.
class.. In. Figure. 1.2,. we. form. the. classes. [20,. 30),. [30–40),. [40–50),. [50–60),..
[60–70),.[70–80),.[80,.90),.and.[90,.100).

The.bar chart.is.similar.to.a.histogram,.where.the.bars.are.separated.from.
each.other..In.a.histogram,.all.the.bars.are.joined.together.indicating.that.the.
data.are.continuous,.whereas.in.a.bar.chart,.each.bar.stands.separate,.indi-
cating.that.the.data.are.discrete.or.qualitative..Qualitative.or.discrete.data.
may.be.shown.by.the.bars.with.the.frequency.indicating.the.bar.height..The.
average.temperature.for.the.12.months.in.a.year.in.a.city.is.shown.by.a.bar.
diagram.in.Figure.1.3.

Figure.1.3.shows.how.temperatures.in.different.months.fluctuate.and.indi-
cate.the.hottest.and.coldest.months.in.the.city.

Suppose.one.wants.to.compare.the.monthly.temperatures.in.four.cities.for.
the.first.3.months.of.a.year..It.can.be.graphically.depicted.by.multiple.bars.as.
shown.in.Figure.1.4.

A.pie chart.is.commonly.used.to.represent.frequency.type.of.data.on.a.cat-
egorical.variable..Classes.are.mutually.exclusive..Figure.1.5.represents.a.pie.
diagram.of.the.percentage.of.hospitals.that.treated.a.given.number.of.patients.
in.an.emergency.room.in.an.average.week.

A.pie.chart.can.also.be.used.to.indicate.the.percentage.of.salary.spent.on.
housing,. food,.clothing,.entertainment,.and.savings.of.a. typical.American.
family.

In.the.longitudinal.data.graph,.the.values.(.y-axis).are.plotted.across.time.
(x-axis)..A.line plot.is.a.graph.joining.all.the.points.by.lines..They.can.be.plot-
ted.in.a.single.graph.for.continuous.data.across.time.for.different.groups.of.
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FIGURE 1.3
Bar.chart.of.average.temperature.for.a.city.
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interest..They.can.also.be.used.to.plot.the.mean.or.median.temperature.in.a.
city.by.month.as.shown.in.Figure.1.6.

One.can.visualize.the.box plot given.in.Figure.1.7.as.an.extension.of.a.histo-
gram.containing.some.summary.statistics..It.is.also.useful.to.detect.outliers..
The.line.in.the.middle.of.the.box.represents.the.median.value.and.the.dot.
represents.the.mean.value..The.first.and.third.quartiles.are.the.ends.of.the.
box.. The. lines. at. the. end. are. the. whiskers. indicating. the. minimum. and.
.maximum.observation..Potential.outlier.points.can.be.indicated.on.the.graph..
For.this.purpose,.we.form.inner.fences.Q1.–.1.5.(IQR),.Q3.+.1.5.(IQR);.and.outer.
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FIGURE 1.4
Bar.chart.of.average.temperature.in.the.first.3.months.for.four.cities.
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FIGURE 1.5
Pie.chart.of.percentage.of.hospitals.that.treated.a.given.number.of.patients.
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fences. Q1.–.3. (IQR),. Q3.+.3. (IQR),. where. IQR. is. the. interquartile. range..
Observations. between. inner. and. outer. fences. are. considered. as. possible.
.outliers.and.beyond.outer.fences.are.definite.outliers.

The.scatter plot.is.used.to.observe.an.association.between.two.continuous.
variables.such.as.height.and.weight.(see.Figure.1.8)..The.closer.the.points.are.
near. a. straight. line,. the. more. correlated. are. the. variables.. However,.
.spread-.out-points.across.the.plane.indicate.less.correlation.of.the.variables..
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FIGURE 1.6
Line.plot.of.average.temperature.in.a.city.
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FIGURE 1.7
Box.plot.for.age.
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By.looking.at.the.scatter.plot.one.detects.outliers..It.can.also.help.in.modeling.
the.dependent.variable.on.the.y-axis.in.terms.of.the.independent.variable.on.
the.x-axis.

The.KM curve.is.a.step.function.indicating.the.chance.of.survival.at.differ-
ent.time.points.(see.Figure.1.9)..This.is.based.on.the.data.showing.the.time.of.
an.event.like.death..This.is.also.used.when.the.exact.time.of.the.event.is.not.
recorded,.but.is.known.that.it.exceeds.some.censored.value.
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FIGURE 1.8
Scatter.plot.of.height.versus.weight.
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FIGURE 1.9
Survival.function.
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The.histogram.is.a.graphical.representation.of.a.frequency.table..For.the.
histogram.chart.displayed.in.Figure.1.2.one.can.use.PROC.FREQ.in.SAS.and.
get.the.frequency.table.as.follows:

data b;set a;
*Use age data from Sec 1.2; *Categories are defined by the 
researcher;
if 20 < = age < 30 then AGECAT = '[20,30)';
else if 30 < = age < 40 then AGECAT = '[30,40)';
else if 40 < = age < 50 then AGECAT = '[40,50)';
else if 50 < = age < 60 then AGECAT = '[50,60)';
else if 60 < = age < 70 then AGECAT = '[60,70)';
else if 70 < = age < 80 then AGECAT = '[70,80)';
else if 80 < = age < 90 then AGECAT = '[80,90)';
else if 90 < = age < 100 then AGECAT = '[90,100)';
proc freq;tables agecat;run;

The.SAS.provides.the.frequency.for.the.histogram.categories.in.the.follow-
ing.output:

The FREQ Procedure
Cumulative Cumulative

AGECAT Frequency Percent Frequency Percent
––––––––––––––––––––––––––––––––––––––––––––––––––––------––––
[20,30) 1 2.00 1 2.00
[30,40) 3 6.00 4 8.00
[40,50) 15 30.00 19 38.00
[50,60) 8 16.00 27 54.00
[60,70) 10 20.00 37 74.00
[70,80) 9 18.00 46 92.00
[80,90) 2 4.00 48 96.00
[90,100) 2 4.00 50 100.00

From. this. output. we. see. the. range. of. categories. in. column. 1. and. the.
.frequency. in. column. 2.. The. percentage. of. observations. in. each. category.
is  shown. in. column. 3.. Cumulative. frequency. given. in. column. 4. is. the.
total  frequency.upto.and.including.that.category..Cumulative.percentage.
given.in.column.5.is.the.cumulative.frequency.expressed.as.the.percentage.
of.the.total.number.of.observations..For.example,.in.the.[60,.70).age.cate-
gory,.10. in.column.2. indicates. that.10. individuals.are.aged.60.and.above.
and.less.than.70;.this.number.is.20%.of.the.group.and.is.shown.by.20.in.
column.3..The.number.37.in.column.4.of.this.row.indicates.that.37.people.
are.aged.less.than.70,.and.this.number.is.74%.of.the.group.and.is.shown.by.
74.in.column.5.

When.two.variables.are.involved,.we.form.a.contingency table.(cross.tabula-
tion).. If. age. and. systolic. blood. pressure. are. measured. for. 50. people,. the.
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.following.contingency.table.summarizes.the.information.by.using.a.similar.
modified.command.as.earlier:

Data a;
/***Input data***/
Input age syst @@; cards;
45 100 55 125 67 155 89 145 78 187 67 167
56 163 43 158 44 148 45 157 57 169 69 147
78 178 76 156 54 135 34 167 23 124 46 165
67 147 65 148 54 138 98 144 78 136 67 188
58 168 49 148 53 148 42 158 74 144 97 149
43 137 45 128 46 159 47 157 48 147 59 136
70 135 89 167 78 135 76 164 65 132 34 173
45 145 36 156 67 125 45 156 47 145 75 164
64 183 61 128
;
/***end of input data***/
data b;set a;
if syst < 145 then SYSTD = 'SYST < 145';
else if syst > = 145 then SYSTD = 'SYST >=  145';
if 20 < = age < 30 then AGECAT = '[20,30)';
else if 30 < = age < 40 then AGECAT = '[30,40)';
else if 40 < = age < 50 then AGECAT = '[40,50)';
else if 50 < = age < 60 then AGECAT = '[50,60)';
else if 60 < = age < 70 then AGECAT = '[60,70)';
else if 70 < = age < 80 then AGECAT = '[70,80)';
else if 80 < = age < 90 then AGECAT = '[80,90)';
else if 90 < = age < 100 then AGECAT = '[90,100)';
proc freq;tables systd*agecat;run;

This.provides.the.following.contingency.table:

Table of SYSTD by AGECAT

SYSTD AGECAT

Frequency ,
Percent ,
Row Pct ,
Col Pct , [20,30) , [30,40) , [40,50) , [50,60) , [60,70) , [70,80) , [80,90) , [90,100) , Total

SYST < 145 , 1 , 0 , 3 , 4 , 3 , 4 , 0 , 1 , 16
 , 2.00 , 0.00 , 6.00 , 8.00 , 6.00 , 8.00 , 0.00 , 2.00 , 32.00
 , 6.25 , 0.00 , 18.75 , 25.00 , 18.75 , 25.00 , 0.00 , 6.25 , 
 , 100.00 , 0.00 , 20.00 , 50.00 , 30.00 , 44.44 , 0.00 , 50.00 , 

SYST >=145 , 0 , 3 , 12 , 4 , 7 , 5 , 2 , 1 , 34
 , 0.00 , 6.00 , 24.00 , 8.00 , 14.00 , 10.00 , 4.00 , 2.00 , 68.00
 , 0.00 , 8.82 , 35.29 , 11.76 , 20.59 , 14.71 , 5.88 , 2.94 , 
 , 0.00 , 100.00 , 80.00 , 50.00 , 70.00 , 55.56 , 100.00 , 50.00 , 

Total  1  3  15  8  10  9  2  2  50
  2.00  6.00  30.00  16.00  20.00  18.00  4.00  4.00  100.00

From.the.output,.let.us.look.at.[50,.60).age.group.and.syst.<145.cell..The.
first. number. 4. indicates. that. four. people. belong. to. this. category.. The.
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.number.8.in.the.second.row.indicates.the.percentage.of.subjects.who.fall.
into.this.cell.from.all.people..The.number.25.in.the.third.row.is.the.percent-
age.of.people.falling. into.this.category.out.of.people.with.syst.<145,.row.
.category.. The. last. row. is. 50. and. indicates. that. 50%. of. people. belong. to.
this category.out.of.people.who.are.in.the.[50,.60).age.group.of.the.column.
category.

1.4	 Population	and	Sample

Population.is.the.entire.group.of.data.on.which.the.experimenter.or.scientist.
wants.to.make.a.statistical.inference..By.the.entire.group.we.mean.all.people.
over.75.years,.all.households.with.two.cars,.all.people.having.a.particular.
disease,.and.so.on..In.a.population.we.require.measures.to.describe.the.char-
acteristics. we. are. interested. in.. These. measures. are. called. parameters..
Parameters.could.be.the.proportion.of.people.above.75.years.who.had.a.heart.
attack,.the.mean.incubation.period.of.a.disease,.and.so.forth.

Suppose.we.are.interested.in.determining.the.proportion.of.people.over.
75 years.who.had.a.heart.attack..It.is.very.difficult.to.get.all.people.over.75.
years.and.ask.them.if.they.had.a.heart.attack..So.we.get.our.information.by.
taking.a.random.sample.from.the.population..The.sample.should.represent.
the.people.aged.over.75.years.of.different.nationalities,.different.lifestyles,.
different.socioeconomic.status,.and.so.forth..The.summary.measures.calcu-
lated.from.the.sample.are.called.statistics.

Randomization.allows.one.to.unbiasedly.make.an.inference.on.the.popula-
tion.parameters.based.on.sample.estimates..If.we.are.conducting.a.survey,.
then.we.need.to.make.sure.we.randomly.select.our.respondents.to.answer.
the.survey;.otherwise,.we.may.be.biasing.the.conclusions..The.statistical.pro-
cedures. are. only. valid. if. the. samples. are. randomly. or. probabilistically.
selected.

In.clinical.trials,.by.randomizing.subjects.to.the.treatment.groups,.treat-
ment.arms.are.distributed.evenly.and.unbiasedly.among.the.subjects..The.
experimental.data.cannot.be.used.for.statistical.inferences.if.the.subjects.are.
not.randomly.assigned.to.treatments..One.may.also.use.stratification.based.
on. demographic. variables. or. prognostic. factors. and. randomly. assign. the.
treatments.to.the.subjects.in.each.strata..By.stratifying.one.creates.homoge-
neous.blocks.in.order.to.compare.treatment.arms.unbiasedly.without.being.
influenced. by. other. characteristics. of. the. subjects.. However,. one. needs. to.
keep.the.number.of.strata.to.a.minimum..Many.strata.may.result.in.having.
incomplete.blocks.(too.few.subjects.in.the.blocks).and.the.study.at.the.end.
may.not.be.balanced.for.the.key.factors.of.interest,.like.the.treatment.group.
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The.easiest.form.of.randomization.includes.rolling.a.die.or.looking.at.the.
table.of.random.numbers.and.assigning.treatment.A.to.the.odd.numbers.and.
treatment.B.to.the.even.numbers.to.get.the.required.number.of.subjects.to.each.
of. the. two. treatments.. The. problem. with. this. method. is. that. it. can. lead. to.
imbalances.in.the.treatment.groups..One.advantage.is.that.it.is.less.likely.for.
anyone.to.guess.the.treatment.assignment..However,.when.one.starts.to.add.
stratification.variables,.this.randomization.scheme.may.be.inappropriate.

Block randomization.is.used.when.subjects.are.randomized.into.blocks..If.a.
block.has.been.completed,.then.the.treatment.arms.will.be.completely.bal-
anced..The.smaller.the.block.size,.the.more.likely.the.balancing.among.the.
treatment.groups.but.easier.for.one.to.guess.the.treatment.assignment;.how-
ever,.the.larger.the.block.size,.the.more.likely.the.imbalance.among.the.treat-
ment.groups.but.harder.for.one.to.guess.the.treatment.assignment..One.has.
to.find.a.balance.between.these.two.scenarios.

Suppose.a.researcher.wants. to.randomly.assign.three. treatments.at. two.
sites,.using.age.as.a.stratum.(divided.into.two.groups.(>75,.≤75)),.with.6.blocks.
of.size.3.in.each.site.and.age.classification.

From.SAS,.one.can.use.PROC.PLAN.with.which.one.can.create.a.simple.
random.list:

Data a;
proc plan seed = 1; *test seed for dummy data;
factors site = 2 ordered age = 2 ordered block = 6 ordered 
trtgrp = 3;  run;

This.will.provide.the.following.output:

The PLAN Procedure

Factor Select Levels Order

Site 2 2 Ordered
Age 2 2 Ordered
Block 6 6 Ordered
trtgrp 3 3 Random

Site Age Block –trtgrp-

1 1 1 1 3 2
  2 1 3 2
  3 2 3 1
  4 1 3 2
  5 3 2 1
  6 1 2 3
 2 1 3 2 1
  2 2 3 1
  3 2 3 1
  4 2 3 1
  5 3 1 2
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  6 3 1 2
2 1 1 2 1 3
  2 1 2 3
  3 1 3 2
  4 2 1 3
  5 2 1 3
  6 2 1 3
 2 1 2 1 3
  2 3 2 1
  3 2 1 3
  4 3 1 2
  5 3 1 2
  6 1 2 3

The.above.output.can.be.explained.as.follows..In.each.site.and.age.group,.
the.subjects.are.blocked.in.sets.of.three.people.and.they.are.given.the.indi-
cated.treatments..For.example,.the.recruited.10,.11,.and.12.subjects.at.Site.1.age.
group.1.are.assigned.treatments.1,.3,.and.2,.respectively.based.on.block.4.

For.a.detailed.discussion.on.randomization.in.clinical.trials,.refer.to.Efron.
(1971),.Pocock.and.Simon.(1975),.Kalish.and.Begg.(1985),.Lachin.et al..(1988),.
and.Friedman.et.al..(1998).

1.5	 Estimation	and	Testing	Hypothesis

In. scientific. or. social. investigations,. the. major. roles. of. statistics. are. as.
follows:

. 1..Estimate.and.test.hypotheses.about.the.parameters.of.interest.based.
on.sample.data.

. 2..Find.an.appropriate.model.to.estimate.a.dependent.variable.based.
on. one. or. several. independent. variables,. test. the. adequacy. of. the.
model,. estimate. the. parameters. involved. in. the. model,. and. test.
hypotheses.about.the.parameters.

. 3..Analyze. the. experimental. data. using. appropriate. techniques. and.
determine.the.efficacy.of.the.treatments.

While.estimating.parameters,.we.would.like.to.see.some.desirable.proper-
ties.in.the.estimator.like.unbiasedness,.consistency,.and.minimum variance..An.
estimator.is.unbiased.if.the.average.of.the.estimator,.in.repeated.sampling.or.
experimentation,.is.the.parameter..In.a.single.study.the.unbiased.estimator.
need.not.be.the.parameter,.but.in.repeated.studies.the.average.value.of.that.
estimator. is. the. parameter.. A. consistent. estimator. for. large. samples.
approaches. the. parameter.. We. also. want. the. estimator. not. to. give. widely.
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spread-out.values.in.repeated.studies..This.property.is.the.minimum..variance.
of. the. estimator.. The. population. mean. and. proportion. are. estimated. in.
.random.sampling.by.the.sample.mean.and.sample.proportion..These.estima-
tors.possess.the.above.properties..Usually,.the.estimates.given.by.computer.
packages.are.based.on.the.estimators.with.desirable.properties..Note.that.the.
estimator.gives.the.estimate.based.on.the.available.data.

The.estimate.may.be.given.as.a.single.value.called.point estimate..Often,.one.
likes.to.see.an.interval.of.possible.values.of.the.parameter,.and.such.an.inter-
val.is.called.a.confidence interval.(CI)..The.CI.is.associated.with.confidence prob-
ability. and. it. can. be. interpreted. as. follows.. Based. on. the. CI. formula,. the.
interval.can.be.calculated.from.a.trial..When.many.trials.are.made,.out.of.all.
those.intervals,.the.actual.parameter.will.be.contained.in.(confidence.prob-
ability).×.100%.cases.

To.test.a.hypothesis,.we.form.null.(H0).and.alternative.(HA.).hypotheses,.form.
a. test statistic. based.on. the.observed.data.and.hypothesis.H0,. and.find. the.
chance.(probability,.p-value).of.getting.the.present.evidence.or.stronger.evi-
dence.against.H0..If.this.chance.is.small,.the.evidence.is.improbable.and.as.we.
are.observing.that.evidence.in.the.current.data,.we.reject.H0..The.test.always.
aims.to.show.that.the.current.data.are.unlikely.to.be.observed.if.H0.is.true.

The. objective. is. not. to. establish. H0. from. the. data,. but. to. find. evidence.
against.H0.from.the.data,.if.possible..In.view.of.this,.all.claims.an.investigator.
wants.to.make.must.be.taken.as.alternative.hypotheses.and.their.comple-
ments.are.taken.as.null..If.a.test.rejects.(retains).H0,.it.is.not.implied.that.H0.
is.false.(true)..It.is.a.decision.the.investigator.makes.based.on.the.observed.
data..The.truth.of.H0.and.the.decision.to.reject.or.retain.H0.can.be.shown.in.
the.following.table:

Actually,	H0

Decide,	H0 True False

True Correct decision Type II error
False Type I error Correct decision

Ideally,.the.decision.should.be.free.of.error.and.it.is.impossible.to.make.an.
error-free.decision..The.decision.to.reject.H0.is.devised.controlling.the.prob-
ability.of.commiting.Type.I.error.at.a.prespecified.value.and.minimizing.the.
probability.of.committing.Type.II.error..The.prespecified.probability.of.com-
mitting.Type.I.error.is.called.the.level of significance.and.is.denoted.by.α..If.a.
decision.to.reject.a.hypothesis.H0.is.made,.either.H0.is.false.or.the.decision.is.
one.of.those.100α%.cases.of.rejection.of.H0.when.it.is.actually.true..The.power.
of.the.test.is.one.minus.the.probability.of.commiting.Type.II.error.(β) and.the.
sample.size.is.usually.determined.to.give.a.power.of.at.least.80%..The.com-
monly.used.test.statistics.are.Z,.t,.χ2,.and.F..The.normal.distribution.is.speci-
fied.by.its.mean.and.standard.deviation,.and.Z.is.the.standardized.normal.
distribution. with. mean. zero. and. standard. deviation. one.. The. t. and. χ2.


