CHAPTER 1

GETTING ACQUAINTED
WITH BIOSTATISTICS

CHAPTER OVERVIEW

This chapter is intended to provide an overview of the basic statistical con-
cepts used throughout the textbook. A course in statistics requires the student
to learn many new terms and concepts. This chapter lays the foundation nec-
essary for the understanding of basic statistical terms and concepts and the
role that statisticians play in promoting scientific discovery and wisdom.
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SUMMARY

LEARNING OUTCOMES

After studying this chapter, the student will

1.

understand the kasic concepts and terminalogy of biostatistics, including the
various kinds of variables, measurement, and measurement scales.

be able to select a simpie randam sample and other seientific sam ples froma
population of subjects.

understand the processes involved in the seientific metheod snd the dasign of
BXpEriments.

appreciate the advantages of using computers in the statistical analyiis of data
generated by studies and experiments caonducted by researchers in the health
scignces,



2

1.2 SOME BASIC CONCEPTS

1.1 INTRODUCTION
-___—# —

CHAPTER 1 GETTING ACOUAINTED WITH BIOSTATISTICS

S e

We are frequently reminded of the fact that we are living in the information age. Appro-
priately, then. this book 1s about information—how it is ohtained. how it 18 analyzed,
andl how iU s interpreted, The information about which we are concerned we call data,
and the data are available 1o vs in the form of numbers,

The objectves of this book are rwolold: (1w teach the student 10 orani A and
cummarize data, and (2) 10 teach the student how 10 reach decisions about & large body
of data by examining pnly a smull part of the data, The concepts and methods necessary
for achicving the first pbjective ure presented under the heading of descriptive statfsiics,
andl the second objective is reached through the study of what is called inferential sia-
tistics. This chapier discusses descriptive statistics. Chapters 2 through 5 (iscuss 1opics
that form the foundation of statistical inference, and most of the remainder of the book
deals with infergntial statistics.

Because this volume is designed for persens preparing for or already pursuing @
career in the health field, the illustrative material and exercises reflect the problems and
activities that these persons die likely to encounier in the performance of their duties.

e — e

Like all fields of learning. slatistics has s own yocabulary, Some of the words nnd
phrases encountered in the study of statistics will be new to those not previously exposed
o the subject. Other tenms. though appearing to be familiar, may have specialized mean-
Pngs that e different from the meanings that we are dccustomed 1o associating with
these termsé. The Tollowing are SOme terms that we will use extensively in this book.

Data The raw material G tatistics is data, For our PUIPOSLS e iy heline data as
smmbers, The two kinds of numbers that we use in statistics are numbers that result from
the taking—in the usual sense of the term —of a measireinenn, amich thiose that result from
the process of counting, Fot example, when o nurse welghs o patient or takes a '|'.n:uli|.‘.n1'-
Emprakure, a measurement, consisting of sumber such as 13() pounds or 100 degrees
Fahrenheit, is obtained. Quite 4 different type of number is obtained when a hospital
administrator counts the aumber of patienis—perhaps A()—discharged from the husspatal
on a given duy. Each of the three numbers is i datur, and the three taken together are
cha,

Statistics The meamng of statisiies is imiplicit 1n the previous seetion. More con-
cretely, howeyer, we may siy that statisicys i a field of sty converned witl (1) tee
collection, grganizalion, cymmarization, and analysis of dara: and () the drawing af
infevences about u bady of data whet only a part af the data is observed,

The person whe performs these statistical activities must be preparcd o (riedpred
and to ecommunicate the results [0 someone else as the situation demands. Simply put.
we iy say that dats are pumbers. numbers contain information. and the purpose ol sl
Gtics is to investigate and evaluate the nature and meaning of this infnrmastion.
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Sources of Data The performance of statistical activities is motivated by the need
o answer @ question, For example, clinicians may want answers (o guesiions regurding
the relative merits of competing trestment procedures. Administrators may winl answers
to questions regarding such areas of concern as employee morale or facility uilization,
When we determine that the appropriate approach o seeking an answer to a question
will require the use of statisties. we begin 1o search for suitable dativ to serve as the raw
material for our investigation. Such dara sre usually available from one or more of the
following sources:

l. Routinely kept records, It is difficult o imagine any tvpe ol organization thiat
does not keep records of day-to-day transactions of ils activites., Hospital medical
reconds, for example, contam immense amounts of information on patients, while
hospial aecounting records contmmnea wealth of dat on the fagility’s business activ-
ities. When the need tor data anses, we should look for them first-ameng routinely
kept records.

2. Surveys. I the data neaded to answer 4 guestion are not avialuble from routinely
kept records, the logical sodrce muy be g strvey, Suppose. Tor exmmple. that the
admmistrator of o clinie wishes o obtain information regarding the mode of trans-
portation used by paiients 1o visie the clime, 17 admission forms do not eontam
guestion on mode of trmsportaton, we may conduct aoswvey among paniens o
obiain s wformation.

3. Experiments. Frequently the data needed 1w answer o question are avidlable only
as the result of an experiment. A nurse may wish o know which ol several steale-
wies 15 hest for maximizimg patient complinnce. The nurse might conduct an exper-
iment in which the different strategies of motivating complisnee are tried with dif-
ferent patients, Subsequem evaluation of the responses to the different strutegies
might enable the nurse to decide which s most effeciive.

4. External sourees. The daty needed to answer o question may alvendy exist in
the form of published reports, commercially avallable data banks, or the research
literature: In other words, we may find that someone else hos already asked
the same: question, and the answer obtaned may be applicable 1o our present
stuatim,

Biostatistics The tools of statistics are emploved in many felds—hbusiness, edi-
canon, psychology, agriculure, and cconomics, o mention only a few. When the dita
analyvzed are derived from the hiological sciences and medicine, we use the term fiistea-
tixtics o disunguwsh this particular application ol statistical wols and concepms: This area
of application is the concern.of this book,

Variable If. as we abserve o characteristic, we tind that i takes on differens values
in different persons, places: or things, we label the characteristic a variahle. We do this
for the simple teason thar the charsctensiec s not the same when observed m different
possessors of 1t Some examples of varables mclude dimstolic blood pressure. heart rate,
thie heights of adult males. the weights of preschool children, and the ages of patients
seen inoa dental clinc.
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Quantitative Variables A guanrirarive variable is one that can be measured in
the usual sense. We can, for example, obtain measurements on the heights of adult males,
the weights of preschool children. and the ages of patients seen in a dental clinic, These
are examples of guantitative variables. Measurements made on quantitative variables
convey information regarding amount.

Qualitative Variables Some characteristics are not capable of being measuredl
in the sense that height, weight, and age are measured, Many characteristics can be
categorizcd only, as, for example, when an ill person s given a medical diagnesis, a
person is designated as belonging o an ethnic group, or a person, place, or abject is
said 1o possess or not to possess some characteristic of interest. Inosuch cases meis-
uring consists of categorizing. We refer to variables of this Kind as gralitaive vari-
ables. Measurements made on gualitative variables convey information regarding
attribute,

Although, in the case of qualitative variables, measurement i the usual sense of
the word is not achieved, we can count the number of persons. places, or things belong-
ing 1o various categories. A hospital administrator, for example, ean count the number
of paticnts admited during o day under cach of the varous admitling diagnoses, These
counts, or frequencies as they are called, are the numbers that we manipulate when our
analysis involves qualitative vardables,

Random Variable Whenever we determine the height, weight, or age of an indi-
vidual, the result is frequently referred 1o as a value of the respective variable, When the
vilues obtained arse as a result of chance factors, so that they cannot be exactly pre-
dicted i advance, the variable is called a random variofle, An example of @ random
variable is adult height. When a ¢hild is born, we cannot predict exactly his or her height
at maturity, Atlained adult height is the result of numerous genetic and envitonmental
factors, Values resulting from measurement procedures are often referred to as abseria-
FHONs T IEasurentents.

Discrete Random Variable Varigbles may be characterized further as to
whether they are diverete or contintons, Since mathematically rigorous definitions of dis-
crete und continuous variahles are beyond the level of this book. we offer. instead. non-
rigorous definitions and give an example of each,

A disorere variable iy charaeterized by gaps or interrnptions in the velues that i
v assume. These gaps or interruptions indicate the absence of values between panticu-
far values that the variahle can assume. Some examples illustrate the point. The number
af daily admissions to 4 general hospital i a diserete random variable since the number
of admissions each day must be represented by a whole number, such as 0, 1, 2, ar 3,
The number of admissions on o given day cannot be a number such as 1.5, 2.997, or
3.333. The number of decayved, missing, or filled teeth per child in an elementary school
is another example of a discrete variable,

Continuous Random Variable A continnous random variabie does not
possess the gaps or intervaptions characteristie of a discrete randons variofle, A con-
tinuous random variable can assume any value within a specified relevant imterval of
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vitlues assumed by the variable, Examples of continuous variables include the various
measurements that can be made on individuals such as height. weight, and skull cir-
cumference. No matter how close together the observed heights of two people, for
example, we can, theoretically. find another person whose height falls somewherg in
belween.

Because of the limitations of available measunng instruments, however, observa-
tions on variables that are inherently continuous are recorded as if they were discrete.
Height, for example. is usually recorded to the nearest one-quartet, one-half, or whole
inch. whereuas, with a perfect measuring device, such a measuremant could be made us
precise as desined. '

Population The average person thinks of & population as a collection of cntities,
usually peaple. A population or collection of entities may. however, consist of animals,
machines, places, or cells. For our purposes, We define a population of entiiies 43 thie
fargest collection of entiltes for which we have an interest at a particular time: I we
Lake @ measurement of some variable on cach of the cntities in o population. we gener-
ate @ population of values of that variable, We may, therefore, define o papulation of
valnes gy the largest collection ol verlties of rerncdem variable for which we have an
interest al o particular time. 1, for example, we are interested in the weights of all the
children enrolled in a certain county elementary school system, our population Consists
of all these weights, 1 our interest lics only 1n the weights of first-grade students in the
system, we have i different population-—weights of firsi-grade students enrolled in Lhe
school system. Hence, populanions are determined or defined by our sphere. of interest.
Populations may be finite or infinire. 1f a population of values consists of a Axed num-
her of these values, the population is caid 10 be finite, 11, on the other hand, a popula-
tion consists of an endless succession of values, the population is an infinite one.

Sample A sample may be defined < mply as ¢ part of a population. Suppose our
population consists of the weights of all the elementary sehiool children enrolled i a
certain county school system, 1 we collect for analysis the weights of only a {raction
of these children, we have only a part of our population ol weights, that is, we have a
sanifi.

1.3 MEASUREMENT AND
MEASUREMENT SCALES

e ——————

In the preceding discussion we used the word measurement several times in its usbpl sense,
anid presumably the reader clearly understood the intended meaning, The word pregstire-
ment, however, may be given a4 more ceientific definition. In fact, there is a whole hody
of scientific Titerature devoted to the subject of measurcment. Part of this lierature 15 con-
cerned also with the nature of the numbers that cesult from measurements. Authorities on
the subject of measurement speak of measurement ccales that result in the categorization
of measurements according to their matre. In this section we define measuremnent and the
four resulting measurement scales. A more detailed discussion of the subject is to be found
in the writings of Stevens (1. 2).
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Measurement This may he defined as the assignment ol numbers to objects or
events according 1o a set of rules. The various measurement sciles result from the fact
that measurerment may be carried our under different sets of rules,

The Nominal Scale The lowest measurement seale is the nominal seale, As the
name implies it consists of “naming” observations or classifying them into various niiu-
ally exclusive and collectively exhaustive cautegories, The practice of nsing numbers 1o
distinguish among the vagous medical diagnoses constitules measurement of 2 nominal
ceqle. Other examples include such dichotomies as male—female, well-sick. under 63
years of age-63 and over, ¢hild—adult, and married—not mirried.

The Ordinal Scale Whenever observations are not only different from calegory
to category but can be ranked according to some eriterion, they arc said to he mueasured
on an ordinal seale. Convalescing patients may be characterized as umimproved,
improved, and much improved. Individuals may e classified according Lo SO IGECOTIONIC
status as low, medium, or high. The intetligence of children may he above average, aver
age. or below average. In each of these examples the members of any one category ane
A1l considered equal, but the members ol one category dre considered lower, worse. ar
<muller than those in another category. which in turn bears @ similar relationship to
another category. For example. @ much improved patient is in better health than one clas-
sified as improved, while 4 putient who has improved 15 in better condition thun one who
has not improved. It s usuatly impossible 10 infer that the difference between mienihers
of one category and the next adjacent category 15 equal to the difference hetween -
bere of that category and the members of the next category adjacent to it The degree of
improvement between unimproved and improved is probubly not the same s that
hetween improved and much improved, The implication is that il a finer breakdown were
made resulting in more categories. these. too. could be ordered in o similar manner The
function of numbers assigned 1o ordinal data is to order (or runk) the abservations from
Jowest to highest and, hence, the term e il

The Interval Scale The imerval scale is a more sophisticated scale than the
nominal of ordinal in that with ihis scale not only is it possible to prder measurements,
hut also the distance between any [wo measurements is known, We Know, say. that the
difference between @ messurement of 20 and a measurement of 30 1s equal to the dif-
[erence between messurements of 30 and 40, The ability to do this imphes the use of a
unit distance und @ zero point. both of which are arbitrary. The selected zero point s net
necessarily o true zero in that i does nol have 1o indicate o total ahsence of the guan-
tity being measured. Perhaps the best example of an interval scale is provided by the
way in which lemperature is usually measured (degrees Eahrerheit or Celsiusy, The unit
of measurement is the degree. and the point of compurison is the arbitrarily chosen “zero
degrees” which does not indicate a lack of hieat. The interval scale unlike the nominal
and ordinal scales is a truly quantitative seile.

The Ratio Scale The highest Jevel of measurement is the rafio scale. This scale
-« characierized by the fact that equality of ratios as well as equality of imer qals miay be
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determined. Fundamental to the ratio scale is a true zero point. The measurement of such
Familiar traits as height, weight, and length makes use of the ratio scale

1.4 SAMPLING AND
STATISTICAL INFERENCE

Ax noted earlier. one of the purposes of this book is 10 teach the concepts of stutistical
inference, which we may define as follows:

DEFINITION
Statistical inference is the procedure by which we reach a conclusion
about a population on the basis of the information contained in a
sample that has been drawn from that pepulation.

There are many kinds of samples that may be drawn from a population. Not évery
kind of sample, however, can be used as a basis for making valid inferences about a pop-
slation. In general. in order to make a valid inference abowt a population, we need a sei-
entific sample from the population. There are also many Kinds of scientific samples that
miay be drown Trom o populaton. The simplest of these is the simple randen sample. In
this section we define u simple random sample and show vou how 1o draw one from
papulaticn.

If we use the letter & 1w desizgnate the sive of g finite population and the letier »
to desiopite the size of o sample, we may defing o simple random saumple as follows:

DEFINTTICON
It o sample of size # is drawn from a population of size N in such a
way that every possible sample of size n has the same chance of being
selected, the sample is ealled o simple random sample.

The mechanics of drawing a sample to satisiy the definition of a simple random
sumple 15 called simple random sampling.

Wi will demonstrate the procedure of simple random sampling shortly, but fisse let
us consider the problem of whether to sample with seplacement oo withont replacenent,
When sampling with replacement is employed. every mentber of the pepulation is avail-
able ot cach draw, For example. suppose that we are drawing o sample from a population
of former hospital parients as pant of o study of length of stayv. Let s assume that the
sampling involves selecting from the shebves in the medical records department o sample
of charts of discharged patients, In sampling with replacement we would proceed as fil-
lows: sedect a chart o be in the sample, record the length of stay. and retom the chart to
the shelf. The chart is back in the “population” and may be drawn again on some subse-
guent drow, i which case the length of stay will again he recorded. In sampling withiut
replacement, we would not retum a drown chart to the shelf after recording the length of
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stay, but wonld lay it aside until the entire sample is drawn. Following this procedure,
a given chart could appear in e sample only once. As a rule, in pracuice. sampling
L always done without replacement. “The significance and consequentes ol this will be
explained luter. but first let us s¢& how one goes aboul celecting @ simple random saim-
ple. To ensure e randomness of selection, we will peed 1o follow some objective
procedure. we certainly will want (o avoid using our own judgment 10 decide which
iembers of the population constitute 4 random sample. The following example illus-
frales one method of selecting & simple random sample from @ pu[mlulinu.

B

S

'| EXAMPLE 1.4.1
Gold et ul. (A-1) ciudied the effectiveness Of smoking cessation of bupropion SR, 4 nico-
e patch, or both, when co-admimstered with mgnitiw:-'lmh:wiuml (herapy. Consecunve
comsenting patients assigned themselves to One of the three freatments. For iHustrtive purs
poses. lel us consider all these subjects to be & population of size N = 189, We wish 1o
seleet o simple random sample of size 10 from this population whose ages are shown in
Table 141
TABLE 1.4.1 pges of 180 Subjects Who Participated in a Study on smoking
Cessation
Subject Mo, Age Suhject MNo. Age Subject No. Age Subject No. Age
= s S G e ST
1 48 49 38 97 519 145 52
2 K 50 44 98 50 146 53
| 46 81 43 a8 50 147 61
i 44 52 ay 100 55 148 gd
-] 43 53 a6 1 63 144 53
& 42 B 57 102 &0 150 53
7 33 Ll a2 102 G4 151 &0
8 44 56 54 104 54 152 53
9 49 &7 &6 05 &0 153 54
10 L4 58 53 106 B0 184 &1
1 44 53 £ 107 G 156 61
12 39 alA] 53 108 (52 156 61
3 38 &1 it 109 BE6 157 fd
14 a4 Gd 54 10 i 158 53
15 4G 63 B9 m g2 159 53
16 B B &6 112 68 160 5d
17 56 B& 62 13 78 161 61
18 £7 i 50 14 B6 162 &l
19 &1 67 ad 15 70 163 &1
20 61 ] 53 e GG 1654 50
21 63 63 61 7 EL 165 53
s 66 70 53 118 G4 166 B4
23 IR r B2 118 71 187 B
24 75 72 &7 120 &9 168 53
[Continued)
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Subject Na. Age Subject No, Age Subject Nao, Age Subject Mo, Age
25 72 73 52 121 78 169 &0
26 65 74 54 122 BG 170 54
2 &7 75 &1 123 GE 171 55
28 38 76 53 124 71 172 58
29 37 77 Bi 125 52 173 G2
30 46 748 b2 126 77 174 62
31 a4 79 hd 127 76 175 G54
3z 44 a0 ha 128 ra 176 53
33 48 a1 Bz 129 43 177 i1
34 449 a2 52 130 47 178 54
35 30 83 62 131 48 174 a1
35 45 84 &7 132 37 B0 62
37 47 B85 E9 133 410 181 57
3B 45 86 58 134 42 182 =1
32 48 a7 1] 135 38 183 =
40 a7 a8 7 136 49 184 63
41 a7 89 53 137 43 188 BB
42 44 a0 =t} 138 46 186 71
43 48 9 61 139 34 187 Fal
44 43 92 55 140 46 128 73
45 a5 93 a1 141 46 18g &3]
4G i) a4 BE 142 48

47 48 95 52 143 47

48 49 96 54 144 43

Source! Paul B, Gold, Ph.Dy, Used with parmisgion,

Solution:

Ore way of selecting a simple random sample is to use a tahle of random
numbers fike that shown in the Appendix, Table A, As the first siep, we
locate a random starting point in the able. This can be done in 3 number
of ways, one of which is to look away from the page while touching it with
the poant of o pencil. The random starting point is the digit elosest o where
the pencil wouched the page. Let us assume that following this procedure
led 1o a randem starting point in Table A at the intersection of row 21 and
column 28, The digit ar this point s 5. Since we have 189 values (o choose
fram, we can vse only the random numbers 1 throogh |8 Tt will be con-
venient o pick three-digit numbers so that the numbers 001 through T84S
will be the only ehgible numbers, The first three-digit number, heginning
al our random starting point is 332, 4 number we cannot use. The next nun-
ber {going down) is 196, which again we cannot use. Let us move down
past 196, 372, 654, and 928 unii] we come (0 137, 0 number we can use.
The age of the 137th subject from Table 1.4.1 15 43, the first value 0 our
sumple. We regord the random number and the corresponding age in Table
l.4.2, We record the random number 1o keep track of the random numbers
selected. Since we want to sample without replacement, we do not want o
clude the same mdividual’s age twice, Proceeding 1o the manner just
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