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be measured as “positive” or “negative” (nominal scale) or in
millimeters of induration (ratio scale).

Summarizing Data
Page 2-4
Table 2.3 Example of Ordinal-Scale Variable: Stages of Breast Cancer*
Stage Tumor Size Lymph Node Involvement Metastasis (Spread)
1 Less than 2 cm No No
I Between 2 and 5 cm No or in same side of breast No
m More than 5 cm Yes, on same side of breast No
v Not applicable Not applicable Yes

* This table describes the stages of breast cancer. Note that each stage is more extensive than the previous one and
generally carries a less favorable prognosis, but you cannot say that the difference between Stages 1 and 3 is the
same as the difference between Stages 2 and 4.
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Frequency Distributions

Look again at the data in Table 2.1. How many of the cases (or
case-patients) are male?

When a database contains only a limited number of records, you
can easily pick out the information you need directly from the raw
data. By scanning the 5 column, you can see that 12 of the 20
case-patients are male.

With larger databases, however, picking out the desired
information at a glance becomes increasingly difficult. To facilitate
the task, the variables can be summarized into tables called
Jfrequency distributions.

A frequency distribution displays the values a variable can take
and the number of persons or records with each value. For
example, suppose you have data from a study of women with
ovarian cancer and wish to look at parity, that is, the number of
times each woman has given birth. To construct a frequency
distribution that displays these data:
« First, list all the values that the variable parify can take,
from the lowest possible value to the highest.
+ Then, for each value, record the number of women who had
that number of births (twins and other multiple-birth
pregnancies count only once).

Table 2.4 displays what the resulting frequency distribution would
look like. Notice that the frequency distribution includes all values
of parity between the lowest and highest observed, even though
there were no women for some values. Notice also that each
column is clearly labeled, and that the total is given in the bottom
row.
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To create a frequency

distribution from a data
set in Analysis Module:

Select frequencies, then
choose variable.

Table 2.4 Distribution of Case-Subjects by Parity (Ratio-Scale
Variable), Ovarian Cancer Study, CDC

Parity Number of Cases
0 45
1 25
2 43
3 32
4 2
5 8
6 2
7 0
8 1
9 0
10 1

Total 179

Data Sources: Lee NC, Wingo PA, Gwinn ML, Rubin GL, Kendrick Js, Webster LA, Ory HW.
The reduction In risk of ovarian cancer assoclated with oral contraceptive use. N Engl J Med
1987,316: 650-5,

Centers for Disease Control Cancer and Steroid Hormone Study. Oral contraceptive use and
the risk of ovarian cancer, JAMA 1983;249:1596-9,

Table 2.4 displays the frequency distribution for a continuous
variable. Continuous variables are often further summarized with
measures of central location and measures of spread. Distributions
for ordinal and nominal variables are illustrated in Tables 2.5 and
2.6, respectively. Categorical variables are usually further
summarized as ratios, proportions, and rates (discussed in Lesson
3).

Table 2.5 Distribution of Cases by Stage of Disease (Ordinal-Scale
Variable), Ovarian Cancer Study, CDC

CASES
Stage Number Percent
1 45 20
Jis 11 5
Jing 104 58
v 30 17
Total 179 100

'Data Sources: Lee NC, Wingo PA, Gwinn ML, Rubin GL, Kendrick J5, Webster LA, Ory HIV.
The reduction in risk of ovarian cancer associated with ora contraceptive use. N Engl J Med
1987;316: 650-5,

Centers for Disease Control Cancer and Steroid Hormone Study. Oral contraceptive use and
the risk of ovarian cancer, JAMA 1963;249:1596~





image8.tmp
ution of Cases by Enrollment Site (Nominal-Scale
Variable), Ovarian Cancer Study, CDC

CASES
Enrollment Site Number Percent
Atlanta 18 10
Connecticut 39 22
Detroit 35 20
Towa 30 17
New Mexico 7 4
San Francisco 33 18
Seattle 9 5
Utah 8 4
Total 179 100

'Data Sources: Lee NC, Wingo PA, Gwinn ML, Rubin GL, Kendrick Js, Webster LA, Ory HW.
The reduction In risk of ovarian cancer assoclated with oral contraceptive use. N Engl J Med
1967,316: 650-5.

Centers for Disease Control Cancer and Steroid Hormone Study. Oral contraceptive use and
the risk of ovarian cancer. JAMA 1983;249:1596-9.
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Epi Info Demonstration: Creating a Frequency Distribut

Scenario:  In Oswego, New York, numerous people became sick with gastroenteritis after attending a church
picnic. To identify all who became il and to determine the source of llness, an epidemiologist administered a
questionnaire to almost all of the attendees. The data from these questionnaires have been entered into an Epi
Info file called Oswego.

Question: In the outbreak that occurred in Oswego, how many of the participants became ill?

Answer:  In Epi Info:
Select Analyzing Data.
Select Read (Import). The default data set should be Sample.mdb. Under Views, scroll down to
view OSWEGO, and double dlick, or click once and then click OK.
Select Frequencies. Then dlick on the down arrow beneath Frequency of, scroll down and select
1LL, then click OK.

The resulting frequency distribution should indicate 46 ill persons, and 29 persons not il.

How many of the Oswego picnic attendees drank coffee? [Answer: 31]
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Properties of Frequency Distributions

‘The data in a frequency distribution can be graphed. We call this
Graphing wil be covered type of graph a histogram. Figure 2.1 s a graph of the number of
in Lesson 4 outbreak-related salmonellosis cases by date of illness onset.

Figure 2.1 Number of Outbreak-Related Salmonellosis Cases by Date of
Onset of Iliness — United States, June-July 2004
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Source: Gantos or Divease Contol and reventon, Gufbrests of Saimonells fectons
associated with eatng Rom tomatoes-~Unitd States and Canads, 2004, MMWR 54,325-6.

Even a quick look at this graph reveals three features

+ where the distribution has its peak (central location),

+ how widely dispersed it is on both sides of the peak (spread),
and

« whether it is more o less symmetrically distributed on the two
sides of the peak.

Central location

Note that the data in Figure 2.1 seem to cluster around a central
value, with progressively fewer persons on either side of this
central value. This type of symmetric distribution, as illustrated in
Figure 2.2, is the classic bell-shaped curve — also known as a
normal distribution. The clustering at a particular value is known
as the central location or central tendency of a frequency
distribution. The central location of a distribution is one of its most
important properties. Sometimes it i cited as a single value that
summarizes the entire distribution. Figure 2.3 illustrates the graphs
of three frequency distributions identical in shape but with
different central locations.




image10.tmp
Figure 2.2 Bell-Shaped Curve
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Figure 2.3 Three Identical Curves with Different Central Locations

Frequency

X Variable

Three measures of central location are commonly used in
epidemiology: arithmetic mean, median, and mode. Two other

measures that are used less often are the midrange and geometric
mean. All of these measures will be discussed later in this lesson.
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Depending on the shape of the frequency distribution, all measures
of central location can be identical or different. Additionally,
measures of central location can be in the middle or off to one side
or the other.
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Skewness refers to the
tail, not the hump. So a
distribution that is skewed
to the left has a long left
tail.

Spread

A second property of frequency distribution is spread (also called
variation or dispersion). Spread refers to the distribution out from a
central value. Two measures of spread commonly used in
epidemiology are range and standard deviation. For most
distributions seen in epidemiology, the spread of a frequency
distribution is independent of its central location. Figure 2.4
illustrates three theoretical frequency distributions that have the
same central location but different amounts of spread. Measures of
spread will be discussed later in this lesson.

Figure 2.4 Three Distributions with Same Central Location but Different
Spreads
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x Variable

Shape

A third property of a frequency distribution is its shape. The
eraphs of the three theoretical frequency distributions in Figure 2.4
were completely symmetrical. Frequency distributions of some
characteristics of human populations tend to be symmetrical. On
the other hand, the data on parity in Figure 2.5 are asymmetrical or
more commonly referred to as skewed.
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Figure 2.5 Distribution of Case-Subjects by Parity, Ovarian Cancer
Study, CDC
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Data Sources: Lee NG, Wingo PA, Gwinn ML, Rubin GL, Kendrick J5, Webster LA, Ory HW.
The redluction in risk of ovarian cancer associated with oral contraceptive use. N EnglJ Med
1987;316: 6505,

Centers for Disease Control Cancer and Steroid Hormone Study. Oral contraceptive use and
the risk of ovarian cancer. JAMA 1983,249:1596-9.

A distribution that has a central location to the left and a tail off to
the right is said to be positively skewed or skewed to the right. In
Figure 2.6, distribution A is skewed to the right. A distribution that
has a central location to the right and a tail to the left is said to be
negatively skewed or skewed o the left. In Figure 2.6, distribution
C is skewed to the left.
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Figure 2.6 Three Distributions with Different Skewness
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SUMMARIZING DATA

Imagine that you work in a county health department and are faced with
two challenges. First, a case of hepatitis B s reported to the health
department. The patient, a 40-year-old man, denies having either of the
two common risk factors for the disease: he has never used injection drugs
and has been in a monogamous relationship with his wife for twelve years.
However, he remembers going to the dentist for some bridge work
approximately three months earlier. Hepatitis B has occasionally been
transmitted between dentist and patients, particularly before dentists routinely wore gloves.
Question: What proportion of other persons with new onset of hepatitis B reported recent
exposure to the same dentist, or to any dentist during their likely period of exposure?

Then, in the following week, the health department receives 61 death certificates. A new
employee in the Vital Statistics office wonders how many death certificates the health
department usually receives each week.

Question: What is the average number of death certificates the health department receives each
week? By how much does this number vary? What is the range over the past year?

If you were given the appropriate raw data, would you be able to answer these two questions
confidently? The materials in this lesson will allow you do so — and more.

Objectives

After studving this lesson and answering the questions in the exercises, you will be able to:
o Construct a frequency distribution
« Caleulate and interpret four measures of central location: mode, median, arithmetic
mean, and geometric mean
o Apply the most appropriate measure of central location for a frequency distribution
o Apply and interpret four measures of spread: range, interquartile range, standard
deviation, and confidence interval (for mean)

Major Sections

Organizing Data .
Types of Variables
Frequency Distributions..
Properties of Frequency Distributions
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A variable can be any
characteristic that differs
from person to person,
such as height, sex,
smallpox vaccination
status, or physical activity
pattern. The value of a
variable s the number or
descriptor that applies to a
particular person, such as
56" (168 cm), female, and
never vaccinated.

Organizing Data

Whether you are conducting routine surveillance, investigating an
outbreak, or conducting a study, you must first compile
information in an organized manner. One common method is to
create a line list or line listing. Table 2.1 s a typical line listing
from an epidemiologic investigation of an apparent cluster of
hepatitis A.

The line listing is one type of epidemiologic database, and is
organized like a spreadsheet with rows and columns. Typically,
each row is called a record or observation and represents one
person or case of disease. Each column s called a variable and
contains information about one characteristic of the individual,
such as race or date of birth. The first column or variable of an
epidemiologic database usually contains the person’s name,
initials, or identification number. Other columns might contain
demographic information, clinical details, and exposures possibly
related to illness.

Table 2.1 Line Listing of Hepatitis A Cases, County Health Department, January — February 2004

Date of
ID Diagnosis Town
o1 01/05
02 01/06
03 01/08
04 0119
05 01/30
06 0202
07 0203
08 02/05
09 0219
0 022
10223
12 0224
13 0226
4 0226
15 0227
16 0227
17 0227
18 0228
19 0228

20 0229

PMMEMMIGIPMO~TOOCRC®

Age IV IgM Highest
(Years) Sex Hosp Jaundice Outbreak Drugs Pos  ALT*
74 Moy N N N Y 22
29 MoON M N Y Y 285
37 MY Y N N Yo 3250
3 FooN N N N Y 1100
39 MoN M N N Y 4146
23 Moy Y N Y Y 17
19 Moy Y N N Y 300
4 MoON Y N N Y 766
28 MY N N Y Y 23
29 FooON M Y N Y 543
21 Fooy Y Y N Y 1897
43 MoN Y Y N Yo 1220
49 FooN N N N Y 644
42 FooN N Y N Y2581
59 Fooy Y Y N Y 2892
18 Moy N Y N Y 814
19 MoN M Y N Y 2802
63 Fooy Y Y N Y 48
61 Fooy Y Y N Yo 3410
40 MoN \ Y N Yo 497
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Icon of the Epi Info
computer software
developed at CDC

Some epidemiologic databases, such as line listings Tor a small
cluster of disease, may have only a few rows (records) and a
limited number of columns (variables). Such small line listings are
sometimes maintained by hand on a single sheet of paper. Other
databases, such as birth or death records for the entire country,
might have thousands of records and hundreds of variables and are
best handled with a computer. However, even when records are
computerized, a line listing with key variables is often printed to
facilitate review of the data.

One computer software package that is widely used by
epidemiologists to manage data is Epi Info, a free package
developed at CDC. Epi Info allows the user to design a
questionnaire, enter data right into the questionnaire, edit the data,
and analyze the data. Two versions are available:

Epi Info 3 (formerly Epi Info 2000 or Epi Info 2002) is
Windows-based, and continues to be supported and upgraded.
Tt is the recommended version and can be downloaded from
the CDC website: hitp://www.cdc.gov/epiinfo/downloads.htm.

Epi Info 6 is DOS-based, widely used, but being phased out.

This lesson includes Epi Info commands for creating frequency
distributions and calculating some of the measures of central
location and spread described in the lesson. Since Epi Info 3 is the
recommended version, only commands for this version are
provided in the text; corresponding commands for Epi Info 6 are
offered at the end of the lesson.




image4.tmp
Table 2.2 Types of Variables

Types of Variables

Look again at the variables (columns) and values (individual
entries in each column) in Table 2.1. If you were asked to
summarize these data, how would you do it?

First, notice that for certain variables, the values are numeric; for
others, the values are descriptive. The type of values influence the
way in which the variables can be summarized. Variables can be
classified into one of four types, depending on the type of scale
used to characterize their values (Table 2.2).

Scale Example Values

Nominal \ “categorical” or disease status ovarian yes / no

Ordinal / “qualitative” cancer Stage I, 11, I11, or IV

Interval \ “continuous” or date of birth tuberculin  any date from recorded time to current
Ratio / “quantitative” ‘skin test 0?22 of induration

+ A nominal-scale variable is one whose values are categories
without any numerical ranking. such as county of residence. In
epidemiology, nominal variables with only two categories are
very common: alive or dead, ill or well, vaccinated or
unvaccinated, or did or did not eat the potato salad. A nominal
variable with two mutually exclusive categories is sometimes
called a dichotomous variable.

+ An ordinal-scale variable has values that can be ranked but are
not necessarily evenly spaced, such as stage of cancer (see
Table 2.3).

« An inferval-scale variable is measured on a scale of equally
spaced units, but without a true zero point, such as date of birth.

+ A ratio-scale variable is an interval variable with a true zero
point, such as height in centimeters or duration of illness.

Nominal- and ordinal-scale variables are considered qualitative or
categorical variables, whereas interval- and ratio-scale variables
are considered quantitative or continuous variables. Sometimes
the same variable can be measured using both a nominal scale and
a ratio scale. For example, the tuberculin skin tests of a group of
persons potentially exposed to a co-worker with tuberculosis can





