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SPECIFICATIONS

INSTRUCTIONAL OBJECTIVES

Given a list or table of values and following this Guide. the student will be able
to use the appropriate procedure for computing the arithmetic mean.
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Public Health nurses, and sanitarians with a college degree or its equivalent.
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lPublic Health veterinarians, physicians, dentists, and other similarly related
_ Public Health workers with a college degree or its equivalent should also be
able to use thiS Guide except that the examples used in this booklet wig not
be relevant to this group.

2. With proper motivation and some additional effort, Public 'Health nurses and
sanitarians with a high school education should also be able to use this Guide.
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PREFACE
In response to a general need voiced by students and teachers alike, we have developed a self-
contained, job-oriented instructional package on Descriptive Statistics for the Health Professions.
This is not meant to be an exhaustive treatment of statistics in general; it is limited, first, to
descriptive .statistics and, second, to those concepts and techniques most needed by health pro-
fessionals working routinely with the basic statistical data. This attempt at job relatedness is
also reflected in the post-instmctional aimswe want the student to be able to put statistics to
practical use, not converse in highly theoretical terms.

Because we have sought operational relevancy and technical simplicity, two cautions are in
order:

(1) We have used health data in our examples in, order to put the nealth professional in
familiar surroundings. However, in our eagerness to keep the necessary basic math
simple and the text unencumbered, we may have in places stretched the plausibility
of re-tain health phenomena. Therefore, please don't take offense but rather remem-
ber that the health data is not intended to be authentic, only familiar.

(2) Also, in keeping with our simple, practical approach, highly complicated, technical
concepts, definitions, and techniques have been avoided. Whenever this approach has
conflicted with technical completeness, we have decided in favor of simplicity and
practicality if technical accuracy is not violated. (Therefore, professional statisticians,
please take note and do not hold your fellow professionalsour consulting statis-
ticiansresponsible for any instructional liberties.)

Descriptive Statistics for the Health Professions is concerned with only those statistics that are
generally classified as descriptive statistics:

(1) tables
(2) graphs
(3) descriptive ratios
(4) measurzs of central tendency
(5) measures of dispersion

The present booklet is a programmed self-instructional guide for the computation of the arith-
metic mean. This Guide should be used as a supplement to the lesson "Measures of Central
Tendency" and on those occasions when there is an actual need to compute a mean. The Guide
will be a quick and easy reference which will provide step-by-step directions for computing the
mean in most situations. Such a guide was developed :)ecause we have recognized:

(1) that statistics is used by many public health ptofessionals on such an occasional basis
that details of computation are easily forgotten or made vague through disuse, and

(2) that many statistics textbooks are too general or complex in statistical technique and
not specific enough in application to public health.

We feel strongly that this Guide, when properly used, shot-ad significantly reduce training time
and cost, reduce the public health professional's aversion to using statistics, and increase the
effectiveness with which statistics are applied.



HOW TO USE THIS GUIDE
Although this booklet may be used as a study tool in a formal training setting, it has
been designed for use as a guide when you are actually confronted with the need to
compute and use the arithmetic mean.

Before using the Guide, be sure to refer to page ix, "When to Use the Arithmetic Mean,"
to make sure you are using the proper statistic.

ll'he Guide also provides a condensed, simple reference on page xi, "Selecting the Correct
Computational Procedure," for use when you are unsure of the particular computational
prccedure to use and therefore cannot use the standard Contents page.

Each computational procedure covers several pages. The geceral comp.national PRO-
CEDURE is always given on the left-hand page (A) with an EXAMPLE given on the
right-hand page (B) which matches the general procedure step by step.

This Guide will prove effective if you follow the simple suggestions below:

(1) Use the information provided to select the proper computational procedure.

(2) Read a procedure step carzfully; study the example given for that step carefully;
then apply that step i`o the computation of your own statistic.



WHEN TO USE THE ARITHMETIC MEAN

The arithmetic mean is one of several meast:res of central tendency. It is commonly
referred to as the mean or, less precisely, as the average. Like all measures of central
tendency, the arithmetic mean is a single most typical value that may be used to represent
all the individual values in a particular distribution (group of persons, cases, measures,
etc.).

The arithmetic mean is one of the more mathematically useful measures of central
tendency. Because the value of every item or observation in the group is used in its
computation, we may say that in the physical sense, the mean is the balancing point of
a distribution of values.

However, if your group contains a few values which are much smaller or much Icrger
than most of the values, the mean will be biased Imrealistically in their favor and may
grossly misrepresent the typical value for the group. (In such instances you should
consider using the median or possibly the mode.)
To compute the arithmetic mean using this Guide you need only the complete list ai
values for your group. The next page will tell you how to select the correct computational
procedure for your data.

ix



SELECTING THE CORRECT COMPUTATIONAL
PROCEDURE

At this point it is assumed that the arithmetic mean is an appropriate statistic for you
to use and that you have adequate data. (If you are not sure, see page ix.) Now follow
the directions below for the correct procedure and its page number:

I. Are the values in your data discrete or continuous . . .

If discrete, this means that your values are indivisible units or counts, such as
a visit, a person, a pregnancy, an illness, an inspection, etc.any of these either
happened or they didn't. Go to II below.
if continuous, this means that your values may be measured and stated as por-
tions or fractions. For example, height, weight, age, millimeters of blood pres-
sure, etc.all of these con be stated in that form (fractional or whole number)
which can be most accurately approximated (measured) and most conveniently
used. Go to III below.

IL Estimate (or count) the number of values (counts, observations, cases, etc.) in
yot.:: list of data . . .

If you estimate less than 50, go to page 1A.
If you estimatt. 50 or more, go to IV below.

III. Estimate (or count) the number of values (counts, observations, cases, etc.) in
your list of data . .

If you estimate less than 50, go to page 3A.
If you estimate SO or more, go to V below.

IV. Subtract the smallest value in your list of data from the largest value . .

If the difference is less than 15, go to page SA.
If the difference i more than 14, go to page i0A.

V. Subtract the smallest value in your list of data from the largest value
(Note: Ignore any decimal points in your answer, e.g., treat 7.14 as if it were
714.) . . .

If the difference is less than 15, go to page 16A.
If the difference is more than 14, go to VI below.

VI. Are the values of your data rounded to the nearest unit or fraction of a unit . .

If so (and most values are), go to page 21A.
If not (age at last birthday is the most common such "non-rounded" value), go
to page 27A.



A I Arithmetic
II I Mean

FOR UNGROUPED, DISCRETE DATA THE PROCEDURE

1. You should be using this procedure only . . -

(a) if your data consists of less than 50 values (cases, observations, readings, etc.).
SEE EXAMPLE

(b) if the values of your data are discrete, i.e., cannot exist as portions or fractions.

SEE EXAMPLE .

2. The basic formula used for the computation of an arithmetic mean is:
X,CX =

For easy reference you may write this formula at the top of the paper on which you
are to do your computation.

SEE EXAMPLE
(For basic definition of symbols)



Arithmetic!
1 1BMean

FOR UNGROUPED, DISCRETE DATA AN EXAMPLE

1.
(a) The following is a list of the number of clinic visits made by each woman

admitted to prenatal service in Walker County who delivered during 1960:
2, 5, 1, 3, 2, 4, 5, 7, 3, 6, 1, 3, 4, 2, 5, 4, 3, 6. [Note that there are only 18
values (observations) in the list of data.]

4/111RETURN TO THE NEXT STEP IN THE PROCEDURE
(b) In the above data the values are discrete because a visit is indivisiblea

woman either made a visit or she didn't. Other types of discrete values are
births, deaths, fetal deaths, and inspections.

2. X refers to the arithmetic mean.
X refers to a single value.

W,C refers to the sum of M all the values (X).
N refers to the number of values.

>GO TO NEXT PAGE



2A1
Ungrouped,
Discrete Data

THE PROCEDURE (continued)

3. Find the total for all the values of your data; substitute this total for the sum of
values--Xin the formula.

SEE EXAMPLE

4. Count the number of values in your data and substitute this count for N in the
formula.

SEE EXAMPLE

5. To complete the computation, perform the division function indicated by the form-
ula. Because the values in your data are discrete you may round 'off your answer
(quotient) to as many decimal places as desired.

SEE EXAMPLE

6. ',rum now to page 33A for a general guide to the use of the arithmetic mean you
have just computed_

I THE END1
ARITHMETIC MEAN FOR UNGROUPED, DISCRETE DATA I



Ungrouped,
D'iscrete Data 2B

AN EXAMPLE (continued)
3. The sum of X, or total, for the values in our example [2, 5, 1, 3, 2, 4, 5, 7, 3, 6,

1, 3, 4, 2, 5, 4, 3, 6] is 66. That is, WC. = 66.
66Therefore X N

4. In our example there are 18 values listed.
nTherefore Tc

66XN 18

5. In our =ample:
66X N 18 3.6666-- ____ (for as n_any places as we wish)

= 3.7 visits (We think on e. place is enough.)

6. Turn now to page 33B for an example of the use of an arithmetic mean.

THE END
ARITHMETIC MEAN FOR UNGROUPED, DISCRETE DATA



Arithmetic
Mean

FOR UNGROUPED, CONTINUOUS DATA THE PROCEDURE

1. You should be using this procedure only . .
(a) if your data consists of less than 50 values (cases, observations, readings, etc.).

SEE EXAMPLE

(b) if the values of 7-ur are.e=ainuous; i.e., can be nanasuredl En fractional forM
on a continuous- scaTke_

S)--- EXAMPLE

2. The basic formula meld i_or the ccanputation of an arithmetic mean is:

X ==

For easy reference you may write this formula at the top of the paper on which you
are to do your computation.

SEE EXAMPLE
(For basic definition of symbols)



FOR UNGROUPED, CONTINUOUS DATA THE E: ,APLE

1.

IArithmatic faB
Mean '6°

(a) The following is a list of weights (to, the -net---est tenth of a pound) of two-
year- old males attending well-child confere Ifs in Upton County during the
month of April, 1960: 30.2, 24.6, 28.7, 33.4, 2.3, 22.2, 37.8, 31.9, 29.1, 21.1,
263, 32.3, 30.6, 28.5, 31.7, 32.4, 29.2, 30.3, 3 .7, 31.7, 28.6, 26.2, 30.2, 29.1.
[Note that there are only 24 values (weights) i the list of data.]

4/INIRETURN TO THE NEXT STEP IN THE PROCEDURE
(b) In the above data the values are continuous because weight is measured on a

continuous scale. Weight is stated in that form (fractional or whole number)
which can be most accurately approximated (measured) and most conveniently
used. We have chosen to measure (and state) our values to the nv;sest tenth
of a pound. Other types of continuous values are years of age, millimeters of
blood pressure, height, and length Of gestation.

2. X refers to the arithmetic mean.
X refers to a single value.

VC refers to the sum of M all the values (X).
N refers to the number of values.



4A 1

Ungrouped,
Continuous Data

THE PROCEDURE (continued)

3. Find the total for all the values of your data; substitute this total for the sum of
values--Xin the formula.

SEE EXAMPLE

4. Count the number of values in your data and substitute the count for N in the
formula.

SEE EXAMPLE

5. To complete the comPutation, perform the division function indicated by the formula.
Because the values in your data are continuous, you must round off rur answer
(quotient) to no more than the same number of decimal places in the original values.
If desirable, your answer could be rounded to have fewer decimal places than the
original values.

SEE EXAMPLE

6. Turn now to page 33A for a general guide to the use of the arithmetic mean you
have just computed.

THE END
ARITHMETIC MEAN FOR UNGROUPED, CONTINUOUS DATA



AN EXAMPLE (continued)

Ungrourped, I 4Br- ,Itinuows

3.

4.

5.

The sum of X, or total, for the values in our example
22.2, 37.8, 31.9, 29.1, 21.1, 26.7, 32.3, 30.6, 28.5,
31.7, 28.6, 26.2, 30.2, 29.1] is 707.2. That is, DC =

NX 707.2X

[30.2, "24.6, 733.4, 27.3,
'31.7, S24, ":>-2, 30.3, 33.7,

707.2.

707.2

Therefore N

In our example there are 24 values listed.

IX
37

N

707.2
Therefore = N

In our example:

N 24

Tc
NX 707.2
N 24 29.46666_ _

29.5 lb. (We round off at ler_slt to tlhe nearest
tenth of a pound because our criginal
values were stated to the nearest tenth;
or we could round to the nearest pound
if desired, that is, 29.46666_ ---=

29 lbs.)

6. Turn now to page 33B for an example of the use of an arithmetic amean.

FHB, ET47"D 1

IARITHMETIC MEAN FOR UNGROUPED, CONTINUOUS DATA I

--
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Arithmetic
Mean

FOR GROUPED (SINGLE VALUE), DISCRETE DATA THE PROCEDURE

1. You should be using this procedure only . .

(a) if your data consists of 50 or more values (cases, observations, readings, etc.).
SEE EXAMPLE

(b) if the values of your data are discrete, i.e., cannot exist as portions or fractions.
SEE EXAMPLE

(c) if the difference between the smallest value and the largest value is less than 15
(this means that the number of different values possible is not more than 15).

SEE EXAMPLE

2. The formula to be used to compute the arithmetic mean is:
5-c

For easy reference you may write this formula at the top of the paper on which you
are to do your computation.

SEE EXAMPLE
(For basic definition of symbols)



FOR GROUPED (SINGLE VALUE), DISCRETE DATA - AN EXAMPLE

1.

Arithm Ietic 5B
Mean

(a) The following is a list of the number of previous pregnancies for women
admitted to preizatal services in Yasper County during the calendar year 1960:
0, 3, 1, 0, 2, 1, 0, 0, 2, 1, 0, 5, 1, 0, 1, 2, 4, 0, 3 ii, 1, 1, 3, 5, 0, 1, 4, 9, 2, 3, 0,
0, 1, 2, 2, 3, 0, 1, 4, 3, 4, 3, 0, 1, 0, 1, 0, 2, 3, 0, 2, 1, 0, 4, 3, 2, 0, 1, 2, 2. [Note
that there are 60 values (observations) in the list of data.]

(iall RETURN TO THE NEXT STEP IN THE PROCEDURE
(b) In the above data the values are discrete because a pregnancy is indivisible-a

woman is either pregnant or she's not. Other types of discrete values are births,
deaths, fetal deaths, cases, visits, and inspections.

(c) In our above list of data, the smallest value is 0 and the largest value is 9;
the difference between these values is 9. Therefore, only 10 different values
are possible in the list (9 - 0 -I- 1 -.,_ 10); actually only 0, 1, 2, 3, 4, 5, and 9
(seven values) occur and are repeated one or more times.

2. X refers to the arithmetic mean.
X refers to a single value.
f refers to the frequencies with which values occur.

N refers to the total number of values.
2f refers to the sum of (2) all the frequencies (f)-Note: N = 2f.

2fX refers to the sum of (2) the frequency (f) times the single value (X) to
which it refers.

>1 GO TO NEXT PAGE



Grouped (Single Value),
Discrete Data

THE PROCEDURE (continued)

3. For convenience in computation, prepare a worktable as follows:
(a) Though not always essential, a title that clearly describes the content is some-

times desired. If the table is to be used for general communication (published,
etc.) then it should contain the What (the group being studied), How (the char-
acteristics of the group being allowed to vary), Where (the area in which the
data was gathered), and When (the time period in which the data was gathered)
in that order.

SEE EXAMPLE

(b) Draw two parallel lines (the head) about one inch apart directly below
the worktable title; then divide the head and the rest of the page into three
equal columns.

SEE EXAMPLE

(c) In the head of the first column write the name of the value being considered
and the single value symbol "X."

SEE EXAMPLE

(d) In the head of the second column write the name of that which reflects the fre-
quency with which a single value oecurs; include the symbol "f."

SEE EXAMPLE -

(e) In the head of the third column write only the symbol "fX."
SEE EXAMPLE



AN EXAMPLE (continued)

3.

Grouped (Single Value), nEl
Discrete Data 1.0

(a) We have decided to use a formal (publishable) title for our worktable below;
compare it with the original statement given in Step 1(a), page SD . . . .

Notice that the information is listed in order: What, How, Where, When.

(b) Heads

And

Columns

WHAT HOW

WORKTABLE: Women Admitted to Prenatal Service, by Number
of Previous Pregnancies, Jasper County, 1960

WHERE WHEN

Number of Previous
Pregnancies

X

HOW

Number of Women

) We have written in the name of the value being
considered and the single value symbol "X."

(d) The number of women having a certain number of previous preg-
nancies reflects the frequencies (f) with which values (previous
pregnancies) occur in our list of data.

(e) We have labeled the third column simply "DC."



7A Grouped (Single Value),
Ii ra Discrete Data

THE PROCEDURE (continued)

3. (Worktable construction continued)

(g)

-

In the X column, starting with the lowest value in your data, list consecutively
all the possible single values up to, and including, your data's highest value.
Important: write each possible single value only once.

SEE EXAMPLE

In the f column, for each single value listed in the X column, write the number
of times (frequency) that the single value occurs in your list of data.

SEE EXAMPLE Do-

(h) In the fX column, for each single value listed, write the products of the f
column times the X column.

SEE EXAMPLE



Grouped (Single Value),
Discrete Data'

AN EXAMPLE (continued)

3. (Worktable construction continued)

7B

WORKTABLE: Women Admitted io Prenatal Service, by Number
of Previous Pregnancies, Jasper County, 1960

Number of Previous
Pregnancies

X

Number of Women

f fX

1 8 0

1 15 15

2 11 22

3 8 24

4 5 20

5 2 10

6
7
8

1

(f) We have listed all the possible single values between our
lowest (0) and our highest (9). (Each value is listed
only once.)

(g) The number of women having a particular number of previous preg-
nancies is listed as the frequency with which that number of previous
pregnancies occurs; that is, 18 women had no previous pregnancy,
15 women had one previous pregnancy, etc.

(h) We have multiplied each single value (X) by its frequency (f) and entered
the product in the fX column; that is, 18 times 0 is 0; 15 times 1 is 15; 11
times 2 is 22; etc.



8AI

Grouped (Single Value),
Discrete Data

THE PROCEDURE (continued)

3- (Worktable construction continued)

(i) Draw two parallel lines (for totals) about 1/2 inch apart directly below the last
single values listed.

SEE EXAMPLE

(j) Between the parallel lines and beneath the last single value listed in your
X column, write "TOTAL."

SEE EXAMPLE

(k) Add the frequencies listed in your f column and write the total in the TOTAL s
row; label the total "N."

SEE EXAMPLE --------

(1) Add the products listed in the fX column and enter the total in the TOTAL s
row; label the total "fX." -

SEE EXAMPLE



AN EXAMPLE (continued)

3. (Worktable construction continued)

(i) Totals

IGrouped (Single Value), QB
Discrete Data U

WORKTABLE: Women Admitted to Prenatal Service, by Number
of Previous Pregnancies, Jasper County, 1960

Number of Previous
Pregnancies

X

Number of Women

f fX

18 0

1 15 15

2 11 22

3 8 24
4 5 20

5 10

6
7
8
9 1. 9

TOyAL N=60 XfX =-- 100

F-
(j) We have labeled the totals row.

(k) We have added all our individual frequencies (f) and written the
total with its appropriate symbol. You could get the same number
(60) if you counted the number of values in our original list of
data (see Step la, page 513).

(1) We have added all the
appropriate symbol.

individual products and written the total with its



9A 1

Grouped (Single Value),
Discrete Data

THE PROCEDURE (continued)

4. Substitute the totals from your worktable into the computational formula for the
mean:

fX

SEE EXAMPLE 1

To complete the computatiam, tLrform the division function indicated by the formula.
Because the values in your ctata are discrete, you may round off your answer
(quotient) to as many decimal places as desired.

SEE EXAMPLE

6. Turn now to page 33A for a general guide to the use of the arithmetic mean you
have just computed.

THEENT;
.1 ARITHMETIC MEAN FOR GROUPED (SINGLE VALUE), DISCRETE DATA 1



AN EXAMPLE (continued)

4.

Grouped (Single Value), I aB
Discrete Data 4°

WORKTABLE: Women Admitted to Prenatal Service, by Number
of Previous Pregnancies, Jasper County, 1960

Number of Previous
Pregnancies

X

Number of Women

f fX

0 18

1 15
-.0.-...._.-------

9.47--.--------

TOTAL N=60 VX=100

5. In our example:

X ----- f.5C U60 R) 1.6666_ _ (for as many places as we wish)
N

1.7 pregnancies (We think one place is enough.)

6. Turn now to page 3313 for an example of the use of an arithmetic mean.

I THE END

I ARITHMETIC /v.thAN FOR GROUPED (SINGLE VALUE), DISCRETE DATA



Arithmetic
Mean

FOR GROUPED (INTERVAL), DISCRETE .DATA THE PROCEDURE

1. You should be using this procedure only . . .

(a) if your data consists of 50 or more values (cases, observatiotes_ readings, etc.).
SEE EXAMPLE

(b) if the values of your data are discrete; i.e., cannot exiSt as portions or fractions.
SEE EXAMPLE

(c) if the differenmletween the smallest value and the largest yak.= is more than 14
(this means thmt..the number of different values possible is mcorm than 15).

SEE EXAMPLE

2. The formula to be used to compute the arithmetic anean is:

X =

For easy reference you may write this formula at the top of the paper on which you
are to do your computation.

SEE EXAMPLE
For basic definition of symbols)

'



FOR GROUPED (INTERVAL), DISCRETE DATA AN EXAMPLE

1.

Arithrnetk
10BMean

(a) The following is a list of the attendance iumber of children1 at each well-
child clinic held in Jones County d-aring rue fiscal year ending :Jame 30, 119160:

14, 16, 18, 20, 17, 19, 21, 24, 22, 27, 28, 26, 33, 24, 4.. 34, 39, 42,

37, 34, 36_ 48, 35, 38, 32, 39, 44, 36, 54, 37, 32, 31, 1.1, 30, 132, 33, 31,

32, 30, 28, 27, 26, 29, 23, 19, 24, 20, 22, 21, 20, 15, 18, 1 15, 11, 13,

11, 12, 11.. [Note that there are 60 vakues (observations) in that list of data.]

4111ERETURN TO THE NEXT STEP IN THE PROCEDURE
(b) In the above data the values are discrete because an attendance 'at the clinic is

indivisible-a child either attended or he didn't. Other types of discrete values

are births, deaths, fetal deaths, cases, visits, inspections, and preguancies.

(0) In our above list of data, the smallest value is 11 and the limrpst value is
48; the difference between these values is 37. Therefore, itaccre then 15
different values are possible in the list; actually 38 different valums. are 'possible
(48 - 11 ± 1 = 38).

2. X refers to the arithmetic mean.
X refers to a single value (in the present case it will be an interval midpoint).
f refers to the frequencies with which values occur.

N refers to the total number of values.
Nf refers to the sum of (a) all the frequencies (f)-Note: N = v.

WX refers to the sum of (N) the frequencies (f) times the single value (X)
to which it refe...

IGO TO NEXT PAGE



11A
Grouped (Interval),
Discrete Data

THE PROCEDURE (continued)

3. For convenience in computation, prepare a worktable as follows:
(a) Though not always essential, a title that clearly describes the content is some-

times desired. If the table is to be used for general communication (publih?..led,
etc.) then it should contain the What (the group being studied), How (the char-
acteristics of the group being allowed to vary), Where (the area in which the
data was gathered), and When (the time period in which the data was gathered)
in that order.

SEE EXAMPLE

(b) Draw two parallel lines (the head) about one inch apart directly below the
worktable title; then divide the head and the rest of the page into four equal
columns.

SEE EXAMPLE

(c) In the head of the first column write the name of the value being considered.
SEE EXAMPLE

(d) In the head of the second column write the name of that which reflects the fre-
quencies with which values occur; include the symbol "f."

SEE EXAMPLE

(e) In the head of 'the third column, write the word "Midpoint" and the single
value symbol "X," which in this case will be represented by the interval mid-
point.

SEE EXAMPLE

(f) In the head of the fourth column write only the symbol "fX."
SEE EXAMPLE



Grouped (Interval),
Discrete Data

AN EXAMPLE (continued)
3.

(a) We have decided to use a formal (publishable) title for our worktable below;
compare it with the original statement given in Step 1(a), page LOB. . . . Notice
that the information is listed in order: What, How, Where, When

(b) Headp

and

dolumns

11B

WHAT HOW

WORKTABLE: Distribution of Well-Child Clinics, by Number of
Children Attending, Jones County, Year Ending June 30, 1960

HOW .MHERE WHEN

Number of
Children.

Number of
Clinics Midpoint

X fX

(c) We have written in the name of the value
being considered.

(d) The number of clinics having a certain number -of

children attending reflects the frequency (f) with which
values (attendance number) occur in our list of data.

A

(e) We have labeled the third coluinn "Midpoint" and included the sym-
bol "X."

(f) We have labeled the fourth column simply "fX."



12A1
Grouped (Interval),
Discrete Data

THE PROCEDURE (continued)

3. (Worktable construction continued)

(g) List your values in the first column of the worktable so that you will have
from 7 - 15 intervals. To determine interval size subtract your lowest value
-from the highest, divide by 10, and round off to the nearest whole number.
Your smallest value should be included in your first interval as either the lower
limit of the interval or as some value within the interval; your largest value
should be included in the last interval.
[NOTE: Some latitude is allowed in deciding the actual interval size. The above
computational method gives you an approximate interval size that can be used.
However, you may increase or decrease the actual interval Size as long as you
do not exceed the 7 -15 limit on the number of intervals. This flexibility per-
mits you to select an interval size that is more readable (e.g., 5) for tables that
are to be published. IMPORTANT: This practice should not he abused
computationally, it is best to have the smallest possible interval size.]

SEE EXAMPLE



AN EXAMPLE (continued)

3. (Worktable constructi,m continued)

(g)

1Grouped (Interval),
Discrete Data I

WORKTABLE: Distribution of Well-Child Clinics, by Number of
Children Attending, Jones County, Year Ending June 30, 1960

Number of Number of
Children Clinics Midpoint

X fX

20 - 24
25 - 29
30 - 34
35 - 39
40 - 44
45 49

The smallest value in our data is 11 children; the largest is 48 children; there-
fore (48 11) 10 = 3.7 or 4 children is the computed interval size. How-
ever, we decided to increase the actual interval size to 5 children since it would
make the table more readable and still produce at least 7 intervals (and less
than 16). Again for readability, we decided to make the lower limit of the
first interval 10 children. To actually determine the interval, the value 10 was
listed to the left in the first column; then the interval size "5" was successively
added until the interval was produced that would include our largest value 48
children. Once the lower limit of each interval was written, we wrote in the
upper limits.
[NOTE: To make our table more appropriate computationally, we would have
used the 4 unit interval size as follows:

11 - 14
15 -18
19 - 22
23 - 26
27 - 30
31 - 34
35 - 38
39 - 42
43 - 46
47 - 50

10 intervals Notice that we would still have had less than the
maximum (15) number of intervals recommended.]
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Grouped (Interval),
Discrete Data

THE PROCEDURE (continued)

3. (Worktable construction continued)

(h) In the f column, for each interval listed in the first column, write the number
of values in your data that fall within the interval; this will give you your
interval frequency.

SEE EXAMPLE

(i) In the X column enter the midpoint of each interval; this single value (mid-
point) is found by adding the lower limit and upper limit of each stated interval
and dividing the sum by 2.

SEE EXAMPLE

(i) In the fX column, for each midpoint value listed, enter the products of the f
column times the X column.

SEE EXAMPLE



Grouped (interval),
13BDiscrete Data

AN EXAMPLE (continued)

3. (Worktable construction continued)

WORKTABLE: Distribution of Well-Child Clinics, by Number of
Children Attending, Jones County, Year Ending Jung 30, 1960

Number of
Children

Number of
Clinics Midpoint

X fX

10 - 14

15 - 19

20 - 24

25 - 29

30 - 34

35 - 39

40 - 44

45 - 49

242

216

448

296

126

47

(h) The number of clinics whose ittendance count falls
within each interval is written beside that interval in the
f column. That is, 6 clinics had between 10-14 chil-
dren attend during the year, 9 clinics had 15-19 children
attend, etc.

1

(i) To find the midpoint of each interval we added the lower limit and
upper limit of each stated interval and divided by 2. That is,

10 ± 14 15 -I- 19
12; 17 , etc.

2 2

(j) We have multiplied each single value X (midpoint) by its interval frequency and
entered the products in the fX 1umn. That is, 12 times 6 is 72; 17 times 9
:Is 153; etc.



14A 1

Grouped (Interval),
Discrete Data

THE PROCEDURE (continued)

3. (Worktable construction continued)

(k) Draw tctro parallel lines (for totals) about 1/2 inch apart directly below ihe
last interval listed.

SEE EXAMPLE ---

(1) Between the parallel lines and beneath the last interval listed in your first column,
write "TOTAL."

SEE EXAMPLE ---------

(m) Add the frequencies listed in your f column and write the total in the TOTAL s
row; label the total "N."

SEE EXAMPLE

(n) Add the products listed in the fX column and enter the total in the TOTAL s
row; label the total "fX."

SEE EXAMPLE



AN EXAMPLE (continued)

3. (Worktable construction continued)

(k) Totals

Grouped (interval),
Discrete Data 14B

WORKTABLE: Distribution of Well-Child Clinics, by Number of
Children Attending, 'Jones County, Year Ending June 30, 1960

Number of
Children

Number of
Clinics

f
Midpoint

X Di

10 - 14 6 12 72

15 - 19 9 1 7 153

20 - 24 11 22 242

25 - 29 8 27 216

30 - 34 14 32 448

35 - 39 8 37 296

40 - 44 3 42 126

45 - 49. 1 47 47

TOTAL N =60 1fX -= 1600
I

(1) We have labeled the totals row.

(m) We have added all our individual frequencies (if) and written the
total with its appropriate symbol. You could get tbe same total
(60) if you counted the number of values in our original list of
data (see Step 1(a), page 1013).

(n) We have added all the individual products and written the total with its appro-
priate symbol.
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Grouped (Interval),
Discrete Data

THE PROCEDURE (continued)

4. Substitute the totals from your worktable into the computational formula for the
mean:

k-
N

SEE EXAMPLE

5. To complete the computation, perform the division functions indicated by the for-
mula. Because the values in your data are discrete,you may round off your answer
(quotient) to as many decimal places as desired.

SEE EXAMPLE

6. Turn now to page 33A for a general guide to the use of the arithmetic mean you

have just computed.

THE END

ARITHMETIC MEAN FOR GROUPED (INTERVAL), DISCRETE DATA



AN EXAMPLE (continued)

4.

Grouped (Interval),I
Discrete Data

WORKTABLE: Distribution of Well-Child Clinics, by Number of
Children Attending, Jones County, Year Ending -lune 30, 1960

Number of
Children

Number of
Clinics

f
Midpoint

X fX

10 - 14 6 12 . 72

15 - 19 9 17 153

11 22 242 ..----"

-..-----""

45 - 49 1 47 47

TOTAL N = 60 VX .7=1600

1600
N 60

5. In our example:
loo

N 60
26.6666 __ (for as many places as we wish)

= 26.7 children per clinic (We think one place is enough.)

6. Turn now to page 33B for an example of the use of an arithmetic mean.

THE END I

ARITHMETIC MEAN FOR GROUPED (INTERVAL), DISCRETE DATA

39



1 6A 1

Arithmetic
Mean

FOR GROUPED (SINGLE VALUE), CONTINUOUS DATA THF PROCEDURE

1. You should be using this procedure only . . .

(a) if your data cons:sts of 50 or more values (cases, observatioas, readings,
counts, etc.).

*SEE EXAMPLE

(b) if the values of your data are continuous, i.e., can be measured in fractional
form on a continuous scale.

SEE EXAMPLE -1111..

(c) if, when assuming for the momont that the continuous values of your data
are discrete and ignoring all decimal points, the difference between the
smallest value given and the largest value given is less than 15 (this means
that the number of different major values possible is not more tharL 15).

SEE EXAMPLE

2. The formula used to compute the arithmetic mean is:

.57

For easy reference you may write this formula at the tc..13 of the paper on which
you are to do Your computation.

SEE EXAMPLE
(For basic definition of symbols)



FOR GROUPED (SINGLE VALUE), CONTINUOUS DATA -AN EXAMPLE

1.

Arithmetic
16BMean

(a) The following is a list of the heights to the nearest inch of 2-year-old children
attending well-child clinics in Jones County during the months April-June, 1960:
34, 38, 35, 36, 40, 39, 37, 35, 38, 36, 37, 39, 42, 33, 37, 34, 40, 32, 35,
34, 36, 38, 35, 39, 41, 37, 39, 38, 36, 38, 33, 37, 36, 39, 36, 35, 37, 34,
35, 37, 36, 38, 35; 36, 37, 34, 36, 38, 39, 36, 35, 34, 36, 33, 34, 36, 37,
35, 36, 33. [Note that there are 60 values (measurements) in the list of data.]

+RETURN TO THE NEXT STEP IN THE PROCEDURE
(b) In the above data the values are continuous because height is measured on a

continuous scale. Height is stated in that form (fractional or whole number)
which can be most accurately approximated (measured) and most con-
veniently used. We have chosen to measure (and state) our values to the
nearest whole inch. Other types of continuous values arc years of age, milli-
meters of blood pressure, weight, and length of gestation.

(c) Although the values in our above list of data are continuous, if we assume for
the moment they are discrete then the difference between the smallest value
given (32 inches) and the largest value given (42 inches) is "10." Therefore,
only 11 different major values are possible (42 - 32 + 1 = 11) [NOTE: In
this type of computation decimal points are ignored, e.g., 1.042 and 1.032 would
be treated as whole numbers 1042 and 1032.1

2. X refers to
X refers to
f refers to

N refers to
refers to

fX refers to

the arithmetic mean.
a single value.
the frequencies with
the total number of
the sum of () the
the sum of M the

to which it refers.

which vialues occur.
values.
frequencies (1)-Note:. N
frequencies (f) times the single value (X)

GO TO NEXT PAGE



1 m Grouped (Single Value),I
Continuous Data

1HE PROCEDURE (continuc-4)

3. For convenience in computation, prepare a worktable as follows:
(a) Though not always essential, a title that clearly describes the content is some-

times desired. If the table is to be used for general communication (published,
etc.) then it should contain the What (the group being studied), How (the char-
acteristics of the group being allowed to vary), Where (the area in which the
data was gathered), and When (the time period in which the data was gathered)
in that order.

SEE EXAMPLE

(b) Draw two parallel lines (the head) about one inch apart directly below
the worktable title; then divide the head and the rest of the page into three
equal columns.

SEE EXAMPLE

(c) In the head of the first column write the name of the value being considered,
the unit by whisin it is being measured, and the single value symbol "X."

SEE EXAMPLE Jo-

(d) In the head of the second column write the name of that which reflects the
frequencies with which values occur; include the symbol "f."

SEE EXAMPLE

(e) In the head of the third column write only the symbol "DC."

SEE EXAMPLE



18A 1

Grouped (Single Value),
Continuous Data

THE PROCEDURE (continued)

3. (Worktable construction continued)

(f) In the X column, starting with the lowest value in your data, list consecutively
all the possible major values up to, and including, your data's highest value.
[NOTE: By using only the major values, you are giving your continuous data
a discrete treatment.]

SEE EXAMPLE

(g) In the f column, for each single value listed in the X column, write the number
of times (frequency) that the single value occurs in your list of data.

SEE EXAMPLE

(h) In the fX column, for each single value listed, enter the products of the f col-
umn times the X column.

SEE EXAMPLE

7



AN EXAMPLE (continued)

3.

Grouped (Single Value),
17BContinuous Data I

(a) We havc decided to use a formal (publishable) title for our worktable below;
compare it with the original statement given in Step 1(a), page 16B. . . . Notice
that the information is listed in order: What, How, Where, When.

(b) Head,s

ailumns

WORKTABLE:
Child Clinics,

WHAT

WHAT

Distribution of 2-Year-Old Children Attending Well-
by Height in Inches, Jones County, April-June, 1960

HOW WHERE WHEN

Height in Inches
X

Number of Children I
fX

711MV

(c) We have written in the name of the value being con-
sidered (height), the unit by which it is being measured
(inches), and the single value symbol "X."r

(d) The number of children having a certain height reflects the fre-
quencies (f) with which values (height) occur in our list of data.

(e) We have labeled the third column simply "fX."

4 3



Grouped (Single Value),
Continuous Data

AN EXAMPLE (continued)

3. (Worktable construction continued)

18B

WORKTABLE: Distribution of 2-Year-Old Children Attending Well-
Child Clinics, by Height in Inches, Jones County, April-June, 1960

Height in inches
X

Number of Children
f fX

32 1 32

33 . 4 132

34 7 238

35 9 315

36 13 468

37 9 333

38 7 266

39 6 234

40 2 80

41 1 41

42

(f) We have listed all the possible major single values be-
tween our lowest (32) and our highest (42). [There are,
of course, an unlimited number of possible values between
32 arid 42 more fractio !than those listed.]

(g) The number of children having a particular height is listed as the
frequency with which that height occurs; that is, 1 child was 32
inches tall, 4 children were 33 inches tall, etc.

(h) We have multiplied each single value(X) by its frequency (f) and entered the
product in the fX column; that is, 1 times 32 is 32; 4 times 33 is 132, etc.

J1:45
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Grouped (Single Value),
Continuous Data

THE PROCEDURE (continued)

3. (Worktable construction continued)

(i) Draw two parallel lines (for totals) about 1/2 inch :ipart directly below the last
single values listed.

SEE EXAMPLE

(j) Between the parallel lines and beneath the last single value listed in your
X column, write "TOTAL."

SEE EXAMPLE

(k) Add the frequencies listed in your f column and write the total in the TOTAL s
row; label the total "N."

SEE EXAMPLE

(1) Add the products listed in the fX column and enter the total in the TOTAL s
row; label the total ":VX."

SEE EXAMPLE



AN EXAMPLE (corviinued)

3. (Worktable construction continued)

(.i) Totals

Grouped (Single Value),
-19BContinuous Data

WORKTABLE: Distribution of 2-Year-Old Children Attending Well-
Child Clinics, by Height in Inches, Jones County, April-June, 1960

Height in Inches
X

Number of Children

32 1

33 4

34 7

35 9

36 13

37 9

38 7

39 6

40 2

41 1

42 1

TOTAL

(j) We have labeled the totals row.

N=60
A

fX

32

132

238

315

468

333

266

234

80

41

42

fX=2181

(k) We haVe added all our individual frequencies (MO and written the
total with its appropriate symbol. You could get the same total (60)
if you counted the number of values in our original list of data (see
tep 1(a), page 16B).

(1) We have added all the individual products and written the total with its
appropriate symbol.



20AI

Grouped (Single Value),
Continuous Data

THE PROCEDURE (continued)

4. Substitute the totals from your worktable into the computational formula for the
mean:

SEE EXAMPLE 10-

5. To complete the computation, perform the division function indicated by the formula.
Because the values in your data are continuous, you must round ofl your answer
(quotient) to no more than the same number of decimal places in the original values.
If desirable, your answer could be rounded to have fewer decimal places than the
original values.

SEE EXAMPLE

6. Turn now to page 33A for a general guide to the use of the arithmetic mean you
have just computed,

FITIE END 1

[ARITHMETIC MEAN FOR GROUPED (SINGLE VALUE), CONTINUOUS DATA



AN EXAMPLE (continued)

4.

Grouped (Single Value), I
Continuous Data 20B

WORKTABLE: Distribution of 2-Year-Old Children Attending Well-
Child Clinics, by Height in Inches, Jones County, April-June, 1960

Height in Inches
X

Number of Children
f fX

32 1 32

33 132

---------.........,...._.
r--------Ti2'.7---------- 1

............:-----
42

TOTAL N----60 .VX--=.2181

5. In zllir example:
IfX 2181

60

2181
N 60

36.35
36. inches (We round off at least to the nearest whole

number because our originat values were
stated to the nearest whole inch.)

6. Turn now to page 33B for an example of the use of an arithmetic mean.

THE END
ARITHMETIC MEAN FOR GROUPED (SINGLE VALUE), CONTINUOUS DATA
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Arithmetic
Mean

FOR GROUPED (INTERVAL), CONTINUOUS DATA (ROUNDED) THE PROCEDURE

1. You should be using this procedure only . . .

(a) if your data consists of 50 or more values (cases, observations, readings, etc.).

SEE EXAMPLE

(b) if the values of your data are rounded to the neat...tA unit or fraction of a unit
(most values are of this type\ .

SEE EXAMPLE o-

(c) if the values of your data are continuous, i.e., can be measured in fractional
form on a continuous scaTe.

SEE EXAMPLE

(d) if, when assuming for the moment that the continuous values of the data are
discrete and ignoring all decimal points, the difference between the smallest
value given and the largest value given is more than 14 (this means that the
number of different major values possible is more than 15).

SEE EXAMPLE DR-

2. The formula used to compute the arithmetic mean is:
fXX

For easy reference you may write this formula at the top r-f the paper on which you
are to do your computation.

SEE EXAMPLE
(For basic definition of symbols)



Arithmetic
2113Mean

FOR GROUPED (INTERVAL), CONTINUOUS DATA (ROUNDED) AN EXAMPLE

1.
(a) The following is a list of weights to the nearest tenth at birth for live births

occurring during 1960 to parents who are residents of Jones County:
3.4, 4.9, 5.6, 11.6, 8.5, 9.1, 7.6, 8.2, 6.7, 7.4, 6.0, 6.5, 9.6, 9.8, 10.0, 7.5, 8.3, 7.7,
8.1, 7.6, 6.2, 7.9, 8.0, 6.8, 7.4, 6.9, 7.2, 5.0, 5.9, 6.2, 10.9, 9.7; 8.4, 9.2, 8.8., 8.0,
7.8, 8.2, 7.6, 7.5, 9.2, 6.6, 7.4, 7.1, 8.3, 8.1, 7.5, 7.7, 8.2, 9.1, 8.5, 4.9, 6.3, 5.9,
7.8, 8.1, 7.9, 8.0, 7.6, 6.8, 7.2, 10.5, 9.4, 8.7, 9.2, 6.8, 7.0, 7.2, 6.3, 5.9. [Note
that there are 70 values (observations) in the list of data.]

44fern RETURN TO THE NEXT STEP IN THE PROCEDURE
(b) The values in our data are weights and are rounded to the nearest tenth of. a

pound. Other such values are age at nearest birthday, millimeters of blood
pressure, heights, etc.

(c) In the above data the values are continuous because weight is measured on a con-
tinuous scale. Weight is stated in that form (fractional or whole number) which
can be most accurately approximated (measured) and most conveniently used.
We have chosen to state our values to the nearest tenth of a pound. Other
types of continuous values are age, millimeters of blood pressure, heights, length
of gestation, etc.

(d) Although the values in our list of data are continuous, if we assuate for the
moment they are discrete, then the difference between the smallest value given
(3.4 lbs.) and the largest value given (11.6 lbs.) is 82. [NOTE: In this type
of computation decimal points are ignored, i.e., whereas 11.6 3.4 would
ordinarily e said to be 8.2, we treat the values as though they were 116 34
to get 82.] Therefore, -nore than 15 different major values are possible; actually,
83 different major values are possible (116 34 ± 1 = 83).

2. X refers to the arithmetic mean.
X refers to a. single value (in the present case it will be an interval midpoint).
f refers to ti frequencies with which values occur.

N refers to th total number of values.
Y.,f refers to the sum of () the frequencies (f)--Note: N = f.
fX refers to the sum of () the frequencies (f) times the single Nialue (X) to

which it refers.

>F
TO NEXT PAGE



Grouped (Interval),
Continuous Data (Rounded)

THE PROCEDURE (continued)

3. For convenience in computation, prepare a worktable as follows:
(a) Though not always essential, a title that clearly describes the content is some-

times desired. If the table is to be used for general communication (published,
etc.) then it s'Iould contain the What (the group being studied), How (the char-
acteristics of the group being allowed to vary), Where (the area in which the
data was gathered), and When (the time period in which the data was gathered)
in that order.

SEE EXAMPLE

(b) Draw two parallel lines (the head) about one inch apart directly below the
worktable title; then divide the head and the rest of the page into four equal
columns.

SEE EXAMPLE -

(c) In the bead of the first column write the name of the value being considered
and the unit by which it is being measured.

SEE EXAMPLE

(d) In the head of the second column, write the nare of that which reflects the
frequencies with which values occur; include the symbol "f."

SEE EXAMPLE

(e) In the head of the third column, write the word "Midpoint" and the single
value symbol "X," which in this case will be represented by the interval midpoint.

SEE EXAMPL...,

(f) In the head of the fourth column write only the symbol "fX."
SEE EXAMPLE



Grouped (Interval), 22BContinuous Data (Roureed)

AN EXAMPLE (continued)

3.
(a) We have decided to use a formal (publishable) title for our worktable below;

compare it with the original statement given in Step 1W page 21B . . . .

Notice tnat the information is listed in order: What, How, 7,v ',.cre, When.

(b) Heaz:3

nd

dolumns

WHAT HOW

WORKTABLE: Resident Live Births,--b7Wth Weight,
Jones County, 1960

WHERE WHEN

Birth Weight
in Pounds

Number of
Live Births Midpohlt

X

(c) We have written in the name of the value
being considered (birth weight) and the unit
by which it is being measured (pounds).

(d) The number of live births having a certain birth weight
reflects the frequencies (f) with which values (birth
weight) occur in our list of data.

rM:1CAININ

(e) We have labeled the third column "Midpoint" and included the sym-
bol "X."

(f) We have labeled the fourth column "fX."



23AIGrouped (interval),
Continuous Data (Rounded)

THE PROCEDURE (continued)

3. (Worktable construction continued)

(g) List your values in the first column of the worktable so that you 'will have from
7 -15 intervals. To determine interval size subtract your lowest value from
the highest, divide by 10, and round off to the same number of decimal places
as in your original values. Your smallest value should be included in your
first interval as either the lower limit of the interval or as some value within
the interval; your largest value should bq included in the last interval.
[NOTE: Some latitude is allowed in deciding the actual interval size. The above
computational method giw:s you an approximate interval size that can be used.
However, yc.,u may increase or decrease the actual interval size as long or you
do not exceed the 7 -15 limit on the number of inrervals. This flexibility per-
mits you to select an interval size that is more readable (e.g., 5) for tables that
are to be published. 1N1PC. RTANT: This practice should not be abusedcom-
putationally, it is best to have the smallest possible interval size.]

SEE EXAMPLE



Grouped (Interval),
Continuous Data (Rounded)

AN EXAMPLE (continued)

3. (W1rktable constructior continued)

23B

WORKTABLE: Resident Live Births, by Birth Weight,
Jones County, 1960

Birth Weight
in Pounds

Number of
Live Births

f
Midpoint

X fX

3.0 - 3.9

4.0 - 4.9

5.0 - 5.9
---

6.0 - 6.9

7.0 - 7.9

8.0 - 8.9

9.0 - 9.9

10.0 - 10.9

11.0 - 11.9

(g) The smallest value in our data is 3.4 lbs.; the largesf.: is 11,6 ' 'herefore,
(11.6 - 3.4) 10 = 0.82 or 0.8 lbs. is the computed interval s. however,
we decided to increase the actual interval size to 1.0 lbs. since this would make
the table more readable and sti:i produce at least 7 intervals (and less than 16).
Again for readability, wr.: decided to make the lower limit of the first interval
3.0 lbs. To actually def.ermine the interval, the value 3.0 was listed to the left
in the first column; then the interval size "1.0" was successively ,7.dded until the
interval was produced that would include our largest value 11.6 lbs. Once. the
lower limit of each interval was written, we wrote in the upprz limits.

[NOTE: To make our table more appropriate computaiionally, we would have
uz-ed the 0.8 lbs. interval size a.; follows:

3.0: 3.7 .

3.8- 4.5
4.6- 5.3
5.4 - 6.1
6.2 - 6.9
7.0 - 7.7 11 intervals Notice that we would still have had less than the
7.S - 8.5 maximum (15) number of intervals recommended.]
8.6 - 9.3
9.4 -10.1

10.2 -10.9
'11.0 -11.7



24A I
Grouped (Interval),
Continuous Data (Rounded)

THE PROCEDURE (continued)

3. (Worktable construction continued)

(h) In the f coltm-tn, for each interval listed in the first column, write the number of
values in your data that fall within the interval; this will give you your interval
frequency. [NOTE: For a stated interval 5 - 9, values 4.5 up to (but not
through) 9.5 would be considered to fall therein; therefore, the actnal interval
would be 4.5 to 9.51

SEE EXAMPLE

(i) In the X column, enter the midpoint of each hiterval; this single value is found
by averaging the lower and upper limits of the actual interval. For example,
from (h) above we see that the stated interval 5 - 9 is the actual interval 4.5 -
9.5; therefore, 4.5 + 9.5 == 7.0, the midpoint.

2
SEE EXAMPLE

(j) In the fX column, for each midpoint value listed, enter the products of the
f column times the X column.

SEE EXAMPLE

6



Grouped (1nterval),1
Continuous Data (Rounded)

AN EXAMPLE (continued)

3. (Worktable construction continued)

24B

WORKTABLE: Resident Live Births, by Birth Weight,
Jones County, 1960

Birth Weight
in Pounds

Numb.r of
Live Bicths

f
Midpoint

X fX

3.0 - 3.9 1 3.45 3.45-
4.0 - 4.9 2 4.45 8.90

5.0 - 5.9 5 5.45 27.25

6.0 - 6.9 11 6.45, 70.95

7.0 - 7.9 21 7.45 1,56.45

8.0 - 8.9 17 8.45 143.65

9.0 - 9.9 9 9.45 85.05

10.0 - 10.9 L 3 10.45 31.35

11.0 - 11.9 j 1 11.45 11.45

(h) The number of live births whose birth weight falls within
each ;nterval is written beside that ititervel in the f col-
umn. That is, for the statec' interval 3.0 -3.9, one live
birth had a birth weight of 2.95 lbs. to (but -tot through)
3.95 lbs.; for the interval 4.0 - 4.9, two live births had a
birth weight of 3.95 lbs. to (but :lot through) 4.95 lbs.,
etc.

(i) To find the midpoint of each stated interval, we average die lower
and nnner limit of the actual interval. That is, for the stated interval

95 -I- 3.95the midpoint is 2. 3.45 lbs.; for the stated in-
2

terval 4.0 - 4.9, the midpoint is 3'95 ± 4'95 4 45 lbs.; etc.
2

r- MY e. .111=01.1117E,

(j) We have multiplied each single value X (midpoint) by its interval frequency
and entered the products in the fX column. That is, one times 3.45 is 3.45;
two times 4.15 is 8.90, etc.



25A I
Grouped (Interval),
Continuous Data (Rounded)

THE PROCEDURE (continued)

3. (Worktatle construction continued)

(k) Draw two parallel lines (for totals) about 1/2 inch apart directly below the
last interval listed.

SEE EXAMPLE

(1) Between the paraliel lines and beneath the last interval listed in your first
column, write "TOTAL."

SEE EXAMPLE

(m) Add the frequencies listed in your f column and write the total in the TOTAL s
row; label the total "N."

SEE EXAMPLE

(n) Add the products listed in the fX column and enter the total in the TOTAL s
row; label the total `WX."

SEE EXAMPLE



AN EXAMPLE (continued)

3. (Worktable construction continued)

(k) Totals

Grouped (Interval), I

25BContinuous Data (Rounded)

WORKTABLE: Resident Live Births, by Birth Weight,
Jones County, 1960

Birth Weight
in Pounds

Number of
Live Births

f
Midpoint

X fX

3.0 - 3.9 1 3.45 3.45

4.0 - 4.9 2 4.45 8.90

5.0 - 5.9 5 5.45 27.25

6.0 - 6.9 11 6.45 70.95

7.0 - 7.9 21 7.45 156.45

8.0 - 8.9 17 8.45 143.65

9.0 - 9.9 9 .. 9.45 85.05

10.0 - 10.9 3 10.45 31.35

11.0 - 11.9 1 11.45 11.45

TOTAL N---=-_70 lifX -- 538.50

(1) We have labeled the totals row.

(m) We have added all our individual frequencies (If) and written
the total with its appropriate symbol. You could get the same
number (70) if you counted the number of values in our original
list of data (see Step 1(a), page 21B).

(10 We have acikled all the individual products and written the total with its
appropriate symbol.



26A
Grouped (Interval),
Continuous Data (Rounded)

THE PROCEDURE (continued)

4. Substitute the totals from your worktable into the computational formula for the

mean:
fX

SEE EXAMPLE

5. To complete the computation, perform the division function indicated by the formula.

Because the values in your data are continuous, you must round off your answer

(quotient) to no more than the same number of decimal places in the original values.

If desirable, your answer could be rounded to have fewer decimal places than the

original values.
SEE EXAMPLE

6. Turn now to page 33A for a general guide to the use of the arithmetic mean you

have just computed.

'THE ;I:L
ARITHMETIC MEAN FOR GROUPED (INTERVAL), CONTINUOUS DATA

(ROUNDED)



AN, EXAMPLE (continued)

4.

5. In our exanTle:

=-_

Grouped (interval),
Continuous Data (Rounded) 26B

WORKTABLE: Resident Live Births, by Birth Weight,
Jones County, 1960

Birth Weight
in Pounds

Number of
Live Births

3.0 - 3.9

Midpoint
X

' 3.45

fX

3.46

.0 - 4.9 2 4.45

11.0-11.9 1 11.45

TOTAL 538.50.

538.50
N 70

51. fx 538.50
70

7.692

7.7 lbs. (We round off at least to the nearest tenth
of a pourtd because our original values were
stated to the nearest tenth; or we could round
to the nearest pound if desired, that is,

7.692 --._ 8 lbs.)

6. Turn now to page 33B for an examp!e of the use of aa arithmetic mean.

1 THE END'

ARITHMETIC MEAN FOR GROUPED (INT0RMAL), CONTINUOUS DATA
(ROUNDED)



Arahmetic
Mean

FOR GROUPED (INTERVAL), CONTINUOUS DATA (NON-ROUNDED) THE PROCEDURE

1. You should be using this procedure only . . .

(a) if your data consists of 50 or more values (cases, observations, readings, etc.).

SEE EXAMPLE

(b) if the values of your data are not rounded to the nearest unit or fraction of a

unit, but rather all fractions of a unit are dropped entirely (age at /ast birthday

is the most common such value).

SEE EXAMPLE

(e) if the values of your data are continuous, L.e., can be measured in fractional
form on a continuous scale.

SEE EXAMPLE

(d) if, when assuming for the moment tt.
discrete and ignoring all decimal po+
value given and the largest value giv,
number of different major values pc

the continuous values of the data are
the difference between the smallest
more than 14 (this means that the
is more than

SEE EXA :PLE

2. The formula used to compute the arithmetic mean is:

X
fX

For easy reference you may wrifr this formula at the top of the paper OD which you

are to do your computation.

SEE EXAMPLE 1*-

(For basic definition of symbols)



Arithmetic 1

1"13Mean 41

iOR GROUPED (INTERVAL), CONTINUOUS DATA (NON-ROUNDED) AN EXAMPLE

1.
(a) The following is a list of ages in whole years of women admitted to prenatal serv-

ice in Jones County during the calendar year of 1960: 31, 23, 26, 16, 2118, 37,
41, 22, 29, 20, 19, 21, 32, 24, 27, 22, 20, 21, 30, 23, 43, 17, 22, 19, 38, 30, 20,
18, 22, 25, 19, 16, 28, 20, 21, 17, 23, 37, 33, 28, 23, 39, 24, 22, 23, 17, 27, 42,
16, 18, 21, 31, 26, 21, 37, 22, 20, 28, 19, 29, 47, 18, 16, 23. [Note that there
are 65 valun (cases) in the list of data.]

+RETURN TO THE NEXT STEP IN THE PROCEDURE
(b) The values in our data are ages at laTt hirhday. Accther such value is months

of gestation, e.g., both 3 months 5 days and 3 months 25 days ale actually
stated as 3 months gestation.

(c) In the above data the values are continuous because age is measured on a
continuous scale. Age is stated in that form (fractional or whole number)
which can be most accurately approximated (measured) and most conveniently
used. We have chosen to state our values in whole years by using age at last
birthday. Other types of continuous values are weights, millimeters of blood
pressure, height, and length of gestation.

(d) Although the values, in our above list of data are continuous, if we assume for
the moment they are discrete, then the difference between the smallest value
given (15 years) and the largest value given (47 years) is 32. Therefore, more
than 15 different major values are possible; actually, 33 different major values
are possible (47 - 15 + 1 = 33). [NOTE: In this type of computation decimal
points are ignored; e.g., 1.047 and 1.015 would be treated as whole numbers
1047 and 1015.1

2. X refers to the arithmetic mean.
. X refers to a single value (in the present case it will be arf interVal midpoint).

f refers to the frequencies with which Values occur.
N refers to the total number of values.

refers to the sum of () the frequencies (f)-Note: N = V.
fX refers to the sum of () the frequencies (f) times the single value (X) to

which it refers.

GO TO NEXT PAGE



28A 1

Grouper: (interval),
Con:inuous Dota (Non-rounded)

THE PROCEDURE (continued)

3. For convenience in computation, prepare a worktable as follows:
(a) Though not always essential, a title that clearly describes the content is some-

times desired. If the table is to be used for general communication (published,

etc.) then it should contain the What (the group being studied), How (the char-

acteristics of the group being allowed to vary), Where (the area in which the

data was gathered), and When (the time period in which the data was gathered)

in that order.

SEE EXAMPLE

(b) Draw two parallel lines (the head) about one inch apart directly below
the worktable title; then divide the head and the rest of the page into four
equal columns.

SEE EXAMPLE

(c) In the head of the first column write the name of the value being considered
and the unit by which it is being measured.

SEE EXAMPLE

(d) In the head of tile second column, write the name of 'that which reflects the

frequencies with which values occur; include the symbol "f."

SEE EXAMPLE

(e) In the head of the third column, write the word "Midpoint" and the single
value symbol "X," which in this case will be represented by the interval mid-

point.
SEE EXAMPLE

(t) In the head of the fourth column write only the symbol "fX."

SEE EXAMPLE



AN EXAMPLE (continued)

3.

Iarouped (Interval), 98B
Continuous Data (Non-roundea) fa

(a) We have decided to use a formal (publishable) title for our worktable below;
compare it with :"/e original statement given in Step l (a), page 27B. . . No-
tice that the infc,..aation is listed in order: What, How, Where, When.

(b) Head,

And

dolumns

WHAT

WORKTABLE: Distribution of Women Admitted to Prenatal Service,
by Age in Years, Jones County, 1960"

HOW WHERE WHEN

Age in Years Number of Women Midpoint
X fX

(c) We have written in the name of the value
being considered (age) and the unit by
which it is being measured (years).

(d) The number of women in a certain age group (inter-
val) reflects the frequency (f) with which this age
group occurs in our list of data.

(e) We have labeled the third column "Midpoint" and included the :;ym-

bol "X."



ell A Grouped (interval),
utt Continuous Data (Non-rounded)

THE PROCEDURE (continued)

3. (Worktable construction continued)

(g) List your values in the first column of the worktable so that you will have from

7 - 15 intervals. To determine interval size subtract your lowest value from the
highest, divide by 10, and round off to the same number of decimal places as
in your original values. Your smallest value should be included in your first

interval as either the lower limit of the interval or as some value within the
interval; your largest value should be included in the last interval.

NOTE: Some latitude is allowed in deciding the actual interval size. The above
computational method gives you an approximate interval size that can be used.
However, you may increase dr decrease the actual interval size as long as you
do not exceed the 7 - 15 limit on the number of intervals. This flexibility permits
you to select an interval size that is more readable (e.g., 5) for tables that are to

be published. /MPORTANT: This practice should not be abusedcomputa-
tionally, it is best to have the smallest.possible interval size.]

SEE EXAMPLE



Grouped (interval),
Continuous Data (Non-rounded) 1298

AN EXAMPLE (confinued)

3. (Worktable construction continued)

WORKTABLE: Distribution of Women Admitted to Prenatal Service,
by Age in Years, Jones County, 1960

Age in Years Number of Women Midpoint
X fX

15 - 19 15 17.5 262.5

20 - 24 25 22.5 562.5

25 - 29 10
a..aero.*1.1n.rv.wgs".v

27.5 275.0

30 - 34 6 32.5 795.0

35 - 39 5 27.5 187.5

40 - 44 3 42.5 127.5

45 - 49 1 47.5 47.5

(g) The smallest value in our data is 16 years; the largest is 47 years; i,herefore,
(47 16) 10 3.1 or 3 years is the computed interval size. However,
we decided to increase the actual interval size to 5 years since this wculd make
the table more readable and still produce at least 7 intervals (and less than
16). Again for readability, we decided to make the lower limit of the first
interval 15 years. To actually determine the interval, the value 15 was listed
to the left in the first column; then the interval size "5" was successively added
until the interval was produced that would include our largest value 47 years.
Once the lower limit of each interval was written, we wrote in the upper limits.

[NOTE: To make our table more appropriate computationally, we would have
Used the 3 year interval size as follows:

16 - 18
19 - 21
22 - 24
25 - 27
28 - 30
31 - 33 11 intervals
34 -36
37 -.39
40 - 42
43 - 45
46 - 48

Notice that we would still have had less than the
maximum (15) number of intervals recommended.]
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Grouped (interval),
Continuous Data (Non-rounded)

THE PROCEDURE (continued)

3. (Worktable construction continued)

(h) In the f column, for each interval listed in the fi st column, write the number of
values in your data that fall within the interval:, this will give you your interval
frequency. (NOTE: Though not explicitly sta,+.ed, each interval is assumed to
have an inclusive. upf ..tr limit of __.999 _

SEE EXAMPLE

(i) In the X column, enter ..the midpoint.,of each interval; this single value
found by adding.1/2 the interval size to the lower limit o each interval.

SEE. EXAMPLE

(j) In the fX column, for each midpoint value listed, enter the products of the f
column times the X column.

SEE EXAMPLE



AN EXAMPLE (continued)

3. (Worktable construction continued)

r-
(i) To find the midpoint of each interval we added 1/2 times 5 (the

interval size) or 2.5 years to the lower limit of each interval_ That
is, 15 -1- 2.5 is 17.5 years; 20 -I- 2.5 is 22.5 years; etc.

Grouped (Interval), 30BContinuous Data (Non-rounded)

WORKTABLE: Distribution of Women Admitted to Prenatal Service,
by Age in Years, Jones County, 1960

Age in Years Number of Women Midpoint
X fX

15 - 19 15 17.5 262.5

20 - 24 25 22.5 562.5

25 - 29 10 27.5 275.0

30 - 34 6 32.5 195.0

35 - 39 5 37.5 187.5

40 - 44 3 42.5 127.5

45 - 49 47.5 47.5

,oer of women whose age falls witl each in-
terval is written beside each interval in the t column.
That is, 15 women adniitted to prenatal service had ages
within the 15 - 19.999 ._ _ _ year interval, 25 women had
ages within the 20 - 24.999 _ __ year interval, etc.

(j) We have multiplied each single value X (midpoint) by its interval frequency
and entered the products in the fX column. That is, 15 times 17.5 is 262.5;
25 times 22.5 is 562.5; etc.,
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Grouped (Interval),
Continuous Data (Non-rounded)

THE PROCEDURE (continued)

3. (Worktable construction continued)

(k) Draw two parallel lines (for totals) about 1/2 inch apart directly below the
last interval listed.

SEE EXAMPLE,

) Letween the parallel Hues and beneath the last interval listed in your first
cokrnn, write 'TOTAL."

SEE EXAMPLE

(m) Add the frequencies listed in your f column and write the total in the TOTAL s
row; label the total "N."

SEE EXAMPLE-

(n) Add the products listed in the fX column and enter the total in the TOTAL s
row; label the total ":4fX."



AN EXAMPLE (continued)

3. (Worktable construction continued)

(k) Totals

IGrouped (interval),
Continuous Data (Non-rounded) 31B

WORKTABLE: Distribution of Women Admitted to Prenatal Service,
by Age in Years, Jones County, 1960

Age in Years Number of Women
f

Midpoint
X fX

15 - 19 15 17.5 262.5

20 - 24 25 22.5 562.5

25 - 29 10 27.5 275.0

30 - 34 6 32.5 195.0

35 - 39 5 37.5 187.5

40 - 44 3 42.5 127.5

45 - 49 1 47.5 47.5

TOTAL1-- ..........-.,
N .--.:: 65 vk =1657. 5

(1) We have labeled the totals row.

(m) We have added all our individual frequencies (sf) and written the
total with its appropriate symbol. You could get the same number
(65) if you counted t e number of values in our original list of data
(see Step 1(a), page 27B).

(n) We have added all the individual products and written the total with its apprc>-
priate symbol:
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Grouped (Inter -al),
Continuous Data (Non-rounded)

THE PROCEDURE (continued)

4. Substitute the totals from your worktable into the computational formula for the
mean:

5c- 2fX

SEE EXAMPLE

5. To complete the computation, perform the division function indicated by the formula.
Because the values in your data are continuous, you must round off your answer
(on.:Aient) to no more filar Phca same number of decimal places in the original values.
If desirable, your answer could be rounded to have fewer decimal places than the
original values.

SEE EXAMPLE

6. Turn now to page 33A for a general g..,ide to the use of the arithmetic mean you
have just computed.

THE END L
ARITHMETIC MEAN FOR GROUPED (INTERVAL), CONTINUOUS DATA

(NON-ROUNDED)



AN EXAMK.E (continued)

4.

Grouped (Interval),
Continuous Data (Nen-rounded) 32B

WORKTABLE: Distribution of Women Admitted to Prenatal Service,
by Age in Years, Jones County, 1960

Ago in Years iltumber of Women
f

Midpoint
X fX

15 - 19 15 17.5 262.5

....------20-._24 22.5

----Z--40 --Z .....------------ 1273-.7-
45 - 49 1 47.5 47.5

TOTAL N--- 65 VX :----. 1657.5

5. In our example:
/fX 1657.5
N 65

/fX 1657.5
=_-

N,
- 65

-- 25.5
= 26 years (We round off at least to the nearest whole

number because our original values were
stated as age at the last birthday, a whole
number.)

5. Turn now to page 33B for an example of the use of an arithmetic mean.

ITHE END L
ARITHMETIC MEAN FOR GROUPED (INTERVAL), CONTINUOUS DATA

(NON-ROUNDED)
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USE OF THE ARITHMETIC MEAN IN GENERAL

Regardless of the particular method of computation, your arithtnetic mean may be used
in many specific t-ut similar s. Listed below are the most commonly accepted uses
of an arithmetic mean. IMPC, 'ANT: All means will not necessarily be used in every
way listed; conversely, means may be used acceptably in some other manner.

The arithmetic mean you have just computed may be used . . .

(a) to project future program requirements (you must also have knowledge of
changes in program emphasis and estimates of future number of eventsob-
servations, admissions, visits, etc.); and

(b) to compare with other related means, for example . . .

40 recommended standards (means) for the same time period, population, and
geographic area;
means of different populations or geographic areas but within same time
period; or
means of previous (but cotnparable) time period but for same population
and geographic area; etc.

SEE EXAMPLE
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USE OF THE ARITHMETIC MEAN AN EXAMPLE

In Walker County health clinics, 18 women who delivered in 1960 were admitted for
prenatal service. These 18 admissions made a total of 66 visits for a mean average
of 3.7 visits. It was during this year that a new educational program on clinic visits
was startcd.

Matching the general uses listed on the previous page item for item, we can use the
computed mean of 3.7 visits in the following specific ways-.

(a) Because we will be further emphasizing our newly started educational program
on clinic visits, we are expecting the average to increase from 3.7 visits per
prenatal admission to 4.0 next year. Also, because of the emphasis in education
and the general increase in the childbearing female population, we expect
admissions to increase from 18 to 28. Therefore, estimated clinic visits for next
year are expected to be 28 X 4 ----- 112 (number of estimated admisaions times
average estimated visits per admission). This estimate of 112 (compared to
66 total visits for the past year) requires that the program director decide if
an increase in number of clinics and/or staff is required.

(b)
The director's expectation of 3.4 visits per prenatal admission was somewhat
exceeded by this year's average of 3.7.
Compared to an adjacent county's 4.2 visits, ours was somewhat less for
this year; within our own county for this year, an average of 3.0 visits for
the lower socioeconomic groups suggests need for increased efforts within
this group.
ComparPri tpinst ',ear's averagct a 2.9 visits, we ir- asine that ir recently
illtr..xtuced .......-)ational program is at least partially effective.

* 1.1. S. GOVERNMENT PRINTING OFFICE 1911 f: - -,127-.543
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