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PREFACE

The fundamental principles of graphic presentation of business
statistics are simple to those who will give them serious studyd
These principles are fairly well standardized, and, once under-
stood, there will be no difficyl ty in applying them to an ¥ paéfi"eu-
lar problem. A definite practice of business charting has’been
developed which is distinet from enginecring charting,ﬁﬁ’c’i‘ugh it is
closely rolated to it. It is the objeet of this booketéecontribute
to the explanation of the principles of business charting and to
standardization of method and form. The digelission is confined
to the most commonly used forms of statistival charts, and does
not include deviees like organization cha;rE%, routing charts, and
other charts in which the subject matted Is not statistical.

As it is assumed that the readcp.hﬁs a general appreciation of
the use qf charts, bu.t lit-t\{{ews\gl -'E}%&&ﬁgvepyt‘grwlaining the merits
of graphic presentation a% n whele, Thé merits of specifie types
and forms, however, are cevefully considered, Every essential
point made in the text willustrated by an cxample.  As far as
possible the practical Wi of each form of chart is shown by using
illustrations drewn dron actual practice, though in many cases it
was necessary tQ £8draw the chart and conceal the identity of the
source becausg @ the confidential nature of the data prosented.

Alt-hough%l}e fext is technical, no technical language hag been
nsed whi&\ts not fully explained. Mathematical terms which
might n'(;:t be familiar to the business student have been carelully
aggidé.d’. Based upon extensive experience gained in explaining
&Lf}ﬁic methods to those who were not mathematicians or
enginecrs, the author has endeavored to use a language that can
be understood clearly by any businessman or businese student
who will give it serious study.

This book may be said to be largely & compilution of points
found by experience to be uecessary to an understanding of
graphic methods. During the time that the author was an
instructor in the Harvard Graduate School of Business Adminis-
tration he gave eonsiderable attention to the graphic presentation
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vi PREFACE

part of the course in Business Statistics., In going through this
work with twelve different lahoratory classes, a eareful record
was made of the points that had to be emphasized in the loctures
in order to get the bost results in making and understanding
slatistical charts, This work was continued in university teach-
ing in southern California, and it has been revised and added to
considerably in the author's consulting practice, government
research, and other statistical work,

The anthor wishes to cxpress his appreciation of the he;lp\of
the nany persons who have contributed to the produgkidpn “of
this volume. He wishes Lo thank in particular Dr. Edmiind E.
Day, who suggested the plan for organizin g the matesisl, liberally
supplied illustrations from his files, and made dny valuable
critieisms of the original manuseript, and thadate Col, M. ¢
Rorty, who wrote the introduction and mad®many important
improvements throughout the book, He h;g\a.in wishes to thank
Messrs. George J. Iberle, A. T, Hetthigey, Thurston H, Ross,
Williara ¥, French, R. 8. Parker, I, W2 Bmith, John L. Niceley,
Charles . Berry, and William M,‘H’almes for valuable assistance
it preparing the first edition, SWecp appreciation should also
be expressed \:5'% A &*El}n,%“ﬁ,a%}?}rﬁigmr, Lloyd Rogors, N. Hek-
hardt, Jr., Thimas P, Kellgy Ernest T, Guilford, Alfred 8. Myers,
R. Von Huhn, and Aice Robinson Griffith for valuable sug-
gestions and assistdabe™in breparing the second edition,

The author alsb, wishes to express appreciaticn to the many
persons, busing;éé;.'Organiza.tions, sovernment departments, and
others who hdvs so liberally furnished charts and other materials
Tor use inz ..Qﬁs book. While the author has endeavored to give
full crfy%t."for all quotations, natorial, llustrations, data, and
1d(:gs,}%t- 18 impossible to acknowledge adequately all the assist-
anedSthat has been reccived, In many instances, further

-\ 1en . l . .
\agknowkdgmeﬂt& are made in connection with the exhibits or

1 footnotes.

The author will weleome any eritical comments on this volum e,
and any suggestions indicating how graphic practice can be
further standardized will be especially appreeiated.

Joux R, i
WASHINGTON, D. C, RIGGLEMAN.
February, 1938.
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INTRODUCTION

An eminent scientist has defined language as “any code of
signals capable of communicating information or thought.”  On
this basiz he has asserted that a language might be devised in
terms of any one of ihe physical senses. The language of tc{uth\
might be nothing more than the Morse telegraph code teans-
mitted by means of a scries of finger taps; or it might“be the
embossed type used by the blind. The lunguages of taste and
smoll might equally well be constructed in the tora) of arbitrary
codes of alternaling and successive flavors and'odors.  And the
languages of sight and hearing, as our gYeryday experience
tells us, arc nothing more than arbit-rary},odus of letters and
sounds. O

[n whatever manner language hagtdeveloped, it has gained in
breadth and flexibility and qam@ﬁq}m’uﬁiw%s&@igt has become
more arbitrary in form-—but,«&8 the same time, it has lost in
vividness. The upraised hénd of the traffie policeman speaks
in a language clearer e}-gen\ than that which he uses when his
signal is disrcgarded, ’\}&"hand ¢lasp, a smile, or a frown may
say more than any written page.

The out-stand:mg“féct-or in all language, in all the varied ways
in which we pgretive our environment and communicate with
it, is the @fédominant influence and importance of the visual
sense. The'greater part of our memories, and perhaps 90 per cent
of oup.hﬁmstmmtive thinking, is in terms of visual images. The
man who can most successfwly plan a campaign for the {uture
isMMat one who can most clearly set the stage in his own mind
for the play that is contemplated, and can make his actors carry
out the phantom drama to the end without missing an cssential
move or gesture. Those who have this power of exact thinking
in terms of visual images are usually unconscious of the methods
by which they arrive at their conelusions. Many great mathe-
maticians and physicists work out rough solutions of their proh-
lems by these visual methods before they apply the final check of

X1
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mathematical formulas: but they rarely can describe the type oi
imagery which they employ.,

This gencral uncousciousness of the extent to which thought
Is expressed in terms of visual images Is, however, the hest of
evidence as to the pervasiveness of the sense of sight in our mental
brocesses.  We grasp a simile to strike the imagination of
reader until his thoughts run with ours, and each word italicized
represents a primitive visua] image stolen from itz original, s
for a broader uge. N

With this fundamental background in human hab¥t&) and
experienee, no apology 1s neeessary for the attention Gwhich ha-
been given in recent years to the study of graphigsnas an aid 1o
statistical presentation. The old facts of busidesd and human
experience are valieless except as they lead o mow action, sancly
conceived.  Such facts Inust, in the main\edntinue to be pre-
sented on the printed page—hut on suplQphges the cold figures
of a balance sheet, or the massive (:oiumns of a census report,
speak in clear tones only to the expert’ who has the time to read
them with eare. For the ordinqry’ Business man, or even [or the
busy cxpert, the typed page 'Inifst, therefore, have jts supple-
mental lan:gua r?:lah%%n _%gg_ﬁi[hich wiu help to bridge the gap
between YYHY n%raryqn ped symbols of words and figures, an
those mental images andMhat clearness of comprehension which
must be ereatod befdre action can ensue.  This supplements)
language is the lafghage of graphies—and the essential and some-
what unigue t:lli:r}g that Mr, Riggleman has donae Is to teach tho
language of geaphics without at the same time unneeessarily von-
fusing hig reader by attempting to teach the seience of statistics.

The mhstinction between the language of graphics and the
scieuneNof statisties is 8 well marked as that between the mere
ability to read and write and the special skill of 4 trained jour-
:r%nlist-. And just ug the ultimate star reporter must begin his

Jeareer by learning the alphabet, the vocabulary, and the grammar
of the language i whieh he is to write, 8o also there is much
advant’age for the beginner in statistics, and in many cases for
the trained or naturally gifted statistician, in studying the alpha-
l{et and grammar of graphics ag g thing apart from the elabora-
t1ons of statistieg] teehnique,

Mr, Rigg]eman ha_s also done another thing which ig worthy of

mark,  He has built hig book out. of COPiOUs notes drawn from
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practical experience in the teaching of graphical methods to both
college students and business men. This is the surest guarantee
of the practical uscfulness of the volume.

To say this much of graphical presentation in general, and of
Mr. Riggleman’s book in particular, iz not difficult, buf it is less
casy to accede to the request that the writer should illustrate his
point of view by specific suggestions arising from his own experi-
cuee. There is lttle that can properly be included in the lan-
anage of graphics which the present text has left uncovered.  Any
amplification of the subject must, therefore, be in the direction b,
indicating the next steps that naturally will be taken hg the
student after be has mastered the language. In this( ~1{i~;sl?)ect,
perhaps, the greatest prineiple in business statisties ix/phat ‘every
single presentation to the executive, whether graplﬁg‘;ﬁl or other-
wise, should carry its definite message. This Mbsage may be
“rest content with the situation ag it is”’; or wday be “invosti-
gate in further detail”; or it may be a call ¥or definite action.
Rut in overy case some message must Peevident. There is no
greater confession of weakness in busihess statistics than for the
sxecutive to say, “Very interesning%bﬁt what shall we do about
17" and for the statistician t‘-gpwa;’;g}gg‘_gu{{gl.glcs,%gg_hpow.”

A zecond important principle Ts that of approaching a difficult
i confused problem piccerfienl, and step by step, without insist-
ing that the entire mn%\'jdtof solution shall be evident froin the
fieginning, In suchhcases it is always possible to select one or
more facts, or whole’series of data, which must obviously be
assemnbled beforé :a\ny answer is possible. When thesc facts have
been gatherpd;’:}ogether, plotted and analyzed, they will quite
certainly s@gg'est the need for furtber facts. And, socner or
later, if.ﬂ:lis process is repeated, the direct road to a solution will
prgﬁurif Ttscll,

\I‘he". two principles just stated are, perhaps, the most gencral
that apply in business statistics. For this reason it may not be
inappropriate to mention them as an introduction to a volume
which is characterized by the simplicity and directness of purpose
that are so evident in the pages that follow,

M. C. Roxrry,



GRAPHIC METHODS FOR PRESENT-
ING BUSINESS STATISTICS

 CHAPTER I |
GRAPHIC CHARTS IN BUSINESS

In any well-managed business enterprise, and particulaily. -
in & Iarge one, there 1%, and must be, consciously or unconselotsly, -
& very great dependence upon statistics. And ag\ Business
becomes more complex and definite planning of operations and
policies becomes more essential, greater use of actual statistical
~%¥561s must supersede much of the guUessWOIK that now too
— gommonly constitutes the bases of executive decisions. The
fverage business man, however, finds ihQifcult, if not impossible,
%o read or analyze columns of figureg snd masses of data rapidly
enough to base hiz decigsions upon: them when, 8s.is ordinarily
the cage, he is forced to declde quickly. -Fortunately, pages
ofmmmmrer tones to the busy
executive if translated inge ‘the ‘““graphic language.” Realiza-
tion of this fact hag 'réém te'cl,nmi widsantead, wig, of statistical
charts, especially in Técent years, g
Millions of dollatg)are spent annually in the coIIectlon of dat&
t6 be used 1 analyzing business. Usually, however, when the
. measurements\have been made and recorded it is dlfﬁcult to - -

: cmy ﬁudled it. may be almost 1mposmb[e to shiow that the
'Mmons réached are correct and sound. It often happens -
il a-meeting of a committee or board of ditectors that & sound — .
- and carefully prepared plan is rejected simply because theTaEtE—" L
presented are not clear.. Though it 1s important to have accurate =
4nd significant dats, one cannot get the most valuable results -
“Umleéss the methods of preﬁentatlon are effective. '
_ : es, changes, or dmtnbutlons are
presented in tables or written deseription, it is not easy for the-. o
average mmd 0 grasp cr appreciate the relﬁtlonshlps and then:
: T




the i .cc;ndition

compares, elt.her
a.nd volumesm :

W]Sh to get a concep__ i
do'so much xx_mre eam]y %

18 Whlcﬂ uidmates clearly the
cturmg an e:ght—car train upon
: ';good\\ldea of ‘the size of a

charts valuable in presentm.g bum-
use buj_they are. valuEb_ le aids to the

Urve mu _'mo-r_'c’ gasily than they ca.n the variation

. :Ln a column of statlstlcal‘ data, _The shape of 8 curve will give

_ GF THcomme over A corbain period, and”
these mual 1mpr OIE" Are u-' c__ea:rly remembered by most

of Thes greateért_ values o _fthe graphlc ch' rt is its use in the
problem Invanably a charg brin '

; dw_n chart, g1ves us c(itﬁprehenmve pl(;tlll'e o‘f ::_ R
[ Wlllnot nng Ot HEW TAets,

'brmg out the thden facts in- a table or r_dass of
ingt take the place of careful a.nalysm In fact
iy be dangerous devices when in’ the hands of those
unw lling to ‘base their mterpretatlons upon. careful

Kowever, does not detract from: their value When
properly .used~a;a aads i solvmg-statlstlcal pr‘bblems




Eugmeers a.nd techmca! men have long realized the im port
o} grip L and in recent years their value has been widely

'recogn by business executives, salesmen, advertisi
- bank officials, Tawyets, and others. Graphic charts have often
Eéﬁ'_thought 1o be the tools of those alone who are skilled in
mathematics, but one needs to have only a knowledge of eighth-
grade. anthmetlc or decimal fractions to make and use intelli-
gently even the logarithmic or ratio chart which is coneldered
so formidable by those unfamiliar with it. :
In many up- -to-date plants ‘at the present time exeeutwes
and managers value their charts as highly as engineers value)
their drawmgs ‘Daily reports arc presented in graphic fofm Jor
comparison, and am
"I his business, T'¢ most persons columns of fi afe dry and
"Uninteresting even though their study is vital o thésicoess of the
firm.. What the executive desires is a preeentatlon f'thls mate-
rial in a form that will permit him to grasp eesﬂy and quickly the
essential points, and graphic charts are asqeans to this end.

Graphie methods are used for presenhmg all kinds of statistieal =

data. They may be used extensively.as pa.rt of a WeII—developed

statistical department or to a ]Jxmted extent where a few impor- . -

tant facts are recorded by a brlght clerk or secretary Charts -
may be kept of the internal conditions of a firm, and along
with these the executive-ihay directly compare external condi
tions with the situat% “in his, OWbr -Jingiesy. orfoshibit’ 1, as
well as many other #xhi
of actual uses by busmess firms. : .
Graphic chatt§ furnish an excellent means for keepmg a
perpetual imvéntory which will show at a glance the value or
amount of material on hand, how much is added and taken
ewa.y, a:nd ‘wheh the da.nger pomt 15 reached. The credlt.

tlen, especlally his ratio of Lquid assets to current liabilities

with reference to their position in the business cycle. Working _
hand in hand with the eredit manager, the collection manager -

canr determine at a glance the financial standing of the customer

" and whether or not it is possible for him to live up to the terms -
he has made with the company. In studying costs there is &

men,

its in this book; presents some examplee o

great field for graphic charts. In fact, it is in this field that o

‘charts present some of their most surprising and important
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4 GRAPHIC METHODS FOR BUSINESS STATISTICS

revelations. There iz almost no limit to the use of ch:Et__s__ 1n
afalyzing labor stafistics such as [abor turnover, time and "
motion studies, causes of accident, or payment plans. ixl the

Exnureir 1.—Charts of internal sta

tistics used by Western FElectric Company
(4, B, €, and D) and Eastm:

an Kodak Company (Z, 2, 3, and 4).
sales and purchasing departments, charts are used to keep the

manager in touch with the progress of events Both inside and
outside the Tirm. The study of fnancial statisties Is greatly |
aided by charfing the data o show amounts and rates of change.




GRAPHIC CHARTS IN BUSINESS 5

One of the most important uses of the graphic chart is in fore-

cistig CATTINES, expenses, Sals, IOdUC(ian, £y for periods i

“from 1 to 5 _ycars (revised periodieally}, and then in comparing

WYW%M%%&

“way, in connection with each ciement ol ehe business as well as
the business as a whole, is one of the most effective of all methods
of supcrvision,

The preceding uses and many others will be suggested to the
reader by the occasions whieh arise in business praetice if the
fundamentals presented in this book are carefully studied and
assimilated. (NN

If graphic methods are to be most effective, it is necessqrg:thaﬁ
those to whom they are unfamiliar give some attention™to their
fundamental structure. As simple as they are, théib ude and
interpretation will be weak and often incorrect unléss one under-
stands the principles upon which they are basedy™ For instance,
one is not likely to read an arithmetic charf seotrectly unless he
also appreciates the significance of the Jo‘gali‘ithmic chart. To .
explain the principles underlying the egnstruction and use of the
commonly used practieal types .‘gf; business-statistics charts
is the object of the chapters whichyfollow.

W
)
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tingnished “clearly:,

PRINCIPLES QF CHAR’I‘ PLANNING

Cereful pia.nnmg should precede t.he aetua.l drawmg of, any
pemcular ¢harts | First, one_must a,eeurately determine ‘the

. purpose of the ehart, Then one must-select the proper dype of
© chart a:ud dee1de apon the. proportmns, ‘form, title, Gefe., that

“will best carey - out the purpeee To eOnmder these mrthe ob] ect
of this ehe,ptei' o

" Purpose of: the Chart ——Two broa.d groups of gre,phm charts,
--'na.mely, .working ehe.rte and ' finished charts, should be dis-
“Working - charts, (aré ususlly made on
eoordinate paper and. are. unﬁnmhed}n appearance.- Finished

. charfa’ aré: ordinarily “dravwn upen yplain - dra.wmg paper by a

skilled draftsman with the, aidwof drawmg instruments.! . The

- 'sta.tlstlela.n, in making his ahslysee uses .many. ‘working charts

‘.

_which- may be of value onlybto him and which often have only &
temporary or: traneltmnal value Such charts are not ordinarily

'-ea.rned beyon‘d”fﬁedéfeauelof pgncﬂg pTottmg on eoordmate papet.

¥ But if $he chart i %0 appear in a formal report or printed publlea-

_ tion, a finished" drawing should be prepared by a skilled statistical
. drafteman, & Before proeeedmg ‘with the work on ‘s finished

dga.wmg,\ene or 1a0re. workmg ehe,rts ordma.nly sheuld be

ﬁm aeeumed in this book. that the reader has a Workmg ]mewledge of

thJe Tise of the usyal meehamcal drawing instruments and that he has-studied

\lettenng However, for the use of those who may net have had such train-
ing, and as an aid to. those who are inferested in special statistical’ dra:ftmg

g _pmctxees and short cuts, an appendix on 3tatlstma.l drawing and iettenng'
"1 is provided on'pp. 217244 For:the resson that the begintiing statistician

can often use his knowledge of statistieal drafting es & mesns of securing a
position, careful atténtion fo the details discussed in this sppendix is strongly
advised. . A technical kmowledge of the ‘actusl uge of instraments and letter-

_ ing is also Very helpful to the experienced statistician or execuiive in super-

vising chart work and in judging its guality. . It also Lelps one to read more

- correctly and accurately the dita presented in the gmphm langnage as it
" Tequires greater attention to eertacm detsuls than 13 Decesary in makmg

workmgeharts _ _
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prepared as s basis for more aceurately determining the use of '
the chart as well as its form, proportions, size, ete. S

It will be evident from the problem at hand whether or not a
working chart is required. * In this discussion, principally the
details of making finished eharts will be described for the reason
that, if these are understood, thers will be no difficulty in making .
and using working charts. - -~ - |

In planning the construction of -a chart for a report or a
" publication, a cardinal principle to be remembered is that the
reader’s point of view must always be kept in mind. When,
there is a question ag to which of several methods should“be
used, that method should be chosen which will cnable the reader
to grasp the cssential points the most easily and clearly It
often happens that the chart which is easy to make is difficult
to read, and that the chart which is easy to read is difficult to
make. However, since the chart is made fo(\the reader rather
than for ‘the maker, the decision on any\pomt should be in
tavor of the reader.

When charts are prepared for the, u&e of the skilled executlve,
and at his request, it is to be presumed that he knows enough of,
or will make an-effort to learn enough of, the téchnical principles
of the graphic language to enghle, m&iﬁbﬁﬁi g igharts effec-
tlvely But when the purpose of a chart is to make an appeal to .
the easual or untrained reader, simple methods, which are already .

_ familiar to the person appealed to, must be used'. Plain technical'_-f{“;'_'

graphs will be tisedy by the executive or the board of directors who
already have- @n “interest in the subject matter to be pre-
sented. Ol.l‘:thé other hand, charts for the untrained reader
may haye\to be in some popularized form such as those in
which: .pl(,tures or cartoons help to attract attention and bring
out Ahe facts represented. Charts will vary all the way from
pop‘ularlzed cartoons representing simple sizes to technical
- scientific graphs, depending upon their purposes and the training
of the prospective reader. In popular periodicals the tendency
naturally is toward the use of simple diagrams, while in technical
publications there is an advantage in using the customa.ry
technical forms.
 Size and Proportions of the Chart.—As mentloned previously,
charts are usually first made in the form of working charts,
especially if they are complicated. Before starting work on a
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o “gble to lay it out in detail in small fo
} the desired size,

8 GRAPHIC METHODS FOR BUSINESS STATISTICS

finished chart that is to be made from & wc‘:l..;mg chazt, ltthls
often well to outline it first 2s a rough draft in Ol’dﬂ.‘ that the
best proportions may be determined for .the final drawnfllg, f

The size of & chart should be determined on 1-;he basis of con-
venience in handling and ease of reading. It is often best tf’
have several small charis instead of a large one, es;{ecmlly if
this large chart has to be folded. A folded chart is a]waysf.\
difficult to handle and is easily damaged. There is a tendency %0
make charts larger than necessary, As a general rule, hm!\{f.s\(er,
it is best to use the smallest size that can be read conveniernily.
The larger the number of charis that can be placeiypon one
page, without making them so small that they“gu‘e hard to
read, the greater will be the convenience in usit}gfighem.

Examir 2—Consedutive Ppages forming a eontinuons chart,

,clbr‘au'lil‘f"fx"y orgln .
An exé"e\faﬁona long chart—for instance, one presenting a
time series plotted by months over a period of 20 years—may be
made more, Eonvenient to handle if it is broken up into, say,
20 charts\and bound together in book form. The consecutive
pages shen form a continuous chart across the break between
pag\e%vvhen used as illustrated in Exhibit 2.

«In making a large chart, such as those in Exhibit 8, it is advis-

rm and then enlarge it to
For instance, a wall chart might first be laid

out 6 by 12 inches and then enlarged to 3 by 6 feet, ail dimensions,
widths of lines, lettering, ete.,

being enlarged exactly six times
(linear). The small chart shoy

Id, of course, be carefully checked
for accuracy before it is enlarged.

Charts may be enlarged by a draftsman by hand or by photo-
graphic processes. If enlarged by draftsman, they are usually
drawn in pencil on

_ heavy paper and traced on tracing cloth or
paper, from which a Van Dyke and brown- or blue-line prints are
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made. Often theimost satisfactory and least expensive method
of making wall charts is to enlarge skillfully drawn small charts
by phofographie methods. The best photographic process is to
make & small plate with a camera, and from this plate to make
an enlargement of the desired size on a special thin paper. From
this enlargement a Van Dyke can be printed and then any
number of brown- or blue-linc prints can be made. Satisfactory
enlargements are also made by the photostat method. (For a
deseription of brown- and blue-line printing and the photostat
process, see Chapter IX.) (\

"\

i

o8

Exaisrr 3,— Wall ehass/of statisticsl data used for exhibition purposes.  {Cour-
tesy of Um'i\vcg Biates Bureau of Foreign and Domestic Commerce.)

Use of .Bkiﬁted Forms.—Various kinds of rcady-ruled forms
and Coofj@inate paper can be used in charting business statisties.
Sqrge'éxamples of such forms are illustrated in Exhibit 4. These
ferms are convenient for preliminary graphs and working charts
but” they are rarely suitable for finished work, such as that
brepared for formal reports or publication. Even in making
working charts, it. is often easier to draw a special form to fi the
Problem than it is to fit the problem to a ready-ruled form.

On finished charts, no more coordinate lines should be shown
than are hecessary for the purpose -of reading to the required
d(’gfﬂ? of accuracy. It very rarely happens that standard
coordinate paper is so ruled that it has the desired divisions, ox

\

Q"



10 GRAPHIC METHODS FOR BUSINESS STATISTICS

that a chart made on it presents a good appearance when it is
finished. When charts can be standardized, it is frequently
desirable to make up zinc plates or to use the “offset’ printing
process in order to secure just the kind of coordinate paper
required. In some cases permanent titles, scales, etc., can be
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Exnisir 4.—Coordinate paper for i
vrelimiinary and worki :
of Biucational Bxhibition Coy 0 CoaTts: (Courtesy

printed on the original paper.

properly spaced, accurate plotting
’.by using the right decimal scales,
. Exhibit 229 on page 223, or by making special scales out of

thin strips of celluloid, markin ivigi i
r , g the divisions with i
and filling the grooves with biack ink, * knile-edge

If the coordinate lines are
can be done between them
by using the scale as illustrated

i
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Standardization of Charts.—A considerable amount of time
and labor ean bhe saved by standardizing graphic forms where
possible. By using charts of the same size and which have the
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B. Cards placed end to end to form s econtinucus chart.

Exmieir 5.—8tandardized card records.  (Alse illustration of use of typewriter
lettering.)

sare scale intervals, comparisons can be made between different
charts ag illustrated in Exhibit b, 4 and B. With the charts
arranged vertically, one above the other, a direct comparison of
seasonal changes can be made, and when arranged horizontally,



, i is eaSytosee thie changes that have occurrecl:';
‘throughott the period a8 & whole,

s
o ‘in Charting.~In -charting business statistics &
T te ‘degree of accuracy is, of ¢ourse, necessary, but the.
" problem differs from thet of plotting data where measurements:
" < are’madé from the charts with finely graduated instruments:
. 1f the chart is-accurate to the degree that visual comparisons’
- will ot be affectéd, ‘it is aceurate enough for most praGtical
* purpoges.. - Care shiould be taken; however, to make, Charts.

- securafe to.this ‘degree. “Carélessness in plotting of, thecking

- Referent Source ‘of Data:—The source of the data pre-
~ senifed should ordinarily be includéd on a chatt'if the source is
ot evident from the title or the nature of the data. Knowledge
helps the reader to judge the reliability of the chart,

heek it for accuracy, and to obt'ai{_:_[lfmtlier data in connection

Witk the subject represented. \ _

<. Iiis sometimes '_de'sirabl_e__ to. it chide the data in tabular form
o ._a;"I_o_l}lg___'Wit_hf:tlie'f?_chﬁi-'t,-_ej,the_:..a.s‘pa_,rt of the chart or as an adjoining
- table.. ‘Ebig  plan is espeeially valuable to readers who wish to
- make se of pumperieaklyter fnncontiection with the graphic
- tethod: (see Exhibited3, 34,91, and 92, on pages 31, 32, and 78,

for i]l;_l_stra_i_;_io;_ls_-.::'o;f_._f iﬁcgrdipg‘ data directly on charts},
o ?lp;otlfance:g\ﬁd"(?l?ar; Title.—One of the most important parts
- busin !

O & businessichart is its fitle.- “The title should give the reader
- the subjecf of thie chart ¢learly and completely. Ordinarily the
: _.tl_ﬂ_a should tell what is represented ‘and where and when the
a datg;\'?gply (Exh1b1t -8). Often “thie .ﬁﬂe is givén too little
& tion, andt.houghthe @hﬁfﬁ'm?:bé"very' clear in its other
PR\ 'ﬁaﬂr:s, lt__n}ay':not berea,d at.all unless it has a clear and complete
) prosﬁlble’ the tiﬂe E}]Zl(jﬂl],d_bf':Shc.ﬂ-,’I "Bllt".it- may be long if

chnical words, and here, as
‘must be made with d

'riga;rd._for t‘he point of view of the reader, 'Superﬂuoflxvordi:;
%-If‘.‘_ld_.nf@t'b‘? used as, for instance, in the title “Chart Showing
. _rye _"0- .I_oqeg;- Brothers’ Sales for'1935.” Here, the first four
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words are unnecessary, a8 anyone.would recognize & chart show-
‘ing a curve. A befter title would be simply “‘Jones Brothers’
Sales for 1935.” o - '

Titles are usually in the form of & series of phrases rather than
complete sentences (see Exhibits 39 and 40 on pages 36 and 37),
and the arrangement of these phrases is such that they are easy
4o read and .the important items stand out prominently. Bach

line of phrases represents an ides. or group of ideas. The lines,
asually of unegual lengths, are centered on the chart.
The preceding discussion of chart titles applies to finished,
charts, such as those for formal reports or publication. ‘Sueh
" MOTOR - 'VEHICLE PRODUCTION N ~\°
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Exm:m'r 6.—Cotrect position for a chart title, (Chart also illustrates centering
v of paris of chart with reference to border lines.}

charts are usually preparéd with a wide rangeé of readers in mind.
On working charts, the- titles and other means of identification
need be clear only to those who are concerned with using them,
and, consequently, such titles may be more limited than those
prepared for wider distribution. Nevertheless, the titles should
be complete and clear to those who are to use them, even if
they are for only preliminary or trial graphs. One of the most
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i Pomhon and Sme of the Txﬂe —The tmtle should be placed.
. ai; the top of the chart ag illustrated in‘Exhibit 6, This position.
_i§ onvenient; and natural from the point-of view of the business
“.mian, since. his bills; tables, ‘hoaks,: aceounts schedules, and other

‘forms are commonly Iabeled: at the top : O
No gene "'rule ca.n be lald down for determmmg the size
of the. fitle lettering: - Only on the basis of skill and\experience
“an one, best decide the most appropriate size foreach particular
problem -Thé. tltle lettermg should be the largest and most
. _; promment of ; any on the chart, however, ahd\by studying other
*charts -one can soon- beeome efﬁment m{determmmg the sizes
'-_.-_for the problems at-hand. - : &
Spacmg and” An-angmg Dlﬁerent Parts of a Chart—Border
Lmes.——In der that a cha.rt may a,ppear to be Well-proportloned

: E:mmu 7.—-Pictorial chm-t fm: popular - presentation; " (Courtesy of Reloil
mberman) ) . .

a.nd of plea,snng symmetry, ca,reful attentlon

. spacing and: arranging its different parts, This requires that

- side’ margins, - for instance, should appear to ‘be equal even

though Athey might have -to be- actually unegual to give the

| “desired effect. :In order 't Have the right and left' margins

R appea,r tcr be equal on 3 grs.ph whlch has a vertlcal scale on only

n:lusf) be given to
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one side, less space should he allowed in the margin on the left .
between the scale and the border line than between the lasi
ordinate and the border line on the right. The reason for this
is that the distance between two solid lines appears to be less
than an equal distance between & solid line and a scale with its -
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Exarere 8.—Usge of graphic cha.rts in popular magazine and nswsj;m.per
i advertising. -

. open spaces. It should be noted that, in a chart like Exhibit
8, the title should be centered between the vertical border lines—
not over the center of the space covered by the coordinate lines.
‘Tt should slgo. be noted that, since room must be allowed for

. the seale, the center between the first and last vertical lines of
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the éoordinate ruling of a chart like Exhibit 6 will be  littl

‘which only black is used. Colors, however, are limited in their

16 GRAPHIC METHODS FOR BUSINESS STATISTICS

to the right of the center between the vertical border lines. :
- Use of Color,—Charts in which colors are used to bring ou
differences or contrasts are much more effective than those i

use to work in which their cost is not prohibitive. When char:;j

- are not to be reproduced, it is no more expensive to use colo _:
- than black ink alone. But if the chart is to be reproduced jng
~ printed report, catalogue, book, or magazine, it may be impos-

'\
RS
\

sible to use eolors beeause of the high cost of color repraduction:

 Pictorial Charts.—When prepared for popular use, (charts are
often much more effective if made in a pictorial forgi 8% shown inj
Exhibit 7, or with pictorial additions and ornamfettations which
help to direct attention to the subject matter)as illustrated by
some of the charts in Exhibit 8. These methods of popularizing
may be applied to most of the more tee¢hmical forms of business

- charts. A description of the methodshof construction and use

of the Dictorial form is included i “the chapter on simple com-
parisons of size' (Chapter IIT). N

General Aljpeamnce--C{J??ﬁdénce in a chart is much greater
if it is neat and securatewather than sloveniy in appearance.
Skill andv wen thigas HFAEY WTEh "practice and experience. The

* chart must be well plﬁportioned; it must not be crowded; and

ample marging nﬂl\@b’e left.  Usually a border line will improve
the appearance.ot*a chart, and it is. of utmost importance, in.
securing al @ppearance of high quality, not only to have all
lines and ¢urves skﬂlfully drawn but also to have the title and
all other’ Iettering done neatly and carefully,

R

A _ _ _ _
3 ‘See Appendix on use of drawing instruments and lettering (pp. 217-244}.



CHAPTER III -

SIMPLE COMPARISONS OF SIZE—BAR CHARTS AND
PIE CHARTS

T+ is the purpose in this chapter to describe the graphic methods
_ of comparing magnitudes where only the sizes vary. There 1s
no eonsideration of. time variations, geographic disfributionsy or)
_other variables. - For instance, we might compare the populations
of New York and Chicago, or the heights of buildings(in, New
York, or the sales made by different salesmen, or the profits
made on clothing with those made on shoes. Whatever the

problem, the object is.to compare sizes. In Exhibit 9 the prob-

lem is to show the comparative sizes and e@émally the heights

World's Highest Buildings of Previous Centirigs Jompared with
the Highest Building erected in 191J ~1981

N\ oolwmhy
% Catholrsl Tome oo .
N/ EL Contury 14th Conbary 1tk Contury 1911 mi
ExmisIT 8. —Pmtaona} demhparison of size (with emphasis on heights). (Clourtesy
\.. > of Encyclopacdia Briiannica.)

of the dlﬁ&(e]lt structures. In other problems the oblect may

be to mdrcéte the retation of one size {0 another where both are
kn()wn, of it may be to give a coneeption of an unknown size by
cofiparing it with a known size. For instance, most persons are

tamvliar with the size of a passenger train. In order to impress

the greatness of the size of a modern steamship upon the readers
of & popular magazine, the graphic comparisons shown in Exhibit
10 were made. Such comparisons, however, are very general
and can be used only when the actual objeets can be compared.
In most cases of graphic presentation of sizes, the comparisons
are made by using certain geometric forms which vary in their
gizes in proportion to the different magnitudes represented.
17

A



18 - GRAPHIC METHODS FOR BUSINESS STATISTICS

_ Choice of Geometric Forms for Simple Comparisons of
‘Aggregates.—When one is about to undertake the graphi
 comparison of simple sizes, the first point to be decided upon i

the geometric form to be used. The two fundamental require-

ments of this form are that it must be easy to understand and

* that it must give & correct impression. o
It is easier to compare the sizes of forms which vary in one
dimension than ‘those which vary in two or three dimensions.

In other words, it is easier to compare lines or bars than itnis

to compare areas and especially volumes (see Exhibit 11).
It would be very difficult for the average person to compare

sales in New York with sales in Chicago by looking at the'cubes in

Exhibit 11C because they are drawn on a volume basig and vary

A dight-oar triin, with lobomiotive and tong AN '
et R A Xk i
i . A - otean liner with raom to spare.
T 10—Piototial omparison of sige.  (Courtesy of Cumand Steamahip Co.)
in R 4 NN . .
da::r‘f); dlmﬁs Efiozl}? Also it would be difficult to compare these
DY 88501 the squares shown in Exhik; i
AN : it 11B which are
drawnion an ares has :

1 A‘!’?b{he oo o 15 and vary in two dimensions. In Exhibit

1 88 :i Tule, ]Jnes or bars should be used rather than
great oxtrome - oy 0 this rule may bo made when showing
" sitch 83 these i Tor It is desirable to present comparisons

| ose in Rxhibit 12, only a general impression of the
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differences in size is ordinarily necessary, and either square or
direular areas will serve the purpose with certain advantages over
bars. If bars are used in making such comparisons, the larger
figure requires such a long bar that it is difficult to place it on the .

SALES N SOLES N SALES IN SALES N SALES N "DNSALES N
NEW YORK CHICAGD — NEW YORK CHICAGD NEW YORK { (CHICAGO
$0000  B5000 . BIOOOO 85000 HI000N\ S 85000
A A - C
Exusrr 11.—Usae of different geometric forms in comparing sizes {gales). A,
Linea (or bars) are easy to compare. B, Arear are " ult to-compare. €,
Volumes are very diffcult to eompare. o~ ’
X 3
‘page. Or if the long bar is made a conwenient length, the short
0 . f
bar can hardly be shown at all.  ¢3" o
Circles are used occasionally to-represent sizes, but it is diffi-
. Sy L 517 .
cult to compare them, and they ST RBE A SR When. bars

_can be used conveniently. (When it is necessary 1o use circles, as,

for instance, in making Gomparisons of exfreme items (Exhibit
12) or in making cc{tﬁn kinds of statistical maps (Exhibit 185

NS . O
#\\./ DOMESTIC EXPORT : GREAT _ THE BRITISH
i \ } SALES SALES BRITAN EMPIRE
$3,136.402 $,253 80,000 0. ML 13,000,000 5 M.
A ’ B

Exmmtr 12.—Bquare and gircular aress are semetimes advantageous when
showing extreme sizes, hut they should not be used when it is convenient o use
bars. .

on page 174), they should be drawn on an area basis rather than
on & diameter basis. Sometimes, however, circles are drawn on

8 diameter Dasis and often the reader does not know which
method has been used.  Exhibit 134 compares sales in New York
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with sales in Chicago' by ‘means of circles drawn with area
proporticnal to sales, and Exhibit 138 compares them wit]

SALES IN SALES W SALES W SALES m N\
NEW YORK CHICAGD NEW YORK, CHICAGO
BI0000C $5,00(_) EI0000 55000 N

B 13.—4, Circles with aress proportional to numgers. B.\Circles with

: . i diameters proportional t0 numbers, ,

diameters proportional to sales. Exhibit 134 gives the impres-
S— W 1 sion’ that New York\sales are some-
\ g N what less than\Mwice as large as
Chieago saleﬁ{\.‘while Exhibit 13B
gives the impression that New York
‘sales aralmiuch more than twice as
large as' €Chicago sales.
¥ *Pfetdrial Forms.—The principles
1ust discussed in connection with sim-
“plé lines, areas, and volumes must be

NN ) kept in mind when using pictorial
Exarerr 14‘—-Pictoﬁ£:'.gom__ forms, ' _ _
P of g5 : ¢ i:l i . . . _
oty o Su3 -y ™ 16 35 espocially diffcult to com
. RS, pare Nregular areas such as those
shown in Bxhibit 14, Although the method s quite effective in

{7

7 SWIFT AnD com
{\\ " FIFTEEN PR CENT

) SWIFT AND : )
)7 | CoMPANY . : )
ALL OTHER
TANNERS

_ﬂJHHCE OF DATA‘—W‘IFI' EY .m“‘Pl.N?
Exmmrr 15.—Piatoria) comperizon of sise on g line basis. Bager to read than
. . Exhibit 14,

PANY MAKES LESS THAN
OF THE COUNTRY'S LEATHER
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be given by using a chart like Exhibit 15, Swift does not tan

smaller hides but a smaller number
of hides, In making .a popular
appeal, the use of the illustrations
of hides in both Exhibits 14 and 15
makes the chart much more effeetive
than would the use of ordinary bars.
It is still more difficult to make the
~ comparison.in FExhibit 16, since vol-
umes must be considered. Here the
attempt to make a striking appeal has

Pxamrr 16—A stnk:mg op-
peal, but difficult to comparg

sizes. (C’om'.ﬁesy of Bwift gnd \'

o} N\

been very successful, which proba,bly is the principal oh,]ect of

THE TEN LARGEST CITIES IN

{POPULATION CEN3US OF

THE UNITEDUS}‘ATES

1930)

7 PHLA- NEW YORK

L)
E 3 DELPHIA
8 h < 10480981 E,530 445

CHICAGD DETROIT -

FATEAIS 1,568,862

%

BALTIMARE L{E@

il
i

Examrr 17.—A poor method of comparing the populations of citics. Heights
of persons are propurtmnal to population represented. The reader uncon-
seiously makes the comparison on & volnme basia,

: the chart, but it is not easy to make an accurate comparison

of size.

Q.
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= The purpose of Exhibit 17 is to compare sizes of cities. Itis
supposed to show, fori nstance, that New York is approximately
twice as large as Chicago, but, ag a matter of fact, the effect is
that New York is much more than twice as large. The chart
is s0 drawn that the heights of the figures are proportional to
the humbers represented. Charts of this kind are quite com-
mon and usually give false impressions, as the reader compares
the figures on a wvolume basis which greatly exaggerates the
actual differences in the numbers represented. If it is desired

o\ v
 PERSONS PER CAR IN THE (™
UNITED STATES—1933 (')

306 i § 4 4
CAFOANA - LEADS \‘
. T 9 .\
A fmim § 01 - L\
. HEVADA NG

. 576 Gk I Y N
e www,dbrmggtmg“tmm
B — I\[] i
- PENRSYLSBNIA - SECOND 1N POPLE ATION

oy YRR

. &yﬁsmsmpl

o\
L NROT ey k4
N ALABAMA-LAST

IR RRERE

N\

. _.E;xﬂrgxzi-,lk.—(}opd popular presentation. ibi -

_ ?;c?;:g il:.: oﬁaﬁ?m?;l 8 line orp bar hasis. (f;:xdtm %b;:obgs ﬂ'&c:;'

. N,‘Eq,.use the 'ﬁgur_es of pergong in popular presentations of this type,
'S Wt is far bett_er_ t0 represent the numbers, not by the heights of
persong, but by rows of persens evenly spaced with the lengths

of the rows proportional to the numbers- rei)resented. New
York does not have larger persons than Chicago, but a larger
humber of persons. This principle is brought out by Exhibit 18
which Bhans .tkg_-nqmber. of persons per ear for given states. The
figures are equally spaced with the lengths of the rows exactly
proportional to the numbers of p'ersons-repres'ented. Another
method of making g popular presentation of similar sutomobile
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figures is illustrated by Exhibit 19. When it is desirable to use
figures of persons to express numbers, methods such as those
shown in Exhibits 18 and 19 should be used, for they have all of
the advantages of Exhibit 17 and do not have the serious fault of
leaving a very inaccurate impression.!

There are many pictorial figures that can be used in popular
prescntations, which may be made to vary in only one dimension
without throwing them oui of proportion, as would be the ease
in varying only the heights of persons. This is illustrated by

PROPORTION OF AUTOMOBILES TO POPULATION, 1922\

HIGHEST RATIO N\

n

- Exprpir 19.—Good for oﬁta.m types of popular presentation.,

+$)

Exhibit 20 in which héighf is the only dimension that changes.
It is very casy to seg‘from this chart that automobile sales are
nearly twice that Ot gach of the other three products represented.
Note that thestitle “The Skyscraper of Industry” makes the
uge of bul].{ngs instead of bars partleula.rlx gignificant. This
chart might‘be improved by using the same style of iront for
ali of t.\]ie' buildings, since the only difference o be represented
is, tha.t of size measured in terms of dollars.

"lcre is a fairly common use of spectacular designs, such as
Exhibit 21, which mean nothing in particular, as it is practically
impossible to interpret them. In this instanee there is little, if

1 An extensive system of symbols, simifar to those used in Exhibits 16 and
18, has heen worked out by Dr. Otto Neurath; Director, International
Fuundatmn for the Promotion of Visual Edueation and of Mundaneum
Institute (The Hague) in an attempt to develop an international picture
language,
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any, .considera.tion on the part of the illustrator for an effectiy
- comparison of sizes, as the chief aim is to build up a striking
architectural form, :

MOTOR VEHICLE MANUPACTURE
THE SKYSCRAPER OF INDUSTRY .

'FIRST AMONG FINISHED PRODUGTS. )

o." 3

Engu%r 20.—Good pietorial Presentation Gine or par basis}. (Courtesf.i of
S lAwOmabs'Ie Manufacturers Assaciation.)
A~C Bs}r Charts.—The mest €OMmon me
" senting comparisons of size i3 by ¢
113
bar chart.” Therg are several vy,

thod of__ graphically repre-.
ne form .or another of the
rfa,tions of this form of chart

: several items
; elude eertain details, such as a
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clear title, a properly constructed secale, and an explanation of

units used. .
Vertical and Horizontal Bars.—There is no particular rule for

choosing between vertical and horizontal bars, except that those

coMpaétsqn oF
VALUE OF MINERAL PRODUCTS.
_ BY STATES - 1917

o

H‘@L"m ibrary.orglin
llingis %

’ p Onlghoma
wieat Virgann
4 PRrnzylyania

€3
7 3

€€ ™
Exm;aﬁ\‘z\l.—Very poor presentation.

R
¢t\"
BOSTON TONCHICHS
900 D‘nﬂw
<&
o\ . _
G“E?EE”{'LE“GT" OF . —
CALIFORNIA -850 MILES "
2 \¥ : : EMPIFE STATE  WOOLWORTH
) - : BUIL DING TOWER
\ 1248 FT. 792 FT.
Exmisrr 22.—8imple horizontal bar chart. ExmmiT 23.—8imple vertical

-har chart.

should be used which will enable the reader to understand fhe
chart the most readily.! In cases where the things represented

1 This statement applies only to simple eomparisons of size. In show-
ing time series, only vertical bars should be used, sce p. 59.
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ABSENTEEISM BY DEPARTMENTS

t Forge Abseid
5 _a
_ ]

[l

Per Cent of Payrol

B BLACKSHITHS
£ CARPENTERS -

of Imiustrm Mea:

NN

Exﬂ.mn' 24 —Compm with Exh:blt 25 for e of\eading lettering. (Clouriesy
. mant.)

—— ': o 1ol o d
W W W O DTt e o
. ~

REASONS .’F.'C)R_ TERMINATIONS

“' " NOMBER OF PEmsONs
,,o»zo.wu- £

70 #0 S0 00
07 BN
. cmmmagmu,

ML HEALT

NoTuero sTasvary

\ BACK TOFABRINGID (O

:'\ N RAMILY AFFAIRS

\“ LOSING TiME

TN\ . Wees

o\ mmmmm»
\ . IHCONPETENT
LOAFINS

. INSUBORDISTION
HOUSING
UNRELANLITY
DE&TH

- PUYSICAL

Exmrr 25. ——Easler for the business man

to. read than Ex]nblt. 24,  (Courtesy
of Industrial Mana,gemefw ) .
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vary naturally in either a horizontal or vertical direction, the
bars usually are made to vary in the corresponding direction.
For instance, the bars in a comparison of the distance from Boston
to Chicago with the greatest length of California would naturally -
be made in & horizontal direction (Exhibit 22), while those in a
comparizon of the height of the Empire State Building with that
of the Woolworth Building would be made to extend vertically
(Exhibit 23). = Convenienee in reading the lettering is another
point that must be considered when choosing between horizontal\}
and vertical bars. If horizontal bars had been used in Exhibit 24

.
7 %&
3

VALUE OF METALS USED BY R4
THE SMITH MANUFACTURING COMRANY

IHOUSANDS OF - 1930 LA
DOLLARS 9\

‘g.in

[+] -
COPFER IRON ZNC LEAD SILVER

&

Exuierr 26.—Cotrect use of bar-chart geale. 'The seale shoutd begin with sero
\ ) ) : a8 shown., : i

N . .
the désignations of the bars could have heen lettered horizontally,
'Wh‘ich would bave made the chart much easier for the average
business man to read (compare with Exhibit 25). For this
reason, many statisticians prefer to use the horizontal bar chart
exclusively when making simple comparisons of Hize. _ :

Bar Chart Scales.—Except in cases of rough or popular com-
parisons, it is important to include a scale on a bar chart. A
seale enables one to read -and check for accuracy much more
easily than when thie bars are presented without one. It is
a fundamental rule in making bar charts that the scale begin
- with zero (Exhibit 26). This rule is sometimes broken by the
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inexperienced chart maker, and the values are inaccurately!
represented as in Exhibit 27, The bar for eopper is about twice ;
-as long as the bar for silver when correctly drawn (Exhibit 26). j_
But if the scale begins with ten instead of zero (Exhibit 27), the :
incorrect graphic impression is that copper is about ten times.
a8 important ag silver, _
Scales should be Iaid out in round numbers of convenient inter- |
~vals. A keen sense of form, appearance, and purpose is the best
guide in scale making. - These will be gained with expericnde.
The units should be so selected that the eye can read them feasily 3

- and earry them across the chart with the aid of 'gujde lines '

P ¢

 VALUE OF METALS USED .BY¢)"
THE SMITH MANUFACTURING COMPANY
N\

THOUSANDS OF 1930
DOLLARS -

COPPER \IF&N ZNeC LEAD  SLVER

. ) . .0 .
. len i‘ﬁsz? i'_t_IY'ary & tice. The scale does not begin with gero, hence the
£ng - 0 ) b{u;s‘ do not represent the sizes accurately. (See Exhibit 26.)

L \ ¥ .
(Exhibit %Ql; The zero lines of all charts should be made heavy
. E they will'be sharply distinguished from th’e"é’;}'i(ar lighter guide
" e\ Seales such as 0, 3, 8,9, 0r 0, 7, 14 should not be used as
€Y, are hard to read. It ig much easier to read a seale of units,

2%, 5's, or multiplos of 10, or h
a\T & : H al
V50, 75, ote. T ves and quarters of 100, as 25,

0, 00 many numbers in the scale are confusing and
I;hnugterb:alzher?han_aad in reading the chart (Exhibit 28). T
st fmf in @nd that the purpose of graphic methods in
‘ o83 statistics 18 to present a picture of figures, and that

1 which actual values are to be
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The commonly accepied position for the seale of a vertical
* bar chart is on the left and outside the background of guide
Tines (Exhibit 26). Fach number should be exactly opposite the -

THOUSANDS OF 1930
DOLLARS

VALUE OF METALS USED BY
THE SMITH MANUFACTURING COMPANY

BN DD BT T BTSSR Reh

COPPER IRON ZINC

LEADE ) SIVER

%

Exmmrr 28.—Too many scale numbers and fo# LS GRS EGdE the chart.
(Compare with Exhibit 26.)

line which it represents (Ex.h’ibif 26). If it is desirable to have
a scale on the right of phe,\graph, one may be placed there in
addition to the one ofithe left, but the left scale should in no

casc be omitted. e units repre-

sented by the s¢ale sbould be indi-

cated clearly by a caption lettered
horizontally{at the top of the col-

umn of figires (Exhibits 26 and -

. 294), - UPhis is preferable to the
: mebﬁe\d of lettering vertically along
the/side of the column (Exhibit
29B), as the business reader, who
often is not adept at reading engi-
neering drawings, does not have to
turn his head or the paper. Ex-

DOLLARS
G0

50
40

Exmmir 29.—Pogition of acale
unit designations on vertical bar
charts. A, Beat praectice for busi-
ness charts. B, Common engi-
neering practice.

. pressions such as “1 inch = $100" are not used in statistical
" charting. The scale on the graph is much more convenient and
. furnishes all the aid necessary for messuring the different bars.
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. ¢ Exwtsrr 30.—Designating hori-
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. The seale on horizontal bar charts is commonly placed along:
- the top just above the bars (Exhibit 30). It may be placed along’
the bottom aiso.if it will add anything to the clearness of the
chart. "The seale units of Exhibit 30 are thousands of dollars, |
., gwseiermus  and this fact should be indicated as;
EasTERN i ShOWLL by the designation just above'
===il the scale. If there is a scale belt?w .-
. Presi—— . the chart, the designation of ug.l’pﬂ-_it
would be shown, of course, just undéz-§
L e ?Mm sales neath the sca.l:e. Exhibit 31(Hlus-:
" trates a good method of including a scale when no bagkground
. of guide lines is used. Y,

Guide Lines to Aid in Reading Scales or Comparing Bars.— |
When making charts for careful reading, it usually is best to-
include-a. background of guide lines which gssist in comparing |
the bars or reading from the scale (Exhibit,32). Judgment must
be used in selecting the number of linés 4o be included on the ;
finished chart. Too many lines are a3,bad as too few. Exhibit

\-.fwldbrauljbrary,oran' 2

DISTRBUTON OF SALES
‘BY TERRITORIES, 1935

TERRITORIESS

NORTHEAST,, W ——
Nom@r.s} . ————
SOUTHEAST  Soe—

'.s;oumwsm —

| —} 1 Il L Il L i I
0 2 34 5 g 7 g g0 -
PN . SCALE 1 THOUSANDS OF DoLLARG '©

Ex:u@%\;fl——.& method of including & scale when no background of guide lines
o\ is nsed.

o ?S‘i]luatrates the use of too many lines (compare Exhibits 26
) and 28). These lines should not be prominent and should appear
to be behind.the-bg;rs._- That, is, they should be drawn between,
not through, the bars (Exhibit 32). - This poiat is not so impor-

tant, of course, in the case of solid black bars as when shaded,
0010"‘_—*‘:1:_ or outlined bars are used.: ' : '

Bars,— Designationg explaining what vertical bars
ent usua.l_]_y are placed underneath the bars as shown in
hibit 83. Tt is sometimes desirable to present statistieal figures
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as part of a chart, and in cases of this kind they may be placed
_underneatn the designations, as in Exhibit 33. This position
is convenient for recording and reading and in no way interferes

. <. - THOUSANDS
THOUSANDS OF DOLLARS WD
QP Ol PR e O PgEARS
RAW o . [ 1
MATERIAL S : a0
BAANL-
FACTURING ! 15
SELLING | - ] . 0
5 }
GENERAL
EXPENSE |

ExszpiT 32.—Guide lines for reading the. ase
* " ouilined shaded or colored bars.

- RAW  MANJ- SELL- -

MATER- FAC- NG

IALS  TURING

eraL
EXPENSER

~ N

ale should not be dfawn through

with the effect of the chart. It is not good, pra.cﬁce to place
figures at the upper ends of vertical bars, a,s’,ﬁié effect is to add
to their lengths, thereby giving a false impression of the com-

MILLIONS OF
DOLLARS

WW);;dbraulibral'y,or in

LEADING EXPORT MARKETS FOR AMERICA
MOTOR TﬁUCKS"lQZB

INCLUDING BUSSES AND,CHASSIS BUT EXCLUDNG ELECTRIC

\!N:U\E BY COUNTRIES

g

\ o
PR : ARGEN-  UMITEG  AUS—
\ TIMA,  KINGDOM  TRALIA

BRAZIL.  SWEDEN

2R BA52.32 LA350240 BTSN $3TRRAD

Examrr 33.—Designating bars and tabulating dats on vertieal bar charta.

parison. When no scale is used and only a few bars are shown,
the designations are sometimes placed within the bars, and for
popular presentation this is quite effective but it has no advantage
* over the position illustrated in Exhibit 33.
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. Tixhibit 33 also illustrates the point that, in designating bars,’
- words should be divided if they are too long for the spaces
. allowed. They should also be lined up with reference to the:
zero line as shown. _
Designations explaining what is represented by horizontal ;

- bars are placed on the left as illustrated by Exhibit 344 and B.’
The values represented also may be tabulated as shown in these

Q 5 0 15 20 25 30 35

HOME STORE $31.46892
~ POSTVILLE BR.$11,267,65

MLBURN BR, & 6921.32 \ 3
THORN R. BR, § 5.982,64. 1
A.~VERY GOOD S
c_ 5 mumoreréma;;,%, 35
IA6L92
511,267,6%
$892132
5598264
N\ mousmoﬁ OF DOLLARS
-« 28J 5 W 15 20 25 ag 3%
HDME\Q‘_C'"‘E saiess2
POSTWLLE AR, $11l267.5
. ,‘\I;HLEURN BR. $6,92132
/50 THORN R. BR s59826

£\

O _ © €.~ BAD

_ ’E;Qn - 34.—-—Damgnaﬁng. bars and tabulating data on horizontal bar charte.
. (Mustrations (Exhibit 844 and B). The arrangement of Exhibit
N\“344 is pref_erred, as it is easier to read than B, especially if there
are great differences in the lengths of the bars. Numbers should
not be placed at the ends of horizontal bars as in Exhibit 34C,
i):;,_cause_ the effect is that the lengths of the numbers are added
valﬂx; Ifsngi.;hs qf the bfxrs and a wrong impression of the relative
e given. A still more objectionable plan is to block in
eeigo: qns-a:_nd data within the bars as in Exhibit 35, This
0 ]ectlmrf applies {0 both vertiecal and horizontal bars. In such
cases it is probable that the reader will unconsciouslsr compare
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the solid parts at the right of the parrow column of figures
instead of the entire lengths. In Exhibit 35 one cannot tell
what is represented by the columns of figures, since no captions
or other explanations are given. Charts always should be com-
plete in such details, leaving nothing which might be unintelli-
gible or falsely read to be explained in an accompanying text.
Another criticism of Exhibit 35 is that the lettering at the
extreme left and the numbers of the scale read from fop to
bottom, while they should read from bottom to top if they are
to be read vertically. It would be better to turn the scales

2N\
Pay
Ny

LIFIGENCY MZASES NCOME

COMPARISON OF PRODUCTION COSTS 240
VARIOUS MASSACHUSETTS ELECTRIC COMDANIDS
) » > a u 5 5 3 .1\\5’ H $

& . B
TOST Of GENDRATAG NGENTS PIR KWeil

Examrr 35.—Bad pmtwe 1 Sking-in has the effoct of breaking the bars.
(Also lettered i mcor ctly and lacks explanation of unita.)

numbers so that th\ey “ould be read horizentally, In this par-
ticular case (Fixhibit 35) it is possible that the chart was made
as a vertical bar'chart and turned to & horizontal posmon by the
© party who Jader used it.

Common Errors,—FExhibit 36 illustrates various bad practices
whlch a.‘re often followed by novieces in graphic work. There
is Sugh a wide difference in the values that, in. order to make
oats show up. well, wheat would be a very long bar. Im such
cases, the objective of showing the true relation is often over-
shadowed by the desire to show the small item. Very small
numbers are practically insignificant when compared with large
numbers. That is, $100, for instance, is practically negligible
when compared with-$1,000,000 and should be shown in that
light. Exhibit 86 represents a hypothetical case, but all of the
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ShaPeB*&nd methods illustrated were taken from charts publ'. q
1ix reports and magazines, :

SALES OF WHEAT, CORN, AND OATS
BY THE SMITH GRAIN COMPANY 1835

WHEAT SIGRO00
CIORN & 25000
OAFS 3 16000

L,

WHEAT®  CORM OATS WHEAT CORM OATS wn:mm osTS \'ME-“R
. A \

Exererr 36— Right and wrong pra.ctwes A, Wrohg; the first bar i
times as wide a8 the others—lengths only should, B, Wrong; very
compare lengths, ¢, Wrong: difficult to somgate lengtha. I, Wrong; coT
vigual comparizon is impossikle because paft/of the bar is not shown. E, Righ
(& seale and baclkground of guide lines would'further improve this chart. )

T

_WW dhx&ulakl?i‘”aﬁwues OF THE

. FARNSWDRTH*BALDW!N COMPANY
p— ¢ \BY BRANCHES, 1930

1

. MAY% STORE THORN RIVER
L $24,202, $7.206° _F%s;fgia‘i"i yé‘?%%%”

P

ExwrRiT 37 —H8howing loss and gain with vertical bars

SOS:ermgth]SDecreases or Losses along with Increases or Gains
mlm::) ég_- hdlscussuon of bar charts has covered only posit
8; which are represented by bars extending vertic:
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above the zero line or horizontally to the right of the zero line.
When decreases or losses are represented along with increases
or profits, they are commonly shown as in Exhibit 37 or as in
Part A of Iixhibit 38; that is, the negative values are represented
by vertical bars extenchng downward irom the zero line or by

ALTERNATIVE METHODS OF SHOWING

PERCENTAGE CHANGE O\
£\
FER CENT DECREASE  PER CENT INCREASE g
reRRiTORiEs . 22 20 15 10 5 0 "5 10 5 20 zs N

EASTERN e— K7,

. { ¢
WESTERN — O\
NORTHERN —
SOUTHERN — \\ J
HORTHEASTERN —*”-
NORTHWESTERN ——
SOUTHEASTERN —— . |

o\l
SOUTHWESTERN vl wAMTRLE .orjg.in
oA

4
\IOO PER CENT = 1933
N S— 934
PER CENT
TERRITORIES 0\&20 30 40 SO 60 TO AD 90 WO IO 120
LASTERN @ - AT ——
WESTERN 2
NOF!THE.RN\
S50UT —
NORTHEASTERN
HWESTERN
Am:qmsnnn
. * SOUTHWESTERN [
P '\ , . . B

\‘;

Exameir 3% —Showing loss and gain with horizontal bars.

herizontal bars extending to the left from the zero line. Part B
of Exhibit 38 illustrates another method of presenting the
percentage change shown in Part A. . In both parts of Exhibit 38,
the problem is to compare the territories with reference to the
changes that have taken place since the previous vear. Im 4,
simply. the inereases and decreases are represented. In' B, the
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previous year is considered as 100 per cent, and .the Imrcenta,%1 :
that the present year is of the previous year is ropre?enje
Both methods are clear and accurate, but the one used in 4 i
the most easily understood by the average person. . ]
. Systematic Order of Items.—The items represented in gng
kind of presentation should always be arrangeq w1_th 1-§feren¢:' _%
to some systematic order. The most common in size (:ompan-::,
sons iz the order of size, but it is often preferable to use soy%f:é
other order, such as the alphabetieal, geographical, or age\Mn

E

\ ;

COMMERCIAL FAILURES—1934 PAY ) :

ASSETS AND LIABILITIES BY SECTIONS,

MLLIONS OF "G
-]

130

100

NEW  HUDDLE SOOTH S0UTH CENTRAL OF WES
ENGLAND ATLANTIC ATLANTIC CENTRAL  EAST ~ C b
NG m oassers B UABILITES
SOURCE OF DATA - DIM'S REVIEW .
AN
, .,Exm:am 39

. ~—Comparing different groups with vertieal bars.
my%, some s

ysternatic order should be used, for nothing is
logt ‘and both cle

arness and ease of reading are added.

of Differences.—Bar charts are often made, not
e differences between the sizes of various aggre-

gates, but also to compare the differences between certain groups.

, & comparison of liabilities by sections
of arsets and liahilities in each section,

differences within each pair of
for the group as a, whole. . T
were greatest in the Midd]

, & comparison
and a comparison of the
assets and liabilities by sections
hus, one sees that failure liabilities
e Atlantic and Central Eastern Sec-
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tions. -And one also sees that in the Middle Atlantic States
liabilitics were almost twice as great as assets, while in the
Central East liabilities were much less than twice as great as
assets, Furthermore, these different relations between- assets
and liabilities can be compared readily throughout the eight
gections. '

FORSYTH FURNITURE COMPANY

SALESMEN'S SALES—MARCH 1935

AMODUNTS SOLD FOR CASH, ON ACCOUNT, AND 28N
ON THE INSTALLMENT PLAN

Trousanos OF DoLLARS N\
o 5 w - 15 20 ™

F. B. Bowen

JoHN B, Carn §

M. FuLLer

: wﬂ.r'dt raulibrary jorg.ip

5. MCGRATH

L. W ROBB\
H T Watson

't\u
O\Y

] Sout For CASH
Solp On ACCOUNT
Z4 INSTALLMENT PLAN

I~

N
.’\f

X

\ .
\ / Examir 40.—Comparing different groups with horizontal bars.

In Exhibit 40 the differences in the types of sales made by the
different salesmen may be compared. This comparison could be
made with component bars (see Exhibits 48, 49, 50, and 59) which
would bring out more clearly the totals sold but would not show
so clearly the actual differcnces in sales by classes.

When comparisons stch as those in Exhibits 39 and 40 are
made, the bars should be arranged in pairs or groups as shown.
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Thus, in Exhibit 39, there are two items (assets and liabilities)
shown for each of eight geographic sections, and the bars are
arranged in pairs with enough space between the Pairs to separate
them distinctly.! These pairs can then be compared easily and
the differences considered. The chart in Exhibit 40 would be
much more difficult to read if the bars were nof grouped for each
salesman. Whatever the arrangement may be in such charts,

" there should be substantially more space between pairs or grot}gs
than between the bars within each pair or group.

T

, - W)
Exmzir 41.—Mechanical wall chart for comparingﬁiﬁemnt groups. (Courtesy
)

: of Bducational Eaxhibition Co.
www.dbraulibrary.org.in \®

N
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LAY G| o
[
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L T "
2 HEE

& RAT, L4
KN JACORS )
L

* Examir 42.‘-—1\1![Qéhﬁnical wall chars. (Courtesy of Bduentional Ezhibition Ce.)
In su:c'k},}aaes as those Mlustrated in Exhibits 39, 40, and 41,
it is n'gqessary 80 to shade or color the harg that they will not be
eonf.;}sed. The original chart of Exhibit 41 has s green ribbon
N for'quota and a red one for work done. In Exhibit 39 the solid
{ YAr represents assefy throughout the comparison, while the
¢ross-hatched ‘bar represents liahilities throughout, and there

18 one of each for every section, . The explanations of the dif-
ferent kinds of sha ing ot coloring may be made as in Exhibit 41,
in which all dotted bars are designated “quota™ and ail solid

! A simple method of laying out the irregular s

, . pacing of these bars to fit
8 given space is described on P 224, _ .
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bars arc designated “sold,” or they may be explained as in
Exhibits 39 and 40, in which a key or legend shows what each
kind of shading represents:throughous. :
Common Unit Necessary.—It is necessary, of course, to use a
common unit in making all comparisons of size. It means
hothing to make a chart comparing, for instance, 10 dozen
oranges and 50 pounds of prunes. The unit of measurement
must be one that is common 10 both items eompared.
Mechanical Bar Charts.—The charts shown in Exhibits 4h,
42, and 43 are _mechanical wall charts. The one shown i
Fxhibit 42 is made in several forms and eombinations for showing

¥ Pih s

. ) '@gt T 43.—A homemad
sales, pntmcti-on, stocks,-and other data. The bars are movable
ribbofis} which may be made longer or shorter at will by setting
e fhbs at the ends. The type of chart shown in Exhibit 41 is
Wseful in making such comparisons as salesmen’s or department’s
quotas with their actual sales, as the chart will show clearly how
much the guota is under- or oversold. The background lines
represeniing minor divigions are not necessary for reading the
chart, but they are helpful in setting the movable bars.

Exhibit 43 shows a mechanical bar chart which can be made
eagily and cheaply. "This particular chart shows actual sales
and quotas of salesmen. Fach salesman’s name is placed
on the left margin, and to the right of this are two small holes
made by a pin. Through the top hole runs a red string (black

e mechanical wall chart.
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ini the illustration) representing the quota, and through the bot-
tom hole runs a blue string (white in the illustration) represcnting
actual sales. The small holes hold the strings and they may |
be stretched taut aeross to the tacks at the movable ends uf the
bars. The board itself may be covered with cross-section
paper.! _

Comparisons of the Component Parts of an Aggregate.—Up to
the present point thig chapter has been devoted to comparisonsof
separate aggregates and comparisons of differences betiwe'en _
groups of aggregates. Another important problem \iim “pize

Ny

Tribune Prints Third of All JON
Chicago Lineage R4

S

7N

.

Ex_nn_m: 44 —A pie \:@u

t cotrectly made, (Courtesy of Chisago Tribune)

© eomparisons igsthat of comparing the eomponent parts of an
aggregate, oudWith another or one with the whole. The method
illustrated/dn " Exhibit 44, commonly called the *pie chart,”
probablysis the mogt generally known because of its wide use
in pemilar presentations, This form has been eriticized on
theground that it is difficult to compare the relative sizes of the
“seetors, but this is not a serious fault sinee practically everyone
beging early in his career to practice judging the relative sizes
of sectors of pies and ig quite familiar with the process of judging
such shapes. Tt ig probable, 'however, that many persons can

read a component bar chart (Exhibits 49 and 50) more aceurately-
than a pie chart,

* Another mechanical bar chart, (Presenting & time series) is illustrated on
p. 59. _ '
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The Pie Chart.—The pie chari permits a convenient arrange-
ment of the designations of the different components as well as
the percentages and actual values represented. The wording
should be placed inside the sectors when possible, and it always .
should be so placed that it reads horizontally (Exhibit 44), The
wording never should be placed in such a way that it reads radiat-
ing from the center or following the circle as in Exhibit 45, far £
such arrangements of lettering are much more difficult and con-
fusing to read than horizontal lettering. Exhibit 45 attemp\té‘tb

L

.
7%
S

WHERE YOUR TaX DOLLARS GO
BIGGEST SLICES GO FOR WAR

P

drg.in

N

o Clixamare 46.—A pie chart not correctly made.

show 3}%&6 range of extremes and minor subdivisions within
the .I\Iiﬁ-ﬁor cectors. Usually these small items are not important
sendugh to be shown separately, but, if this iz desirable, a better
téthod of dividing a sector, or showing components of a com-
ponent, is to use light or even dotted lines to mark the subdivi-
sions, while the major sectors are limited by heavy lines, Also
if a sector must be subdivided, it should be cut by a line radiating
from the center, and not by an arc drawn. across the scetor. '
If & pie chart is to be most effective, the sectors should usually
be made to stand out separately by coloring or shading. Care
should be taken so to choose and arrange colors or shading that -
they will not emphasize the importance of some sectors as com-
pared with others, but will show only the fact that different items
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are represented. For instance, & solid black sector will stand
out more prominently than a cross-hatched sector of the same
size, or a bright red will stand out more than a dull gray. The
size alone of the seetor should signify its importance.

. The sectors of a pie chart should b arranged according to some
systematic order, Usually they are arranged in order of size,
and the most generally followed order is from large to smallin 4
clockwise direction beginning at the top as illustrated ipsExhibit
4. Of course, a sector Tepresenting a combination ‘ef“deveral

N

W
A\ ¥
O eI
- " R
PR, > s :
. § . Exmmir 46— 4 bictorial pie chart,
2 8 :

#mall items, and designated ¢

K all others,” naturally would be
o \Eiven last place even if it we

re larger than some of the other

. those used in certain
popular magagines and tewspapers or in children’s books and
magarines. ' o
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In making an appeal to certain types of business men, a very
effective application of the pie-chart prineiple is shown in
‘Txhibit 46. Exhibit 47 shows another presentation of similar
figures which is casily understood by the average reader. It is
simply & bar chart made up in popular form to represent the
component parts of a dollar. The ordinary bar chart is often
used in this manner to show component parts.!

ExXursIT 47.-— Another pictorial mi@thod of showing data similar to that of Exhibit
46. (Cg‘lﬁ;gxy of General Blectric Co.}

The Component,B; Chart.—An excellent form for showing
the componentpatts of a whole is the component bar (Exhibits
48, 49, and 50),\/The component bar may extend either vertically
or horizo taﬁy, but the direction should be ehosen that will make
the chartinost easy to read. The designations of the different
componbrits may be placed within the bar (Exhibits 48 and 49) or
outdide the bar as in Exhibit 50. It is well to show scales on these
Bharts as o further aid in reading and checking (see Exhibits 48
and 50). If designations are placed outside a vertical bar, it is
usually best to place them at the right of the middle of each

"1 For additional discussions of pie charts and component bars, see Waltes
Crosby Eels, “The Relative Merits of Circles and Bars for Presenting Com-
pouent Paris,” Journal of the Americon Statistical Associalion, June, 1926:
R. von Huyhn, A Discussicn of the Fels Experiment,” and Frederick E.
Croxton, “Some Additional Data,” Journal of the American Statistical Asso-
clation, March, 1927.
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component as in Exhibit 50, This leaves the left side (ree for &

_seale, while designations of uneven length will be close to their

components and still begin in & straight vertical colum. _
The components should be arranged in a systematic t‘;}'dcr such:
as size. If the order of size is followed, a vertical bar will appesr

. APound of Beef~From Producer to Consumer
25-.-: e Approximate average N\
— setoll price .
- RETAILER O\
o — 214 % R\
0 — g C
- 18.30c R i
= PACKER e it Comfany
— 9% | 16.02¢ Paid by Swit &Cbmpny
s — )
10— . 7 N
- PRODUCER RS
w v ) rauliﬁ'ﬁ?‘_}r,org,. NAN
8 i "
o = ay

Exmmrr 48.—A verticsl Aotiponent bar, (Courtesy of Commercial Research
. ..m’\l)_s'pcm‘mem, Swift and Co.)
'S

&\

WHERE CANADA'S IMMIGRATION
COMES FROM*I933

Exwrarr 49,4 horizontal component bar,

less .tgphea;vy if the larger sections are at the bottom. In
Ex}?1b1t 48 the order of &ize Was not used since the packer natur-

ally cquas between the producer and the retailer.
The d@cussion of differentiating pie-chart sectors by coloring
and shading applieg equally well to bar components, While it
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is well to differentiate the components, care must be taken not to
emphasize some of them by using too strong eross-hatehing or too
brilliant colors. '
Complicated Forms Should Be Avoided.—Exhibit 51 is a com-
.bination of a component bar and B
gimple bar chart. The number

of pounds of the different cuts of DISTRIBUTION OF SALES

beef ure shown in the horizontal - 1935 _
component bar. The vertical o memenwr A
length of each component repre- : - o O

2] 12 PERICENT
' 4 A :

X

scnts the price of the cut. The 90
arca of each rectangle represents
the total amount received for _
the cut. This chart, however, 7o
is not easy for the average

reader to understand, and simi-
 lar figures for the following year P\
were represented as in Exhibit 52w .dbraulibya

~

which tells the story very simply |

S

&0 OPERATING
EXPENSE

$45,780 .
26 PER CENT

COST OF
MERCHANDISE

and clearly. An objeetion toy _ gogzo
the plan used in Exhibit 52 18 ' 20 :

that the bars representing :

pounds extend to the e{ﬁo‘f the [ o

base line. This prastice should o

be reserved for sshowing de-
creases, losses, And other nega- _
tive quantitiesgwhile horizontal Fxm=r Eﬂgr‘&wi‘t"ﬁr::;ﬂ‘ comgponent
bars represéiiting positive figures .
should gxbend to the right of the zero base (see Part 4 of Exhibit
38 onpige 35). .
{In)ihe sales profit and loss analysis chart shown in Exhibit 53,
the"aim is to give a picture of the profits made on the different
types of merchandise. A, B, C, D, and E are symbols represent-
ing the various classes of commodities. TFhe vertical scale shows
the percentage of profit or loss on each commodity. The
horizontal secale shows the volume of sales of each commodity
expressed as percentages of the total. The area of each rectangle -
represents the amount of profit or loss on each commeodity. An
important objection, however, to this chart is that it is difficult to
compare the different areas. Another method of making the




20,
ns
375 |{30c
N\ Chuck - 0. |25
AN e o |18
\ed IMisceltaneows 17 | 425 E
Shrinkage ! 25| A {Srote Retall Sellmg
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Exmmerr 524 better form 1
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same comparison i3 shown in Exhibit 54. This form ils more
simple in construction than Exhibit 53 but it has three times as

- Variation in Retail Prices for Different Cuts of Beef

40 N A~
a0 \"" )
20
3 _ . o
28 o ¥
10 nﬁ 2 ﬁ §,‘i‘, “ ¥
E? , { 5§
il ALk
L= e E |-|_E ey E Total
Poundy W REW F B Ry T e & 80 63 & o616
Fomemt a6 16 84 L1817 Qe g 1B 102 1.3 100

Exiifbrr 51— A complicated fori\ Bee Exhibit 52. (Courtesy of Commercial
o : Research. Lepartment, Swift and o)

Weightsand Prices
Weight 250 Poung

Portert ight Pounds  Price
and Club Siegk® 7 s

 Sirtoif Brosk a

of Retail Cutsfrom a Side of Beef .
3—Wholewale Price.17.25¢ per Pound -~

j{RRoase Y
. Roiitd Steale 1
\andRumpRuast 5 -
N\

or showing similar dats to that of Exhibit 51.
Note, however, that the practice of extending hars to the left of the zero base
should ordinarily he reserved for showing minus quantities. See Exhibit 38,
Part A, (Courtesy of Commercial Research, Department, Swifi and Co.}

many bars. As general rule,

however, it is well to keep aWtiY_
from the use of forms that invol

ve the eomparison of areas if it, is
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Sales Profit and Loss Analysis

»
°
@ A

o~

° T " ot

WS rdry prg.in

l

Lz;ss N

L

ExHmBIT 53.T0;mplicated Jorms Eike this should be avaided.

b 4
0\’ »
O" LOSS
AN\ SALES PROFIT AND LOS:
O ANALYSIS BY COMMODITIES
NV per cent pER T pOLLARS. 000 -
P egl IT LOSS ROFIT . FER CENT 10l OMTTED)
3 BoL' 2010 0 D ;o_:-_mm so_ 0 20 40 60 20 wo__ 4020 0 2049 60 80 100
A = | : b —— o =]
& T et h—
< Ll == o [ e
D o= i g s e S Hilll
E . T
e il ez
HOWS 1S SHOWS WHAT PART THIS SHOWS THE RESULT-
TTGSE %F m:prso??og‘s.r 1;:'10! COMMODITY 15 OF u\n[g;,0 Pﬁg ::g é.gs.ls_ SI-N
. “THE TOTAL SALES IN oL .
ON EACH COMMODITY. THE TOTAL SALES

" Examrr 54—A more simple method of showing the data of Exhibit 53.
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possible to use forms that vary in only one dimension. It ghould*'z
be noted that the percentage of ‘the total is expressed in the

ExH1BIT 55.—A pictorial. com

Why It Costs So Much
- To Mine Anthracite

wa.dbl'aulibral'y,or: i

N N

“yConference,)

pohent bar, (Courtesy of Anthracite Operators'

central group in Exhibit 54 by
and showing the Petcentage

3
. ","
HOW THE \QMERICAN FAMLY SPENDS ITS DOLLAR
DATANFROM NATIONAL INDUSTRIAL CONFERENCE BOARD

- PGLOTHING.
[-5-4

o
Exnmir 56,4 pietorial component bar.

¥ indicating 100 per cent in outline ..
for each commodity in solid black.
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The loss figures are shown in red on the originals of both Exhibits
53 and 54. _ .

Pictorial Forms for Showing Component Parts.—In Exhibits
55, 56, and 57 the aim is to add interest and clearness by pieturing
what is represented as well as to show the various component
parts. The irregular shape of the lump of coal in Exhibit 55 does
not permit casy or aeccurate measurement by the reader, but it
s quite effective in showing the divisions roughly and this is

the purpose of the chart. For popular reading Exhibit 56 iE{ &\

N

WHERE THE HEAT GOES R4
IN THE AVERAGE BOILER. PLANE

1 rar‘y,org,ih

~

=

= ~—;-=~_—,;_—‘1‘—_d-_ -
= 5 par cont of Nk et I gases going up the stack —+  _

\<..~

S

EX_HI-BI'T 57.-—A th;)na! eomponent bar. {Courtesy of Naﬁc_mal Engineer.)

good presbritﬁiion to show roughly the distribution: of living
expensesy, Exhibit 57 is an effective presentation of the relation
of heatuised in making steam to the rest of the heat in bituminous
ofal ' : _ -
€omponent Parts of Component Parts.—A method of showing
component parts of component parts is shown in Exhibit 58. If
% component must be subdivided, this method is effective only
for presentation to a trained reader. Bince thjﬁ_pmb]em iz not &
common one, the form shown in Exhibit 59 is better for general
use. Here the major components are separate bars which show
the subdivisions representing minor components within eac¢h bar. _
" Comparisons of Aggregates Made Up of Components.—Up
to this point, the consideration of component parts has included
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Exmmrr 58,
: I }(Compate'with Exhibit 59.)

&

DISTRIBUTION OF THE WORLD'S
PRODUCTION OF TEXTILE FIBRES-I1922
' BY GRAND GEOGRAPHICAL DIVISIONS
PERIO%ENT .
Wool H COT T
Waoy DCEAMIA, CoTron
C:;?_"“ Sun | EUROPE  FlLax HEMP K :\
3 Lowoan, COTTON Fis— a\
Howe—f 4 ™
. 'NORTH AMERICA A
.50 : ~.:\ <
| -wooL LA
WJUTE—1-
25 jcot™ ASIA ¢ ::\\'
M RS
Sll.l}~ )
www.dp) aulil)rary,or’g;jh"
0.0 %\ w0 75 100
SN PER cent ~

AT

A poor_metﬂud of showing component parts of component parts

N\

& DISTRIBUTION OF THE
WORLD'S PRODUCTION OF TEXTILE FIBRES-1922

\M BY GRAND GEQGRAPHICAL ‘DIVISIONS
'\\..

MILLIONS OF DOLLARS
2 3

L\ . a
ad .

—

TOTAL

ASIA

NORTH AMERIC
EURGPE
QCEANIA
SOUTH AMERICA J
AFRICA

E =

. B &7
OL  COTTON sk FLAX  WTE  HEWR

. . EXamrT 59, —Usually 4 better niothod of showing the data of Exhibit 53.
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only fhe comparison of those parts which are within single aggre-
gates. Often it is desirable to compare aggregates made up of
component parts, either with reference to the actual sizes of the

PERCENTAGE OF MINERS LIVING IN THEIR OWN HOMES

SANDOW COAL  COMPANY
JANUARY I, 1935

% 5

MNE NO.I CHERRY CREEK MINE NO2 WAS RN

MAPLE VALLEY MINE NO.3

- LVING 1N OWN. HOMES

LWING TN RENTED OR BOARDING HOWSES

Exmm1T 60.—Use of pie charts in eomparing the QerMmge Qistributions of the
cc.}mponent parts of @Mﬁﬁ}fﬁﬁtg%y_ org.in

N
ON

_

COAL COMPANY
_SANUARY L, (935

PERCENTAGE OF MINERS LIVING IN THEIR OWN HOMES
SAN

L\  em_cant

o o080 90100

O™ _LMNGINOWNHOMES
LviNG N RENTED OR BOARDING HOUSES

Exrsrr 61.—Use of the bar chart in comparing the percentage digtributions of the
. ecomponent parts of different aggregates.

aggregates, or with reference to the percentage distribution of
the parts within the aggregates. If the problem is one of com-
paring the percentage relations of the parts to the whole, either
the pie chart or the component bar chart can be used, as the dif-
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ferent forms representing 100 per cent would be the same size
(Exhibits 60 and 61). When the bar form is used in careful work, -
it is best to show a seale and a background of guide lines as in-
Exhibit 61. If, however, the problem is one of comparing actual -
sizes of aggregates and their components, the bar method should :
be used in preference to the pie chart, Circular areas (Exhibit

Q"

MAIN STORE SALES BRANCH STORE SALES

{_“MAN STORE  BRANCH STORE
$50,000 . 525000 ) Wit P

\/ $50000 $25000

www.dgrauli bral'y,org,j n ) B
Exmmrr 62.—Comparison of aggregq.'t‘és which show component parts. 4, Poor

-practice, ag sizes of circles are difficult to compare. B, Good method, as it i
easy t0 compare bars of differentJengths. ' . :

SN g

i .
4 A HAN—=4% oF U.5. has this —em—p
32, .
Othet )
\¢ ‘\ y tates =% 0P U. 5 have NS -

2 N :
_ F&Hmﬂ_ 63.—Comparison of percentage distributions for popular presentation.
o N (Courtesy of Capper Farm Press, Copyright; 1920,)

p AW -

62_A) are hard to compare, but this difficulty does not arise in
using component bars (Exhibit 628). '-
In both bercentage and actual value comparisons, the ¢ompo-
nents should be differentiated by shading or coloring—each shade

- or color representing the same thing in all the bars or circles.
_ When only g few ageregates are compared, the designations may
!Je Placed on the compenents, as in Exhibit 62; but when many
iteros are compared, it is easier to read the ehart if s key or legend
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descriptive of the eross-hatching or coloring is placed on it as in
Exhibit 61, _ S .
- Exhibit 63 illustrates a method of comparing distributions that
I8 very easy to understand. The relation of one pie chart to
the other is clearly indicated by the descriptive matter and arrows
between the charts. : E

A Common Error in Using Component Bars.—The purpose of A
tomponent bar charts and the nature of the data represented

N
AW,
7N :
. . : N
COMMERCIAL FAILURES—193F T
ASSETS AND LIABILITIES BY SECTIONS «\"
WILLIONS OF . A~
DOLLARS - )
250
200
150
100 ———-
&0
N _
° NEW  WIGDRE  SOUTH  SOUTH CENTRAL CENTRAL WESTERN PACIFIC

ENGLAND"TT.}N“CATLMTIC CENTRAL AST WEST |
X - :
(N m oassETS 0 W LABLITES
o N
SOURCE oF Q‘WA\UUN'S REVIEW

xamry 34-*{*«30:&&10& error. Incorrect, as the ckart does not show component
X parts. {See Exhibit 39 oz page 36.) - :

mushBe clearly understood and should not be confused, as is the
¢38¢'in Exhibit 64 where the black portion and the cross-hatehed
portion of each bar are not-the component parts of an aggregate.
In this figure, both an amount represented by a solid black bar
~and an amount represented by a eross-hatched bhar are measured
from the zerg line, ahd it is not easy to imagine the cross-hatched
?)ar to extend from the zero line with the solid black bar super-
mposed upon it. Assets and liabilities are separate aggregates
and should have been shown by separate bars as in Exhibit 39

on page 36..



54 GrAPHIC METHODS FOR BUSINESS STATISTICS

h

Lo

Checking List.—The following list includes the most important.
points to be observed in making the charts described in thig

chapter, and ean be used when checking a chart to see if it is :
complete ! - '

Did you check for aceuracy ? )
Is the title simple and elear? .Did you place it at the top of the ch , ?
" M. you have used shadings or colors to make any necessary distineions,
ave you included a legend or key to the meanings of the ghadillgs'r_{l"Qolol'S? '.;
Have you placed a convenient scale and a background of lingg\yipen the

chart {0 aid in messuring aizeg? \

Are the faces of the bars free from these lines? ¢ ‘«
* 1z the zero ling heavy? AN °
Are the other zeale lines light? . N\ N

Have you designated the sesle unifs?

Have you given the reference or source? \ )

Does all lettering read horizoutally ? (When :ih\@f)()mible to letter horizon- .
telly, lettering should read from hottom to taPs—never from top to bottom.) -

Are your letters formed according to a’eomtmonly aceepted style of plain
lettering? _ ' W W :

Have you mle\g in &P&a‘ﬂﬁ!h]éﬁi‘ﬂ ngj)mlonal but advisable.)

- I desirab]p,\ﬂave ¥ou included your name (lower right) and date (lower
left)? N

Are pencil lines eraged? o
Will your chart be cleaLQo the reader?

. ¢ \J .
1A checking list fO{\g{Iive charts iz presented on p. 138,

»



CHAPTER IV |
HISTORICAL TIME SERIES —ARITHMETIC CHARTS

In Chapters IV and V the purpose is to describe the graphie ~
methods of presenting data with reference to definite dates:
The comparison of phenomena at different dates probably is he
most important field in business gtatigtics. Thus we may\wish
to compare our sales for last month with our sales for-every
~other month for the past five years in order to deter);m'ﬁe whether

or not we are gaining or losing trade. By presentingthese figures
graphically, we are able to see at a glance a pidfure of the whole
period. : _ \\ .
~ This study of presenting time serics i§ divided into five distinet
parts as follows: _ w-ww,dJ}réulibra1~y,org,jn

1. Size changes in a single variakle over a period of time.

2. Comparisons of size changps{‘in different time variables.
3. Components of & time yatiable. :
4. Rates of change in a single variable.
5. Comparisons of ratés of change in.two or more variables.
Numbcr 1 above &vould be illustrated by a chart of a single
series showing, say;amounts of sales by months, Then the part
of the curve fof’fhe latest month could be compared with the
parts of the crve showing amounts of sales in the same business
for other mdnths. Number 2 would be illustrated by a chart of
more than one series comparing the volume of sales of the main
storgwith the volumes of sales of, say, its branches for the same
llel‘iba. Number 3 might show over a period of time our sales
Sofy say, shoes and how these gales were divided into men’s, -
women’s, and children’s, or how the total was divided into parts
sold by each salesman. Number-4 might show, for instance,
whether our sales were.changing at an increasing or decreasing
rate as compared with the past. In Number 5 one might com-
pare sales of the main store with those of its branches, not to
‘show how much larger the main store is than the others, but to
show by thé slopes of the curves which store is inereasing its
sales at the most rapid rate. :
: : 5&
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The five parts listed on the preceding page are distinet forms
and should be recognized as such. One cannot be used safely
unless the others are understood, and one cannot take the place
of another. They will be considered in the order listed. '

SIZE CHANGES IN A SINGLE VARIABLE OVER A PERIOD OF TIME.
In this kind of eomparison, the problem is to show the sizes

of the phenomena, at different, dates, Thus, one might ComP}ﬂ'ﬁ:

Less Labor Needed to Buy Car Today
1.6 MONTHS \
Mopras, £
o¥%HorTys -

S MONTHS

; 1919
W San1, #1108
Sa12k Sroo

hart of time sarjea, (Unequ\al_ time intervals are
(Courtesy of Automobile Manwufac-
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Simple Pictorial Time Charts.—When. the problem is one of
popular presentation, the pietorial chart is very effective, but, in
all cases, a geometric form should be chosen which can be made
to vary in a single direction without distortion. Thus, in
~ Exhibit 65, the comparison is clearly made since the piles of

lumber vary only in their heights. In Exhibit 66 the quantities
of coal mined in the United States in 1926 and 1932 are com-
pared. The amounts represented are proportional to the heights, #
of the piles.  As the reader unconsciously compares the volumes, -

' 4 '\. \
"\
N

My

A

COAL PRODUCTION ¢ D
N THE UNITED STATES

brary.org.in

Exmmrr 66, Pictorinl compapson of time data. (Wrong hecause volumes
are mislead.inog\ Also chronological order ia reversed.)

he gains a wreng ‘impression of the sizes represented. The
large pile repieéents twice as many tons as the gmall one,
yet it conthins much more than twice as much coal. Volumes
like those in Exhibit 66, varying in three dimensions, should not
be }liéd;in graphic presentation, as they are likely to be mis-
interpreted. Exhibit 67, representing the amounts of money -
spént for candy during a 5-year period, is an effective chart
for popular presentation. s )
Ordinarily the time scale should be laid out along the horizontal
axis of a time chart, but occasionally it may be 1aid out vertically
i popular presentations as illustrated in Exhibit-68. This rule, -
however, should not be violated in any but popular pictorial
~ charts, and then only when distinctly necessary.
In, planning & chart, it sbould be remembered that for the
trained reader the pictorial form may add nothing. It is,
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Candy Consumption
in the United States
Doliars
Hundred
10 -
94,
3 N\
7- .
6 i ' Po ." \‘
X \.
4 i : N ."
31 L9
. z " 3 °
1 4 e »
0-— \\n a:E (B 1 I\
1917 1918, MOW' 1920
suinitd o REAulibrar prey ‘#;ldqz

Fxre1r 67.—Pictorial ohart of time serigsYor popular presentation. (Correctly
: -drawm.) (Adapze({ from Investor and Trader.)

-

N -

NUMBER OF 1000 PQUND CATTLE
¢ ¢ \BEQUIRED TO PURCHASE :
AWAGON, AGORN BINDER, A GRAIN BINDER AND A GANG PLOW
© O ILLINOIS IN 1813, IN 1920 AND IN 1921,

=0 R mrererereror
65 25~ oy o por pop por

Exsmmrr GS.ijictnrial cha‘_rt of time géries for popular presentation, Pictorial
charts are sometimes excoptions to the vertical scals rule stated in connection
with Exhibita 70 and 71, (Courtesy of United Statea Department of Agriculiure.)
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however, an cxcellent method to use in popular publications and
in children’s books and magazines. : '

Exhibit 69 pictures a mechanical bar chart which is designed.
to attract attention through.the use of the thermometer idea.

_ The appearance of rising and falling liquids is accomplished
through the use of power-driven ribbon belés. - The thermometers
rise to the proper heights in chronological order and then drop
to zero. This process is re- B _ '
peated &t intervals of about T T
one minute. Variations of this
method have possibilities of
wide application in popu-
lar displays of statistical
facts. _

Bar Charts for Time Series.
Bar charts, similar to those
deseribed in the preceding
chapter, are often used to show
time series (Exhibits 70and T1).
In showing time series, how-
ever, it is much better practiece ¢
to use the vertical bar chartl® ||
(Exhibit 70) than the horizon- |l
tal bar chart (Exhibit)71).*
The reason for this i$\that the.
chart of vertical bardis read in _
exactly the sanleWay as a time . : _
curve, whic;r}. i5 by far the most forEx ﬁ'::;&ffg' d?f;lf;:mﬁf “E:t:tig:liai:l
co N\ . X ourtesy o T2 _States
thg;?g;{;a\,_wa%hzi tﬁzejzl;:;ﬁ %aﬁ:;q;r l:o)f _ Foreign and -Domestic
bazt @aﬁ't is used for showing & ' '

Aexies of positive figures over a period, the time geale should read
trem left to right as shown in Exhibit 70. This scale should_ be
laid oui in such a way that equal spaces represent equal t}mc
intervals over the period. That is, for instance, each inch might
equal i year. This rule should be followed even though the data
a%e not complete, as in Exhibit 72. Had the bars been evenly

' This rule does not apply, however, in making the simple comparisons
of sine described in Chapter T1L (see pp. 25-27-
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spaced on this éha.rt, & wrong impression might have been -
‘gained by the reader.! It should be noted, however, that this rule

STEEL INGOT PRODUCTION IN THE. UNITED STATES
18151930
MLLIONS

LONG TONS - |
sar%___“-*\\——————_"'j\

-

g

RS - o6 “K{;uﬁﬁ?,d&ﬁ-aﬁ?ﬁbMM}‘@;nm 1925 1876 K27 laza 1928 @30

m-wm'wm&mmms R\ Y . J .
Exgtpre 70— Vertical hars—the correat form of bar chart for showing time series.
_ MM_WWEMMMWWWM&
. . s " R DUt e Yian,
pry e T :
. - L
g —
K
NS
3 \‘ N ¥
™y s
.\"
oo 8 Ll
; » zomw?msso =3 4o <%
Exmgrr 71.—Horizontal bars—in

! Reorrect for showing time serjes, {Abbrevia-
tions should not by used in titles.) '

general significance (see Exhibitg 6

5 and 68). _
! Bee exampley of errors in Totin PR . e
and 80 (pp. 67 ang 69). P £ t_:urvgs of similar series in Exhibits 79. .
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Curves of Size Changes.—The most common method of show-
ing time scries graphically is by means.of a curve.! - In Exhibit 73
. the arithmetic time curve tells the same story as the bar chart
and the similarity is illustrated.>? A curve represents the ends

TOTAL COMMERCIAL STOCKS OF BITUMINOUS COAL
OCTOBER 1. 1016 TO JANUARY 1, 1e22

Million e ) a
Net Tans . ) »
80

Mesinber 131

118 7 1918,
Plgures represent miMon met tops and include eoal in bands of rellronds, Tndustrial
tanzumers, prblic ntilitles 4o Iors. {ioat fov stesmehip fuel, on Leke docke, and in tranalt

.. 370t included, Figores fdploel nnd 1962 ave sablect 0 revision,

Examir 72.—Corréu{ﬁa§ of bar chart for showing incomplete series. (Courlesyaf -
¢ United States Geological Survey) - .

of the b ’,“Bﬁt by being continuous it indicates the direction of

the change more clearly than would a bar chart.

L A very essential element in graphic presentation
of statistics is the systematic use of coordinates, that
is, numbers which determine the position of & point in
a plane. Coordinele azes are two indefinite straight
lines at right angles to each other. Their point of
interseetion, O, is called the erigin. The line OX
called the axis of X, or the axis of abscissas. The
: Yine OY is called the axis of ¥, or the axis of erdinates.
. This type of curve isreferred to as an arithmetic time curve to distinguish
it from other types of eurves (logarithmic time curve, frequency eurve, and
eorrelation curve) which will be discussed later. . :
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The genéral arrangement of a time curve should be such that
it reads from left to right. Thus, as in Part ¢ of Exhibit, 73, we

~ follow the curve over the period in the direction in which we |

-naturally read.” As far as possible, the lettering should be so
placed that it can be read Borizontally from left to right. When -
it cannot be so placed_, it should read from bottom to top.

LONG Lo LonG %
Tons Fong Tons N\
L 50 ] fJ
. -
o i 40 4 =
. III#IN ¢
il [ i
30 ki 30
hi I Ny
i Y T R N N\
= bk (0 A IR T R AR 0 3
AR
L] L1+] [} -
lllll‘llll‘li: 11
o a LR C L) (T O Ik:: a
Mzz‘z:'a'zs'zs'z?fz,a‘zs'ao 19212 23°24 '25°26' 27 2829 30 QIR 24 3526 2T 225 30
A ' 8 \; C

Exmmrr 73.—Comparison of bar and eurve metho{mof showing time series,

The Arithmetic Vertical Scale.—In t@e\vertical'seale for an
arithmetic’ time curve, equal spa(;es: répresen_t equal values.
Thus, in the originaldf FHHYT T £ 808 half of an inch represented
$10 anywhere in the scale. Iteshould be noted, however, that -
expressions such as “14 inch =3$10” are not placed on statistical

- charts. All necessary meagiirements can be read much more
easily from the seale ondhe graph, and in photographie enlarge-
moents or reductions the'scales are taken care of automatically.

The correct posi@sﬁ of the vertical seale is on the left of the

first ordinate (Exhibit 74). If it will add anything to the ease of
reading the ¢hiait, a scale may be placed on the right of the last
ordinate alge, but in no case should the seale be omitted on
t.he left.~Phe figures of the seale should be exactly opposite the
lines swhich they represent (Exhibit 74). The units in which

thewscale is laid out should be explai : i
¢ Xplained by a caption at the top
ofthe scale. Y pon =

) “Importance of Ingl
the problem is one of

zer0 line and all of the scale must be included on the graph. Ii

the low.er [?art of. the scalé is not shown, as in Exhibit 74B, the
reader is given eithe1: no definite graphic impression of the size .
changesfor & very inaccurate one, - Such a chart is likely to

uding Zero on the Vertical Scale,—When
comparing sizes over a period of time, the

! Bee the diseussion of captions or ge B L .
: L ale unit designations in the precedin
chapter in connection with. Exhibit 29 (p. 29). ? #
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give the impression that the prices
much more than they actually have,
scale can it be seen that the prices at
increased by only about $wo-
ale is

is given only when the whole sc:

thirds.

represented have increased
for only by referring to the
the highest point have
The correct impression
included as in Exhibit 744,

where the increase appears in its true relation to the earlier

RALROAD STOCKS
1926 - 1929

FER 5008
150
140
130

120 |emna

g

7
N ad

AVERAGE PRICES OF TWENTY-FIVE |

B0
T
Llr o
50
40
30
20
o

{
PR

jo28 1229

ol . .
1326 327

'A‘.\ s

NS

www dhrdulibrary.orgin

-

A\J;ERPGE PRICES OF TWENTY-FIVE .
RAILROAD STOCKS

1926 — 1929 A
W

140 —

130 T Y 4

120 b 2
. N

19 ———“\>-—-—

[Iele) ——_"—_'_

N A e

solabatufol liutudulytuialuluabld

e, lgz7 i

B

&\

Exmrerr 74, ZApithmetic time curve.

eomparisons. £ B Incorrect for size compar
{See Exhibit 75 for exceptions.}

ot

seale is eut,

arisons because

goale for maling size

-4, Correct : :
lower part of ver_t.wal

data. ¥ it is desired to use only the space covered by Exhibit
4B the vertical scale of the chart in Exhibit 744 way be
‘eoptracted to fit, but the base should not be cut off in size

comparisons.

(This principle was discussed also in Chapter 111

in connection with Exhibits 26 and 27 on pages 27 and 28.)

- Sometimes it is desired to show time changes
_ Sldm:mg the size or rate of change.
Exhibit 744 the purpose is to show

without con-
For instance, suppose that in -
the fact that prices have

started upward, without considering either the amount or the

tate of the change that has taken place:

In such cases, if the

“entire scale does not appear, attention should be called to the fact
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by showing the zero line helow a horizontal break in the graph,
a8 in Exhibit 754, or simply by showing a break at the hottom.
- of the graph as in Exhibit 75B. Fither of these warnings should

prevent the reader from attempting a strietly graphic comparison
of sizes-for the different dates. '

AVERAGE- PRICES OF TWENTY-FIVE, | | AVERAGE PRICES OF TWENTY-FRIVE, |
RAILROAD STOCKS RAILROAD STOCKS
B 1926-1929 ARG 1926-1920
- 150 § 150
"N
140 40 N
1230 Lv} 130 Nl ‘v}
. A 20A
129} - 120
“ 2. -
R PT- - //N\ 1o /y Y ]
1008 — 100, .
sofm-vz ___h__'__*:l 0N i<7
926 1927  ioes  Igeq Aoz 1927 fes 1@ea
N : . y ~ \ v . - J
\‘(ww,dbraullbl'ary.z_1'8.m B

ExHmIr 76.—11f the entire acale iy not' ;ﬁdwn,-_this faet should be emphasized by
a break at the bottou;,qf'tha chart, a3 in A or B above.

Exhibit 76 is plotted in Percentage relatives,® with the 100 per
cent line as the base ahdve or below which the curve is plotted.
The zero line of a DPelcentage relative sale may be omitted if it

-8 relatively a long distance from the 100 per cent line, Tf, how-
ever, the zero(line is included, it is much easier to judge the
value_s ploj:t'gdl For instance, if the whole scale is given, and
the curvesdrops to 75 on the seale, as in Exhibit 76, it is easier

to ag{ééiate that the curve hag dropped one-fourth of the way
to z8r0, o

®

10 X ! If it will make
the graph easier to read, a scale may be placed along the top in

addition to the one along the bottom. However, the scale

- along the bottom should never be omitted. Tt is not hecessary to

! Percentage relatives of valyes at given times are the percentages that

thege values are of & value for a certain period taken as a hase of 100, See
fluthel_- explanation on pp. 125 g 131, ’ '
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designate or explain in what units the time seales are expressed,
except when hours, days, or other units are uged which are not

INDEX OF DEPARTMENT STORE SALES
NEW ENGLAND 1925-1929

AVERAGE 1923 -1925=100
BER CENT
200

ek —7
125 I : ’ I _ .‘L {
| QO ey ﬂ =1 r AA A r Wl J

75%/ \._.,/ \/ V Vi _ 4

7
<

\""z- .

=0
. L

25 - N

ot lielaa bl bbby taadardu TR N Y

1825 1926 927 - |a28 NS

7N

Exuisrr 76.—Curve of percentage relatjzgay, N0 Jine and the 100 per
cent line should be emphssized. The curves, ﬁgﬁgﬁgﬁg{ﬁ%ﬁ&ﬁg heaviest

ruling on the chart.

W .
\ AN

E WY

NEW YORK STOCK EXCHANGE TRANSACTIONS

MILLIONS JANUART“ J€27 TO DECEMBER 1929
“]5'515953 £ 3 I —
TR T T
125 _ B S E——
b\
o0 .o% »; -
po &/ k i ’ i
75 ‘% - P . 1 H
L~
q )7 /
I\
25 . R IS
JAN APR. JULY OGT  JAN. APR. JULY oET JAL APR. LY T OCL

1927 1928 - 29

| SOURCE - DUN'S REVIEW

Exmmerr 77.—Designating montha by quarters.

 clearly recognizable, Years or months are always clear without
- an explanation or designation. In making charts for general use,
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it is better to designate months by their common abbreviations

rather than by their first letters. Letters are confusing because

the names of more than one month begin with the same letter.

(January, June, and July begin with J, March and May with M,

and April and August with A.) If there is not room to letter all

the abbreviations horizontally, it is often desirable to letter

ouly the quarterly months, as in Exhibit 77, in which the data

are plotted monthly and the ruled lineg and designations areon'a -
quarterly basis. In designating by quarters, some statigbicians

DOLLARS . - DOLLARS

N\
N

a0 [ 1 o]

2

S 20|

\ »
- . : o 4 ;J
JSNTFERT MAR AR JANC

W w wAlbraulibrary ,orlgi .

s
5
F

LN TOAE

3\

~

N
FEB.
in B

Exarmmr 78.—Position of pointa plé’tt.e‘d in relation

MAR.  APR,

to vortical lines.

use the first month of ea(.:h'q’ua.rter (January, April, July, and

October), while others prdfer to use th,

June, September_, and December), t

¢ last months (March,

No srrows, dimensioh lines, or other guides or boxes are neces-

1 S@Qe"stat-isticiaus
at ‘t"];fe heginning of 5 Bpace represen
Adetember instead of January (g shown).

£\ Epace 84 8 whele does not Tepresent a, yvoar,

the space between lines does not Tepregen
itself represents s whole month. f the o1l

hold that in & chart Like Exhibit 76 or 77 the line
ting & year should carry the figures for

Otherwise it is claimed that the

ta period

Either plan will serve, however,
tive chart,

tike Exhibit 76 or 77,
of time, but the line

rve is cumulative, then not only

month should be given (see Yxhibit 85).
chart shouid be clear to the reader. - The
by an internationa) agreement arrived at
» the Ameriean Statistical Agsociation, and
the present time, however, practice seems

. )] of & convention that the line a% the begin-
g of a space representing 5 ¥ear shall cairy the figures fo

r January.
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desired, by adding short division marks vertlcally above the zero
line (see Exhibit 76). :

COAL ON HAND AT PLANT NO. 2
1925-1934
o | STOCKS ARE AS OF THE FRST DAY OF THE PEROD NDICATED

{e.0) i ) —r —-—|
///NH.\ : :

\ //H//. __M\%;.% S \\
i N

AN

75

1924 726 2T '28 29 T30 131 EQEE IST 2WE 15T x 4TH A, FERWMAR AFE ;UWWT.N’.N PECL
VES OUAT Tl
123 I

WAL r“'n\sanl e .
J AT 5““

Exsrerr 794.—Unequal spacmg‘for"yeam. {Incorrect.)
. R

FRY

COAL ON HAND ‘AT PLANT NO, 2

: {lo25-1934
Tons STOCHS ARE AS QF'}HE FIRST Day OF THE, PERICD INDICATED
IOO[— &\\\ ..
[~

75 \\ o>

SO

O _ . _ .
._,::; \ /\\// _ |
(B - T

[ I — . -
825 I926 1527 28 1929 1930 B3 1932 1833 1934

EXHEBIT 79B.—Clorreet method of plotting da.ta of Exhibit 784, (Erqual apaces
" represent agual periods of time.)

Whether points should be plotted on the lines, as in Exhlblf.
© 784, or between the lines, as in 78B; is a matter to be decided
by personal preference. In either case, the desngnatlon of the
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:
|
|

month (or other period) should be placed exactly below the'
point, plotted in order that there may be no confusion. Thus,

Spaces should represent equal units of time.! In this Tegpect
Exhibit 794 is wrong and misleading because the spaces o1 the,;
' horizontal scale representing years vary in length. In $Kigchart, j
the points were plotted annually from 1925 to 1930, yinclusive,
1931 and 1932 were Plotted semiannually, 1933\was plotted
Quarterly, and 1934 was plotted monthly. Tt ismgt wrong to plot |
these data in different time units if the years-are represcnted by -

.Wrong to give 1934 three times as much space a3 1933, six times as E

- much as 1931 and 1932, and twelve tities as much as the other

If breaks -OW&@bﬁhielﬂmﬁesﬂhﬁﬁlgl presented, this fact should -

be indicated graphically. Hxhthit 804 is incorrect jn this i
- Tespeet, as it does not shoW” the distinet break in the series
between 1914 and 1819 whigre 4 ¥ears are omitted, If this break

' ( 5t ordinate since, as a rule, it is no
(M08 Important than the other ordinates, SBometimes vertical

() lines Tepresenting Important, time divisions are emphasized for

t.he definite purpoge of adding elearness to the graph, but no

¢ on the graph proper should be emphasizeg merely for
decorative Purpoges, :

-he cur}re on a graph shoyld be heavier than the eoordinate

! See previous distussion of the%;aé%} the bay chart in ing irregular
) ] pregenting irregular
or meomplete sarjes (Exhibit 72 on p.6y;
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the limits of the sizes represented; that is, the zero hne defines -
the bottoms of the sizes represented and the curve defines the

tops. Since our interest is centered chiéfly on the curve, it
WALWORTH SALES INDEX AND
THE HARVARD “B” CURVE
5 . . .
+ 6
P T S L PR
+ 4~ HARVARD “B" CURVE, — N\
+ 35— - . ¢\
+2 —f .\i "\
+1 %{E P g
_.? .E. fal h
- ALwoRTH"_\ Sm
_4 SALES|__ T
-] | 1V
._5_._.
&l 1|

8 403 1904 [905 19061907 1908

Exmisir 804.—Omission in hcrixoﬁf.al. scal“i:a%é’(&l‘ Y Qﬁalmlﬂmﬂ indicated
graphically. (Irzcorreot }

®

WALWORT H- SALES INDEX AND
THE HJ\RVARD «g" CURVE

5.0

\\

b B - .
+4]- HARVARD $BINGURVE—] }—m
O Ly e e : —
+e§_ L — K; : g —
+1 4 ——] e |

M 5 " o e 2 -+
S S 1 Ly hLS ran
2OV waLworTH L= g, A
SR Vsaes A+ & ,
W S 3

\

1015 19201921 1922

-e 1803 1904 19051906 1907 1908 1908 1210 1911 192 1313 1914

L

EXHrBI'r 808.— Correct method of indicating break in horizontal acale
. pare with ]!.-xhlblt. 804

{Com-~

should be made heavier than the. zero line. The background of
coordinate lines should be very light as compared with the

" curves and zero lines (Exhibits 80B, 81B, and 82).
Scale Units and Number of Coordinate Lines.—The units
of the scales should be given in round numbers of intervals eon-
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0

—An impmfred form for showing Rxhibit 514,

Exmmir 315
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venient for reading. No more scale units or coordinate lines
should be shown on a graph than are necessary to aid the eye in
-reading the curve. Jugt how many to show is a matter for the
chart maker’s judgment, and will be learned from experience.

However, it is easy to see the difference in effect by comparing
Exhibits 814 and 818, Exhibit 818 has all of the lines that are
necessary for casy reading, while the large number of Yines in 814

adds nothing to facilitate making visual comparisons.

NET EARNINGS OF - O
THE SENTINEL CANNING COMPANY %
l925-1934 {

DOLLARS ’ P
30,000 R

20,000 > —
2N

10,000

PROFIT

B SN/
AN
- 3 ]
10,000 - : \ /

20,000 |_ e l

1925 1926 1527 1928 193 33 193 wa2 133 1954 _

N

s 3
-mm —Showing Igé‘twe and negative variations in 2 single vmable
Showing Plus and Minus Quantltles —Positive numbers are
shown above thyzéro line, and if negative numbers occur in the
same series théy may be represented along with the positive by
plotting beggw the zero line as shown in Exhibit 82. In the -
original 6f this chart (Exhibit 82), profits are in black and losses
in I‘Bd Blockmg in the areas between the curve and the zero
' baSe, “a8 in Exhibit 83, makes the chart still more effective for
S0Mle purposes. Whﬂe the areas are very irregular (Exhibit 83),
the periods of high and low production stand out clearly.
Smoothed and Broken Curves.—In charting non-cumulative
data, the plotted points should be connected by straight lines.
All that the lines between the points signify is the direction from
one point to another.
———

* Exhibit 814 was made on coondinate paper, and the closely spaced hnes.
Bre & convenience in plotting, .
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g
For instance, in Exhibit 84 each ordinate represents a month,

The first one represents the eniire month of January, the zecond
represents February, and 80 on. 'There is no time represented °

between the lines and there is no value on the curve between the

plotted points. The point on the February ordinate representis
the total for that month, but halfway on the curve betwoen -
January and February would mot represent the sales for the
middle of the month. ‘All that the curve does is fo point the way
froma one total to the next. However, considering the period a8'a-

N
7

~ 4“

L

BITUMINOUS COAL PRODUCTION &)
N THE UNITED STATES 1920 -1930 ()
N RELATION TO THE 923-1925 AVERAGE

o] 0 1
— I D
I MR e W M

14 -
guh.t..u]uhd.l.L
toR 2 1923 1924

Llulib du ot
925 1926

rolo s bdsdanbisboclulee
92y m2a8  lgen W30

ExamIT 83.~:{j§e‘0f shoading to emphasize variations. (Compare with Exzhibit
9N 82.)

thlg{j;‘he ares, under the curve represents the sales over the
veds,

R ~\Eixhibit 85 shows the data of Exhibit 84 plotted on a curnulative

. ) ‘basis. The space from one month $o the next now represents 4

petiod of time, and every point on the curve may now be con-
sidered as having a value. For instance, the point halfway
between January 31 and February 28 represents approximately the
sales acoumulated from the beginning of the year to the middle
of February.! In variables such as population series (Exhibi

1In laying O}It t_he spaces it a scale of months, the differences in thef:
11?;%:]1:81;%6 ordinarily disregarded and the months are equally spaced, as it
. 1 J ) X
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SALES OF BARBER AND COMPANY

1935
THAUSANDS ’ MONTHLY TOTALS
OF COLLARS
25

20 | /

O - .
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Exnarerr 34— Breken curve. Ww&;lgﬁgummny,qrg,in
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Exnmir 85.—8moothed curve. (Cumulaﬁ"&)_
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'86), changes rarely occur suddenly, and, therefore, sharp angles
‘ave seldom found in curves of such data. Consequently, inj}
plotting cumulative data or a continuous series, the points should_?
‘be connected by & smoothed curve, 8s a rule, and not by straight 4
lines. . In smoothing a curve, the maximum pogsible radiusy
of curvature should be maintained constantly, and all sharp]
hreaks should be avoided unless such breaks are actually known 3
- 4o have occurred, as in Exhibit 86 just before the year 1350. O\ |

oy

POFULATION OF ENGLAND AND WALES FROM 100 TO 1800 1,
For T pariod getor b (000 the best valiifbh SeTmates v kuen usad -

N

|
L}

EREEEHERY
F

!
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g x %E %'E —::g .
£ : 0[‘}2{:}1 w 't 20;
!_“ Abhrawlibcany. e b l 1 '
g.“ O R %I_ i z - ‘:§
%u a ] L 11a 3
12 o 1 '\l LH]
1 a2 A Vi W
a Al _—_::
4 3 —_ %
2 "',_~‘" P
N N T T T N A R

. 74 )
Exumrn86,2 Both smoothed and broken curve. {An abrupt break just

< . pt break ocouta 1 .
be(or_e'l'at&{% The remainder of the eurve is smoothed and represents gradu
changés)) ~ (Courtesy of M. C. Rorty.)

e e

O\ :
. y\Phroughout this book, curves like those in Exhibit 84 will be
~(Oreferred to as broken eurves, and curves like those in Exhibit 85 85
N/ #moothed curves. The subject of sradothing curves 13 discussed
in greater detail on pages 146 to 150, inclusive.

The importance of clearly distinguishing hetween the nature
of a cumulative curve and that of a non-cumulative curve cannot
be‘ overemphasized. This point will be elaborated upon later in
this book in conection with Exhibit 147 on page 133.

Step Curves.—The step curve should be used when changes
ta.ke- ?1309 abruptly, ag in showing the fluctuations in prices in
Eixhibit 87 or in number of operators in Exhibit 88. TFor most
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purposeé, however, this type of chart is not satisfactory, as it
does not show the direction of change over a period so well as

PRICES OF DOUGLAS FIR, LO3 ANGELES,1919—1929

bou s RETAIL QUOTATIONS- Z'X 4-14 COMMON
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“WGis 1820 1887 1922 1923 1924 1925 127 1928 1929
. wwwdbraulibrary.org.in

Exgrerr 87.-—A gtep ourve. The step curve éh}suld be used when changes oocur
abruptly but it is ordinarily a poot féem for showing the usiial geries.
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EXxBmrr 88,—The step curve is correst for showing changes _which_ ocour abruptly
aa in the curve of operators in t:he chart above.

the broken curve,.and it does not bring out relations at individual
Points 50 well as the bar chart. If two oOr MOTe step. curves
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cross one another, they are very confusing, as the vertical parbs':r
coincide. : )

Polar Coordinates.—When the problem is one of presenting
data of phenomena which are repeated regularly, as every yeal
or every day, the form shown in Exhibit 89 is sometimes used.
While this form may have the advantage of showing a continuous 4

 TYPICAL TELEPHONE OFFICE IN Ve
BUSINESS SECTION OF CITY A

HOURLY TRAFFIC « \

b

T 39.—For business uge the method shown in Exhibit 88 is befter than the
N ' wethod.shown here. (Clompsre with the curve of ealls in Exhibit 88.)
o~ Jecurrence better than a curve plotied on rectangular coordinates
/ (Exbibit 88}, its use should be discouraged in most instancos, 88
the method used in Exhibit 88 is much easier for the business man

to read and understand than the radial plan (polar coordinates)
used in Fxhibit 89, ' - |

_ An exception to the preceding rule may be made, however,

in the case of showing a graph in relation to a clock or other dial

instrument. For instance, an effective chart based on the same

general plan of Exhibit 89 is shown in Exbibit 90. This method

of shading aress, however, exaggerates the values represented.
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While occasionally this type of chart (Exhibit 90) may be used -
effectively, it is not recommended for general use, as the reader is -
likely to interpret the chart on the basis of area rather than
lengths of radii. When the reader is familiar with their uses,
polar coordinates are not objectionable as used in connection with
various kinds of recording devices, such as voltmeters, ammeters,
steam gages, and water pressure gages.!

ACCIDENTS EACH HOUR OF 2%
THE WORKING DAY IN THE « \
WALKER MANUFACTURING PR :
COMPANY'S PLANT L)
{IN PERCENTAGES OF THE TOTAL) o Pa

ibrary.org.in

Bxmmnrr 90— The planvof Bhibit 89 applied in popular form to & dlook.  (Note,”
howewel, that the larger values are exaggers y

N '
Presenﬁﬁ\rabm Data on.Charts.—When it is desirable -
to present“the numerical data along with the graph, this may
be dongas lustrated in Exhibit 91, in which the data are included
attlie Yop of the diagram, or as in Exhibit 92, in which the dats
?}Q Presented as a table. Of course, when the method illustrated
In Kxhibit 92 is used, the table need not be placed at the end of the -
graph if it {s more convenient to place it elsewhere oL the chart.
It the table is long or complicated, it is best o present it sepa-
Tately rather than as part of the chart. .

e

I 511‘011111 be appreciated that, although Exhibits 88, 89, and 90 present

tn.le serics; these geries are not strictly historical, They are p_ref.sentecl at

.3 pemt, however, beeanse of their relation to the bhistorical series under
US8101;, B



g

G.E?,A.PHIO METHODS FOR BUSINESS STATISTICS

Tl

£ = 9 & & N - - o © e =

Q = - —_ a

5{ s @ %; & w Mo 3 T = n

o= ¥ & ¥ d F 6 o4 6o
e I - R 8 ¥ 5 3
1,000,000 \ \ —]
800,000 // \/ '!
600,000 |- |
i

400,000 |

200,000 —

MONTHLY SALES OF HAMILTON
MANUFACTURING COMPANY, 1933 -

RN
P

2N

f 1 || X

I
J
1

PERNANDD

;

SEPT. (o

. " W 27
2 a ¢ . 4 rFE o= o
4 w 4 B I SN2 ]

nugqga‘-,.\( 8 8 &

ww.dbraulibrary ,org:}ri ’

v

Examrs 91.—Tab¥.1’l}1‘ti011 of data on chart.
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Exais 92.—Tabulation of data on chart. -
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COMPARJISONS OF SIZE CHANGES N DIFFERENT TIME
_ VARIABLES . _
Probably the greatest use of graphic methods in business
statistics is, not only in showing how the size of a single variable
changes, but in comparing the sizes of two or more variables over
the same period of time. '

PAPER PRODUCTION IN THE UNITED STATES - A

1932 AND 1933 . &P
THOUSANDS ’ « N
OF TONS . 3
350 R

e
Ay

3009

2500

2000

-

1500

1000

500

R RO

1932 '3z " 2 "33 32 ‘33 32 33 ag 33
FAPER WAt NEWS 00K wlﬁlg- OTHERS

BOARD, 7 PING FRINT
@Wﬁ‘f oF CURRENT BUSNESS i
of items. (Compare

- Exnmprr 93.—Tworpoints of time compared for' six pairs |
Wi%]*jkh'ibit 94) (Adapted from Newsprint Serice Bureai.)

ChOitiE} of Forms—Bars and Curves.—When, for geveral it,e1:[13,
oneg point of time is to be compared with only one other point

f¥ime, a bar chart like Exhibit 93 is easier to read than & curve
chart. In this case, six different items are represented for 1932
_and 1933, In order to make the comparison_stand out cleax:ly,
one kind of shading is used for the 1932 bars and another kind
of shading is used for the 1933 bars. Thus, one can eas_lly
compare the different items for cach year simply by observing
the same kind of shading throughout the comparison. When
T'hjs kind of .comparison is made, the bars should be arra.ng?d
I pairs (or groups) for each item represented, as shown in
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Exhibit 93. The time seale for each group should read from -
left to right as shown. Sometimes the bars of charts like Exhibit
93 are arranged in order of size, but this js not good practice .
if the normal order from left to right in the time scale is reversed. - |
The correet method is illustrated in Exhibit 93, in that the year -
1933 should follow 1932, as shown, and not precede it for the sake :
of the order of size. : '

A

N

' 4 ." \‘

NEWSPRINT PRODUCTION IN ()
THE UNITED STATES AND CANADA, 192851933

THOUSANDS
OF TONS
3000

2500

2000

1500

é
2

1000

500

S —
R OO R R
A ———
P S

. B B UNITED STATES B CANADA
SOURCEr HEWSERINT SEAVICE BUREAU BULLETEy . _J

wﬁm—-Twu items comparad at six different points of time. Compare
& Exhibits 93 and 95.)  (Adapted from Newsprint Service Bureau.)

e In Exhibit 94 5 different problem is represented. Exhibit 93

) thows 6 items for 2 years, while Exhibit 94 shows 2 items

f‘f“' 6 years. Tn Exhibit 93 the diﬁerent shadings represent

dl.ﬂerent vears. 1n Exhibit 94 the different shadings represent

different items; that is, one kind of shading represents United

States production gver the period, and the other ‘represents
Canadian production, :

Bar charts like Exhibii % may not be easy to read if more

than two series are represented. Three, four, or more different

kinds of shaded bars for each year are difficult to follow over &
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period, although there are instances when the ecomparisons
within each group are so important that the use of several bars
for each period is justified (see later discussion of Eixhibit 96).
While a chart like Fxhibit 94 presents the comparison quite
effectively, especially when only two geries are to be shown,
the curve method is most commonly used in such presentations.
Exhibit 95 shows the data of the bar ehart in Exhibit 94 plotted.

—/
NEWSPRINT PRODUCTION IN D\
THE UNITED STATES AND CANADA, 1928-1933 o~
THOUSANDS ' \ o
OF TONS ) £
3000 T - AS 4
,f"‘"""‘-... ."’.\\
2500 | e e -
=" CANADA e— \
-...“- x.\\,
T .
2000 ]
W .\-g?dbraulil rary.org.ih
1500 - >
UNITED STATES |- o
1000 | e c —
500 o
\\ o ’
?eza 102'9: 1930 1231 1952 1933
. ) N\ '\ 3 . :
| SeuRce: wewseRiNT/ }-Wc: BUREAL BULLETIN

- ————
N — . Common
T s A 9 P i o N

ervice Biroan.) - o
ﬁafﬁ}fmetic curves. Often the bar-chart method of 'Exhibit'gzi, _
qibetter than the curve method of Exhibit 95 when data_ are
Presented to those inexperienced in the use of charts, but other-
Wise both charts are read in the same WAy and give the same
Impression. ' o . '

Exhibit- 96 presenté an ‘example of & chart in which-.groups
of four bars are shown for each year (Upper graph) and for
each month (lower graph). While it is more difficult to compare
fe serios over the entire periods shown than it would _-be if
eurves were used, the relations within each group #e sufficiently
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impottant to justify the bar method. The bars in each group
show the relations between production, shipments, stocks, and

OAK FLOORING
PRODUCTION. SHIPMENTS, STOCKS, AND UNFILLED ORDERS
: 1913 — 1934 '

OF FEET, B MONTHLY  AVERAGES BY YEARS, 19/3— 1934

1963 1818 THHS 1916 1917 1918 1919 a0 ngpmma B34 B35 mO8 927 gz 192D 00 K3 B32 1832 H34

N R

e TOTALS BY MONTHS, 1923-1934
0000 - { X H H 8 —
AKX
moo-——l—-—n —i——— 4.8 8 &
P

000 —Fen s 5 M @ 4|

=r|Mn’\\ N .

S 1
Iy

- L |

a

R PO MR W0 L .M 67 OO e, Dy S o e MAT KRN A, SERT OCT: N CEC:

mmmmmuwsupwmm

Exmterr 906, —Bar chart cnmpaﬁng four items for es,ch_ unit of time in the perioda
represented.  (Dafg from Survey of Current Business) -

unﬁ]led_ orders in such
can plan his own o
shown,

a way that the business man concerned
perations with due regard for the conditions
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Scales for Size Comparisons.—In Exhibit 04 we compare the
lengths of bars representing the United States with the lengths of
those representing Canada. In Exhibit 95 we compare the space
between zero and the curve for the United States with the Space

. between zero and the curve for Canada. Such comparisons
indicate how important it is to begin with zero and to show the
whole vertical scale. The importance of this principle is indi-
cated further by Exhibit 97, which (without the dotted addition)
is likely to leave the visual impression that exports in 1924, O\
for instance, werc about twice as great as imports, while, as,a

2\

UNITED "STATES IMPORTS . 2N\
MRLIORS AND EXPORTS 1925 - 1930 s M
By T O\
5500)j —— T ‘& ¢
5,000 T I T

P ey
4,500 gl N
Q{Florﬁ:, e, oA
400 S ——— TN
P o

3,500 Y — e edraulifary .org.in

I ! !
[+] "----}.\.--L__-L___E.___ ].-_-1..._..!__ e

. Exmmrr 97.—In cordiphring sizes it is important to include the whole scale.

‘matter of fact, by studying the scale one can 5¢e that they were
greater by Jgss than one-third. This true relation would be
shown elgayly if the chart were drawn to include the entire scale
as md«j@"i\e‘l by the dotted lines. Tf for some 1eas0N the entire
?Gail-eiié'ﬂot used, the reader should be warned as explained in

-(Eounection with Exhibit 75 on page 64, .

Variables of positive and negative values may be compared
by plotting above and below the zero line a3 shown in Exhibit 98.
Note that the shading of the resultant topDAgS is especially
effective. . _ .

When comparing sizes, it is necessary. to bave & scale that is .
common to all of the series considered. That is, we cannot com-
Pare cotton in bales with wool in poundsand get a true impres-
sion of the relation between the amountg of the two textiles.
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" This

of coal, but, by reducing
heat units,

N

=

7N
"N
N

ALLIED CARGO SHIPPING A\
g‘,‘,'-'-'.rg"": CONSTRUCTION AND LOSSES a\
DEAD\‘MSEIGI-H 7

20 L L 5]

5 e
N \4 1S

198

1917 1913

Exmisrr M8 Comparigon of pogitive and negative - values.

{Adapted from
N . General Plectric Co)
&

_ imperative 1o have a common arithmetic scale. If rates of
‘_3;’“”93 are to be shown, the curve should be plotted as deseribed
n the following ehapter,

Although it is not good practice, as a, rule, to uge more than
one- arithmetic scale op g graph, situations oceur occasionally
which make this procedure desirable. Eixhibit 88 on page 75 is
an example of the yse of two different arithmetic scales and,
Since there is a definite relationship between the two, a good

can be done only by using a common unit, say, pounds..
We cannot directly compare quantities of oil in barrels with tons
them to pounds, monetary values,
or other units common to both, we can plot them -
.. Yo the same scale and make direet comparisons, -
A double-seale arithmetie chart, like that in Exhibit 99, is not
recommended for general use. It is likely to mislead the readr{,' ) |
who might assume thaf the curves may be compared direetly,

%

E



|l

HISTORICAL TIME SERIES—-ARfTHMETIC CHARTS 85

comparison can be made. When two scales are used, both should
be placed on the same side of the graph (as in Exhibits 88 and 99)
rather than one on each side. If a different scale is placed on
each side, the left-hand ends of ‘the curves are liable to be read
from the left-hand scale, and the right-hand ends from the
right-hand seale. ' ' '
Differentiating Curves.—When two or more variables are

represented on a graph, it is necessary =0 to differentiate the

N

X
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< . - L
Fxmerr QS.QSuch a use of more than one scale ordinarily is bad practice. The
™3 eurves canhot be compared ag to sizes Tepresented.

,.%’K(VA}.S that there will be no difficulty in distinguishing them.
This practice is desirable even if the curves are in different parts
of the field and do not ecross, especially if there is any likelihood
that later periods or other series may be added. If the curves
are close together and eross each other, it is particularly neces-
sary that they be made in such & way that each curve can be
followed across the graph without confusion. 'There are ;_t_wo
common methods of differentiating’ curves. One is by using
different colors, and the other is by using -different kinds of dot
and dagh combinations in black such 88 those illustrated in
Exhibit 100. The latter method is the one commonly used when

g 1927 @28 1925 1930 1331 1532
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plotted on a graph, it is necessary to designate them W_lth thef_é
names of what they represent. This iz done in two different
ways. One is o place the names along the eurves ncar the left- :
hand ends or beginnings of the curves (Exhibits 1004 and ). ;
This method is most convenient from the point of Viqngqf the -
reader, since the designation is directly connected wit-h_‘ the curve. -
The designations are lettered horizontally if ;hgre' is room |

TOTAL SaLEs L TOTAL SALES m\ TOTAL SALES
s 1930 ~ 1934 s 1930 —1934 S 1930 -1334 :
A OF .
DOEL i OOLLARS. .
9_‘—'.'—‘-|"—‘——- WA e nEW HAMPSHIRE |
. : \\ wf;’uu - —- DEL AWARE
I B ' S 5 e
o i wwidbrau . - i
MICHIGAN i i : =
a ) ]
- S _",éﬁ_ . X 2ot
MANE] L~ N N
1= H-— P 1
B30 BA 63z 133 @4 Lo I\ 6% T3t 832 1933 Toaa 935 T s e mad
' 4 oo - .
e ot 2 ;
E’C.EEB}T ] 0.—-Differenﬁa.ting and designating curves.

(Exhibit 1004)*but if the curves are crowded, the designations
may be ltfered along the curves ag iy Exhibit 1008. The
other method is to designate the meanings of the differcnt kinds

of IE'K by a separate key or legend elsewhere on the chart as n
Exbibit 1000, of these two methods, the one illugtrated in
(Parts 4 and B iy recommended pg best for general use.

"~ Number of Curve

ves.—The number of curves that can be Plac(fd
successiully upon g single graph depends chiefly upon the way in
which they are distrib

uted over the field, but in no case should

A8 many curves be plotted On one graph as are shown in Exhibit
101. In such g chart. it 45 almost impossible to follow a curve
across the graph., In Exhibit 102 seven curves are too many,
38 they run together so badly thag (1. individual curves can be
distinguished only with difficulty, Ay exception may be made -
to this rule, however, when curves are plotted together to show
correlation, which is the purpoge of Exhibit 102, '
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showing correlation.
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| If a large pumber of curves must be shown on a single cha’_'@_,

twenty curves successfully. A large number of curves may bé -
shown clearly and compared easily by using this method of :
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Exararr 103.—A good method of showing a large number of eurves.
‘dividing & chart into a humber of small graphs which, if plotted
ag a single graph, would result in hopeless confusion. When
charted as in Exhibit 103, all of the small graphs should be
drawn {o exactly the same scales. Otherwise, they cannot be
comypared easily and they might be compared inaccurately.
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. Standardization.—Annual figures, or data for other definite
periods, are often placed on different charts for convenience, and,

" when it is desired to make direct eomparisons of these different
charts, they should be drawn to the same scales so far as possible.
That is, the units of the vertical scales should be the same on
all the charts, and the units of the horizontal seales should be
the same on ali the charts. For instanee, if 1 inch equals $100
in‘the vertical scale of one chart, it should equal the same amount. {\
on each of the other charts, and if 1 inch equals 1 year in t'he‘
horizontal scale of one chart, it should equal the same perio;l’dn )
each of the others. Without this standardization, the curves
may be distorted, as illustrated in Exhibit 104, which ghiows how

&

A / A ) .
4 www,dbra.lt.ll.‘bl'gr .org.in
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AN
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Y N e ; D
Exammrr 104> Distortion caused by different soalos.
X

exactly the same’ data appear when plotted to different kinds
O.f coordinate) spaces. Comparison of sizes over a period of
iime, tht;egre, is greatly facilitated b}; the use of common scales,
Whethelthe comparisons are made on the same or on separate
charfs) _
Nn Exhibit 105 arithmetic curves have been laid out propor-
tonally in an attempt to show relative change. That is, the
Tanges of the variations in the two series are given aboub t.h e
"I space in the vertical scales of both graphs, and the unifs
are designated accordingly, which is in & ratio of one to. 1;.w0.
us, if the “New York” curve drops from 1,000 to 500, it 1s a
Screase of 50 per cent. If the *“All Others” eurve drops from
2000 0 1,000, it also decreases 50 per cent. These changes
Would he reprosented by the same distances on the scale when
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they are laid out as shown in this example. This practice, hf)w-_
ever, isnot advised for general use, a8 it is best to use ths logarith-
‘mic chart when showing rates of change.l
Range of Variations.—In Exhibit 106 curves are plotted for
both high and low prices for each geries and the areas betwee.n_
are shaded. Thus, the range of stock prices over the period is
. clearly shown. Another good method of representing rango of
prices is shown by Exhibit 107, Here, the top of the bar\repl‘e-
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1250 2,500 N

oo )
S
N "

[Meli]

T30

500

A

250

1920 \%’J 1922 - ® 1820 ji=F]] 1922
4 .

|

ExHmry 105.-58¢ples laid out in proportion to range. (Not adwised for general
\ » use—aee Exhihit 148 on bage 130.)

%ﬂtSM§B and the bottom represents low, while the length shows -

the\range. This method enables the ranges for different dates
Aobe compared readily. ' '

(" Double Time Scales.—Exhibit 108 illustrates the use of &

1 For further explanation of the dangers

. r .in_volved in this practice, see
the discussion of Exhiki; 145 on pp, 12913 '
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Exzmrr 106.—Rangs of vuigﬁéﬁ.' (Shading between curves.)
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Exurerr 107.—Range of variation. (Bare.)
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Exhibit 139 on page 123). The curves in Exhibit 108 are freely

smoothed from the points plotted on the vertical lines. o
Different Time Scales.—Often it is desirable to show the more

curtent data in greater detail than the more remote., Thus, :
in Exhibit 109 the current year is shown on a monthly basis, while
- the preceding years are shown on an annus] basis,. Two different
time’scales are used. When data are shown in this way, ifJds
important for the sake of elearness and accuracy to leave a‘sub-
stantial space between the two graphs, as shown in Exhikity109.

N\

COMPARISON OF INTEREST RATES I;)UF;EING
en CIVIL AND WORLD WAR PERIODS"
CENT \J
‘.I°|— i
. a 1 p ¥ Ly
- N S N R P N 7. /" k
7 [ ! R AN A
e Tr i wak S AN
:EW‘"'-dh:@;]. At y].0%, lr\_/ \
] - ]—'— 7= ST
4 _—"—-% / =
3 ———WORLD WAR &), ]
2 — S
1 —————H—%—__—__-____
1860 1461 tiloa' 1863 1664 1865 1866 1887 166 1BBP 1870
1139 IQ'E{“_.. J\?M‘%‘Eeﬂ oof7 118 1@ 1920 1521 tB22 1923

N " -
Emn 108.—Comparigon of different time periods.

72N

Sometinies” the inexperienced chart maker does not separate
the graphs, but this practice of placing them together is con-
fuysing and often results in wrong impressions. The chart under
~Liscussion (Exhibit 109) is taken from & monthly report in which
the game form is used each month, The original form is laid out
. ab the beginning of the year and then, as the dats for each
succeeding month become available, the chart is brought up to

date and a photosta copy is made of it. '
Smoothed and Broken Curves i Comparisons.—The ruyle for
!:hoosing_ between smoothed and broken eurves in comparisons
18, of course, the same ag previously discussed for the single
curve. If the value represented for each period does not include
any of the value for the previous period, all that the curve shows

.



HBISTORICAL TIME SERIES—ARITHMETIC CHARTS 93 _

zE

05 418 4T .
m.%w“um S0UTE0'9 ﬁ”.n““_": “ﬁ SQ!J‘.E | .
2 c i it
EoasEE-EmseEmmsmeammass
g e manta
- . - )) N : .
e wommit 75 < W O O B P O
R essmim=maas
R sl ey Bl 1z ﬂ 11T A L
Sttt onii A 24 T I I
Lot S Y A Y I
esbuiiiriuad ol 2 A ) [
ey wlonl  onsomtl N L 1 3 |1t
. Z /
: i
m Meviterer  pelioly  Tentsre’s Iy uﬂw
TR TRy ey T T X A
m LiotoserTt  phs'mdts L'y { - N » w
oprsgte Lot G g7/ z mww
e mLlIEy et /__ (
weeseté DOy NNa's HE? m t A
u ftiste  woetielty  SEPILTE I 23
& PR o = <7 k-
B Myoprr  ERLOROE'S  TepTes'R f/rr v T,
sadsrtor Bl aEy RIS N =
oerers  BsTo  teEmTS 3 S 28
]  TAER TR u._mww.m ]
T M- b e -] r7.
¢\¢~
e

te grapha for ghowing remote and

E. I. du Pont de Nemours & Co.”

of

gether on one chart. (Courfesy

Ypothetical.)

t data to.
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is the direction of the change in the new figure, that is, whether or
10t it is greater or less or the same. The values are represented
by the plotted points, and there isno value on the curve between
points. Thus, in the case of the monthly sales eurve in Exhibit
110 (solid line) the point plotted on the January ordinate repre-
sents the sales for January, the point plotted on the February
ordinate represents the sales for February, and so on. *The
ordinate represents the month, and the space between tie, lines.
does not represent any more than does the space betweern bars
when comparing, say, populations of New York 'a{r;cf “Chicago.

z £
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 \

RECORD OF -SALES-1933 DRD OF SALes -1934\DRD’ OF SALES-1935 .
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E!U?Iaém 110.—Tlse of separate cards for showing continned sarios.

The ohly purpose of the curve in showing non-cumulative data
Over s period of timie is.to indieate the direction from one point
taxhe next, and to define the area between the points and the
p "‘gerp line;_this area is used as n basis in comparing the different
Series. ' T
If, however, the value &t ahy point includes the value repre-
sEen'ted at the preceding point and Is merely a change in the total,
imply a variation in the old value, there
seldom will be abrupt, brgaks, and a smootheq curve is ordinarily
more representative thah s broken curve. Thus, the smoothed
eurve was used in Exhibit 108 because the old rate changes—
there is not an’ entirely new rate establis

e . hed each year. In
Exhibit 110 the curve for “Total since first; of year” (dotted line)
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is cumulative and is gradually changing throughout the space
between the plotted points. It follows, therefore, that the point
on the dotied line midway between the lines representing June 30
and July 31 would give, very closely, the total accumulated from
the first of the year to July 15.

When curves are smoothed as freely as those ghown in Exhibit
108, they are sometimes misleading to those who do not under-
stand them. In common pragtice, such curves are usually
plotted as broken curves. R ¢

Since, in charting cumulative figures, 2 period of time,ds
represented by the space between the designated dates, ;\it“is’
necessary to have as many spuces a8 there are plotted poluts in
such charts as Exhibit 111.  In this chart, the figures, are plotted
on the last of each month. In order to have the q]}&rt'complete,
a space must be allowed at the beginning of the'graph to show
the accumulation during the month of Janlery. In annual
graphs of non-cumulative figures, twelv Ajics (eleven spaces)
are all that are nceded if each 1‘“&‘1‘&‘-“%&‘5‘{ heag yersmiin; bub when
such charts are drawn to be compared %with other charts, as in
Exhibit 110, it is well to have an exbra space at the beginning or
the end of non-cumulative graphisin order that the space betweeD
January and December may be the same as between the other
months when the graphs dre placed end to end (see also Exhibit 5
om page ]_1)' 7. 3 : .

Shading to Show\})iﬁerences.——The use- of shaded areas,
as in Exhibit 1¥30ften brings out certain facts more vividly
than the use Ob durves alone. In Exhibit 111 the dashed line
represents the'materials consumed in manufacture. The dotted
line I‘ﬂprhéeﬁts the figures at which the Taw material i;;veutory
mustgeand if there is always to be & 4 months’ supply on hand.
Ii; ;‘-‘?ﬂl"be noted that a certain pOi_nt on the dotted line is re?,c'hed

<bythe dashed line just 4 months later. The solid line represents
the actual inventory on hand. In order t0 emphasize the differ-
ence between the actual and the ideal supplies, the area between
the two lines was shaded, and this brings out very cleatly. the
exeess of unnecessary raw materials. -

A method similar to the foregoing is
Which the solid line represents an ideal expense budget of $100
per month. The dashed line shows the actual expendit‘-{re, to
date and how much it is above or below the ideal.  In the original

used in Bxhibit 112, in
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of this- chart the areas ahove the solid line were shadedl in red
and ‘those below in black. This method of shading is very

N

"MAYERIALS AND SUFPLIES IN RELATION TO
CUNSTMPTION IN MANUFAQTURE -
™\
(Grmalative monthly figures for ourrent
yorr = 1620} O
4 \“\
Uililone of " -
. £\
- Doli . \
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a A\ j —3
£ \J/ —4
e ’
k2
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4
.
)
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ol
On J Fb ar. A J-
ot an. Feb, « Apr. iUay un. Jul. Aug. Sept. Qot, Nov. Des.
:\\ ST I R 31 3“is 33 ILose N
LAY Quarterly FoTecaat < drnual Foresast +—
N The distenge betwasn the 501id curve and the broken, curve
:apr:s:r._l:a the !.?voahnent in matarimls ang dupplise. The Ideal
urve ASSUDes & four monthy Supply always on hand, The distance
Trom the dotted eurve ts t.
cxoaas tnast ', he 80144 curve {ahaded) represents
Exmmrr 11 1.—fhading to emphasize differences, (Adapted from E. I. du Pont de

Nemours & (v, Data kypqt?heﬁoal.)
“effective in calling at
“too large or too small. _
Indicating Forecasts.—The arrows on the chart in Exhibit 111 -
represent forecasts. At the beginning of the year a forecast is

tention to whether the expenditures are
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made for the manufactures curve for 3 months, and this point is
indicated by the arrowhead af March 31. At the same time the
point which the curve will reach &t the end of the year is esti-
mated, and indicated by arrow 1 at the end of the graph. The
quarterly forecasts are made at the end of each quarter, and at
the same time the forecast for the end of the year is revised,
and indicated as shown. Other forecasts, such as a moving

THE WEBBER CONSTRUCTION COMPANY )
SUMMARY EXPENSE sUDGET FOR OFFICE SUPPLIES
DOLLARS : ~\

1200 - 's X

. &
e (gl Exponedihas #N00 T Month
Jopo| T At b R
} | I— S e

goot————1" " | Toflibrary.org.in

600 ———————1T—1 1 \ AP N e sy

s00] s IR D S T

200 —— o=t

:..\’ _ |

W
\'\\ O T Pl Al Ml et gl gl St Gctl ol pecl Jml

Bfagirr 112, —Shading to emphosize differences ebwoon ideal and actual
\ / axpense.
“annua} forecast, may be indicated in the same Way. Another

method of indicating forecasts is to use geparate curves.

COMPONENTS OF A TIME VARIABLE

Choice of Forms—Bars and Cutves.—Often it is desirable
to show the component parts of & time varisble and this may be
done in various ways. Exhibit 113 {lustrates a simple method of

showing how new pasgenger-car registrations in the United States
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ExwEiprr 113.—Component
RIS ARIRISE e grofiRattard Statisties Sopmten )

NEW PASSENGER CAR REGISTRATIONS
.UNITED STATES, 1930- 1934

parts of a time Yariable shown by sepsrate component

-

DISTRIBUTION OF BITuMINOUS cOAL
DUMRED AT HAMPTON RoADS

BY, WEEKS, APRIL |98 TO MARCH 1919
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were distributed by makes over the period from 1930 to 1934.
T Exhibit 114 the lines connecting the components of the bars
are intended fo aid in following a certain component over the
period. However, this chart is somewhat difficult to read, as the

WOOL PRODUCTION

Production of Wool in the Twelith Federa| Reserye Diprict gud the
‘United States aod Tatal Conspmptian of Wool 1h the
United Ssates, 1910-1921
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Exmrpir 115.—Clomponent bara with no int.érvening_spaces.
: Resérve Bank of San ancm_:e:r.)

crogs-hatching is not digtinet and there are too many small
components to allow clean-cub comparisons. In Exhibit. 115 the

chart is easy to read, as the components 8re continuous over

the period and ean be followed directly across the chart. 'This
the data do not change

condition is possible, however, gince the :
much, and the same kinds of components are always opposite



" each other. That is, for instance (in Exhibit 115), an *“Other

£
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States” component is never opposite a “Balance Imported”
component, This difficulty is often met in Exhibit 114, which 3
would be easier to follow over the period if it were plotted as
curves and the areas between the curves were shaded as in
Exhibit 116,. Exhibit 115 should be considered as bars placed :
together—not as step curves with the areas filled in between

N
W LIABILITIES OF NATIONAL BANKS, 1914-1920. '
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Bxirerr 113.——_8hzi..di’ng of aresa betweer curves to show component parts.
A X (Courtesy of Federal Reserve Board))

them, The reason for this can be seen by referring to Exhibit 114,
Where\\ﬂie same kind of component may, at a given date, be far
abOVe or below its position on other dates. Exhibits 116 and 117
gwe & more continuous picture of the series than do the bar eharts
)in Exhibits 113, 114, and 115.
Des1gnatmg Shaded Areas.—Two methods of designating
e “belts,” as the areas between the curves are called, are
illustrated by Exhibits 116 and 117. If there is reom for the
designations, the method of placing them on the belts, rather
than in-an outside legend or key, makes them easier to read.
Large white spaces should not be blocked out in the belts for the

designations, as this interferes with the conception of the sizes
of the areas. :
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Actual Sizes and Percentages. So far, this description of com-
ponent parts of time variables has included only actual sizes of the
values represented. Frequently it is desired to know what per-

GROWTH OF VARIOUS CLASSES OF
PLANT AND EQUIPMENT
BELL SYBTER

/
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Exmmir 117.—Designation of belf® oh 8 ¢OMpOns
Asgerican Telephone and

with legend on chart in Exhibit{ 6. (Courtesy of
Telegraph Company.)
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Exmmrr 118.—A simple method of showing changes in component parta over
a perind of time, {Adapted from Antomobile Manufacturers Assoclation.)

centage changes have faken place without regard for the actual sizes
of the changes. In insiances where the total does not change in
size over a peﬁod, the actusal size di tribution_and the percent-
age distribution of the eomponents would appear the same when
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shown graphically. When the totals Vary in size over the period,
they may be represented equally as 100 per cent, and the com-
ponents plotted proportionally.

A component time chart based on a series of

is presented in Exhibit 118. In this illustrati
represents

pie” diagra.m_s_;
on each eircle
100 per cent and the sectors represent the components,

A

DIVISION BETWEEN THE FARMERS, THE ELEVATORS, O\
AND THE RAILROADS OF THE PROCEEDS OF & CAR- W)

LOAD OF CORN SHIPPED FROM S10UX CITY, IOWA,
TO CHICAGD

3 4 pictorial component time chart.  (Courtesy of the United States
. Department of Agriculture.)

N\

,“‘;'I’he circles are equally spaced and the 8paces represent equal
Intervals of time. The chart is clear and simple and would be
understood readily by readers of popular publieations,

Another simple chart that ig understood cagily iz shown in
ibi i ¢thods of this type are valuable in
field of possibilities,

- It is easier for the

Is Average reader to grasp the relative values of |
_'Exhl_bit 121 than of Exhihit 120. A conception of the relations



in Exhibit 120 can be gained with less effort if but
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one curve is

used and the areas are shaded as in Hxhibit 121. The shading
NEW YORK STOCK EXCHANGE"-
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&
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Exmmrr 190A mothod of showing percgutags relations of two c
(Difficult to-1ead.) §

™
ny

NEW YORK.STOCK EXCHANGE
Dl's-rnlautfoi\l OF SALES 1895-1921

omponenta.

SOURCE OF DATA—WALL STREKT JOURNAL

Exarsrr 121.—A much clearer method of resenting the data of Exhibit 120.

givesthe compopents a sharp contrash an
to many persons who ordinarily
chart like Exhibit 120.

d makes the _chart clear
would be confused by & curve
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When several widely varying components are to be shown,
it is much easier for the eye to carry them across the period if
they are presented in the belt chart form (Exhibit 122) than when
they are presented in the bar form as shown in Exhibit 123.
However, the method used in Exhibit 123 has the advantage
when the emphasis is placed upon comparing the components at
certain points, rather than upon showing the changes over the

. ~

PERCENTAGE DISTRBUTION OF FULL TIVE capaciTve )
OF BITUMINOUS COAL. MINES IN THE UNITED STATES
' 1920 - 192] N

PER CENT
100

20 B
s0 §
70
oo b
50

Emm\l;z_;&’—-Uaé of component eurves to show percentage distribution of
N\

¢ Beveral components,

pel\:i(jd. The comparisons of

y the irregular areas in Exhibit 122
38 not easy to make,

e no and care must be taken not to compare the
widths of the belts, Either the areas or the vertical distances
between the curves must be used as the bases for comparisons.
Overlapping- A Common Error.—When the areas between
eurves are shaded, they must not be assumed to overlap. Such

shading (Exhibit 194) i misleading. The chart in Exhibit 124

18 wrong, as the lower curve Tepresents an entirely different series

from the upper curve and not a component part of the upper
curve.  Imports are not a part of exports. The curve of exports
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COAL MINE OPERATION IN THE UNITED STATES

PERCENTAGE DISTRIEUTION OF RUNNING . TIME AND LOSSES
OF RUNNING TIME. BY WEEKS, ODCTOBER 1217 TO MARCH 1918
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Exmiprr 123.—Tse of cbﬁwnant bars %%M%MWMg%MD of several
components. {Courtesy of the United Stafes G_ealogwal, Burvey.)

EXPORTS AND IMPORTS OF LUMBER
AND LUMBER~PRODUCTS, 1921~193I

MILLIONS:
OF DOLLAKS o\
175 _ £
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e es 196 127 19as 929 1830 193l

Exmimrr 124.— A common error in use of shading, Not epmponent parts. Both
eurves are measured from the sero line.
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is measured from the zero line and not from imports as a base,.
and hence the areas should not be shaded. .

Shading Components.—The shading for the different divisions
of a component time chart must be chosen very carefully if the
graph is to be easy to read. Colors can be used very effectively:
in eomponent charts and, when used, should be representative, s0°

far as possible, of what is shown. For instance, the original of

‘sometimes this order is changed to see

Exhibit 122 was a colored wall chart on which black represended
coal production, and blue represented business depressiomor no.
market. This point, however, in the use of colors ig\only of
minor importance and cannot be carried very far. Black and.
white shading usually is arranged in order from d'aﬂ%’ to Jight, but

! ure algreater contrast
between the different componenta. GO

www.dbraulibrary.org.in 4\



CHAPTER V

HISTORICAL TIME SERIES (Continued)
LOGARITHMIC CHARTS

So far, this study of time series charts has included only
variations in size over the period, and the charts were construgied/
on simple arithmetic scales. It is the purpose in this chapter to
deseribe the construction and use of charts showing “rates of
change. In this connection a knowledge-of the logatithmic seale
is necessary. The purposes of arithmetic curves and logarithmie
curves are entirely distinct. One cannot be usad instead of the
other and, in faet, a clear uhder\giiﬂan ing o {he arithmetic curve
is practically impossible unless one un e&as"f;l W858 4R logarith-
mic curve. Although in the past there has been considerable
prejudice on the part of the busingss Than against the logarithmie

chart, he is now using it much, more widely since he appreciates

its importance and recognizes its simplieity. -

RATES OF CHANGE IN A TIME VARIABLE

The preceding G]}a\pter covered principally problems of
changes in size iny titne vari bles as illustrated, for instance, in
Part A of Exliihit 125, in which the sige of the population for
any one poﬁtﬁf time can be compared with the size for any other
date. That is, we can see that the population of 1930, for
instange, is about twice that of 1890. We cannot, however, in
I.)%Ift"i‘l} compare the rate of increase of one gection of the curve
&iththat of another. Although the curve is steeper from 1920 to
1930 than it is from 1820 to 1830, it does not mean that popula-
tion is increasing more rapidly in the later period. 1t means
simply that the actual difference in size is greater. If the rale

of change is to be shown, . the logarithmic! vertical scale can

1 The Briggs or Common systerri of logarithms, w_rhich is the system in
'_erinar}’ use, expresses any given aumber a3 2 certain power of 10. That
is, the logarithm of a given number indicates what power of 10 that number

8. Thug the logarithm of 10 is 1; the logarithm of 100 or 10%is 2; the loga-
: 107 '

Q
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be used, as in Part B of Exhibit 125, in which the slope of the:
curve indicates the rate of growth. It is readily seen that this
rate is falling off slightly since the curve is less steep in the lat-er‘;g
part of the period.

Simplicity of the Logarithmic Curve.—It must be clearly under-.
stood at the outset that the two parts of the chart in Exhibit 128
have two different and distinet purposes. Part 4 shows\dzf~

0\ "
GROWTH OF POPULATION OF THE UNTED .’STATES
' 1800 — B30 ™
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& EXHIBIT 125, —Arithmetic and logarithmie curves.

size but does not show the rates of change; Part B shows
of change but does not show the differences in size.
Both charts are equally simple, but, because this faet is not fully

realized, the arithmetic chart (4) has been used more widely in-

rithm of 1000 or 102 is 3,andsoon. If the number is not an even power of
10, the logarithm is computed in the f

orm: of a fractional exponent, and thus
the logarithmg of any assignable mumber may be approximately expressed.
The purpose of logarithms is to facilitate and shorten ecaloulations involving
multiplication, division, and the finding' 6f roots and powers. (For a
further elementary explanstion of logarithms, see John R. Riggleman and
Ira N. Frisbee, “Business Statisties,” Appendix VI, “How to Use Loga-
rithms,” MeGraw-Hill Book Company, In¢., New York, 1932.)
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charting business statistics than the logarithmic chart (). Most
business men regard anything that has to do with logarithms as
something highly technical and extremely eomplicated, but,
as a matter of fact, in order to make and use these charts it is
guite unnecessary to have even a slight conceptof logarithms. In
fact, it is sometimes easier to explain the uses of these charts to
one who has never studied logarithms than it is to explain them
to one who has taken elementary courses which involve the
use of logarithms {0 -a limited extent. '

Scales for Logarithmic Curves—Referring again to Patty,
B of Exhibit 125, it will be seen that the horizontal scale is faled’

arithmetically and that only the vertical scale is ruled Jogarith-
mically, Curves made in this combination are /gemronly
referred to by business men as “logarithmic curyes.”t The
arithmetic horizontal scale provides uniform specing for the
periods of time, such as months or years. The wertical logarith-
mie seale, which is in geometrical progression,® gives the true
relative comparisons of the changé‘é?‘r‘dt;""ﬁ,“ﬁbm"ym‘g‘in _

On the arithmetic chart, equal iJ}téljvﬁls on the vertical scale
represent equal differences. Thus; in'*Part A of Exhibit 126 each
vertical spacing represents 200 persons and the euwrve shows.the
actual differcnces for each #Q years. In the logarithmic chart
equal intervals on the verfi¢al scale represent equal ratios. Thus,
in Part B of Exhibit @,"éach vertical spacing represents twice

! In business statistiés’; 4his chart is commonly called a «Jogarithmic chart”
or o “logarithmic{carve.” Some writers suggest that it should be called a
“semilogarithmie phart,” since only one scale is logarithmie, leaving the term
“logarithmic £ $o apply to a ehart in whieh both scales are logarithmie. Two
10ga,rithmié§alcs are 9o seldom used on a gtadistical chart, however, that
the byginess user prefers to atiach the modifier to this chart calling it a
“@Qul’ﬂé Togarithmic chart,” and to apply the less awkward term ‘‘loga-
fithmic” to the single logarithmie scale charb which is in common business
usel’ The terms “gemilogarithmic” and #arithlog
some of the paper that is on the market for making these charts, Another
term which is sometimes used is “ratio chart.” (See Professor Irving
F¥isher, “The Ratio Chart for Plotting Statistios,” Quarterly P ublications of
the American Statistical Association, June, 1917.)

* A geometric progression is a series
term is multiplied or divided by a constant factor, thus 1, 2, 4, 8, 16, 32, etc,,
or 16,8, 4,2, etc. An srithmetic progression is a series of numbers in which
&very successive term is increased or decr by & constant amount, as
1,2,3, 4, ete., or 2, 4, 6, §; ete., or 15, 12, 9, 6, ete. :

 gre used to deseribe

of pumbers in which every successive

Q)
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the preceding spacing, or, in other words, each twofold or 100]
per cent increase has the same spacing. With reference to the:
table at the top of Exhibit 126, the increase from 1880 to 189
represents a difference of 100 persons, and the increase from 1910
to 1920 a difference of 800 persons; these are the facts that are

* shown by Part A (Exhibit 126). However, the rate of increase

. is the same if 100 increases to 200 and 800 increascs to 1,600;

bence there is no change in the slope of the curve in Part B‘Of‘

Exhibit 126 which shows these rafes of change. O\
Y
: & N
GROWTH OF POPULATION OF ™
JONESVILLE 1880-1920 o\

1880 100 AN

1890 200 \

1800 400

1910 aoo \

1920 18500 \\
FOP. POP. 7Y pop,
f 1600 S =
1499 wwg.dbraufibrady .org.in AN\ b —
1200 ) a —
1 /| R g -
€0 00— 4
c0,

zodes
200! - :
188D 1899 1800 191q,1qzc;°?580 1880 1900 1210 1620 1060 1890 (900 11D 1520
a 020 . . o
\\ B C

—
EX_HEB\IT 126.—Senles in arithmetic and geometrie progression. .

A logarithmic chart like Part B of Exhibit 126 would not be
conyvemignt for plotting between the ruled lines, because there are
suchJafge intervals of value represented in the upper parts of the
segale. A chart is much eagier to plot and read if constructed

¢ '“i:irl & basis of tens. Part € of Exhibit 126 is the same as Part B

\

) except that additional horizontal lines have been interpolated at

their proper places. In ascending order the lines are spaced closer
together, for, if there is 0 be a kne for esch 100, there will be

~ Done between 100 and 200 (Exhibit 126 €); one between 200 and

400; three between 400 and 800; and so on. Note also that these

interpolgted lines are not equally spaced but are always neareT
the line above than the one below.*

! The divisions of a lo

garithmic seale are proportional, not o the pumbers
themsgelves, but to thei ;

r logarithms. - That, is, the seale is divided logarith-
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Semilogarithmic Paper and ‘Ruling.—When it is desired
to use the logarithmie curve, it may be made on speeial coordi-
nate paper,! whieh is ruled as in Exhibit 127, or the scale may be
taken from the statistician’s scale? or from the slide rule.? One
" complete cycle or deck on. a logarithmic seale is usually numbered
from 1 to 10, as shown in Exhibits 127 and 128, and the decimal

mieally, and the designations are not the logarithms but the numbers
corresponding to the logarithms. Thus, for instance, 4 is. over halfway,

between 1 and 10 because the logarithm of 4 is 0.6021, which is more than 3

half as large as the logarithm of 10 which is 1; but instead of using“the
logarithm 0.6021 in the scale, the corresponding number fisused. \ O

1 8emilogarithmie papor, for plotting statistical charts, may beglobtained
from the Edneational Exhibition. Co., Providence, B. I.; Keuffcland Heacr
Co., New York City; and Codex Book Co., New York CityN"\®

% Bee page 222 for a description of & statistician’s scale.

3If semilogarithmic paper or a logarithmic seale isqef’at hand, a ratio
chart may be made by reducing tle data to 10gar.ii'{'lmlc terms, and then,
- wsing the ordinary arithmetic seale i paptn e Breagt s,of the given
quantities will be plotted instead of the quamtities themselves {Exhibit
142, Part ¢, on page 126). If, however, rgq.ioga.rithmic scale iz at hand, and
it is desired to make a chart on a semilogarithmie eoordinate ruling, the
logarithmie scale may be laid out as follows: Suppose that it iz degired to lay
out & logarithmic seale in Tound numbers from 10 to 100 (10, 20, 30, 40, 50,
60, 70, 80, 90, 100}. Look up th AJogarithms of these round numbers, which
would be as follows: 10, 1.000{ 20; 1.301; 30, 1.477; 40, 1.602; 50, 1.699; 60,
1.778; 70, 1.845; 80, 190300, 1.954;.100, 2.000. Nest, lay out, arithmeti-
eally, g, seale on which f\plot these logarithms as in A as illustrated below.
Then plot the foregoifig togarithms. This plotting is shown by the points
in B. Next, rule linss spaced according to the points plotted in B, as in €.

. (N

.\qims Logs NUMBERS
ONRO 26 e [
\ 19 1.3 _ E——
s - —— 0
RN BERL:] Cash— [ —— &——
7N\ 17 17 _— BO——]
m\./ L6 1.6 ——— Ao———"|
Q) 1.5 ) [ ag———1
I8 [}
1:3 1.3 —— 20—
"2 12 .
Ly L1
L0 151 ——— o
A - B c . 4

Then number the lines according to the natural numbers as in D, not accord-~

ing to the Jogarithms. As previously explained in fooinote 1 on page 110, .

the divisions of & logarithmie scale are proportional, not to ihe numbers
_ themselves, but to their logarithms; thet is, the seale is divided Jogarithmi-
cally and t.he_dcsi@nations are not the logarithms, but the_mtuml numbers,

Q!
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. point may be placed so that the seale will be suitable for the'
particular curve to be plotted. That ig, a cycle or deck may be
0.01t0 0.1, 0.1 %0 1, 1 to 10, 10 to 100, 100 to 1,000, cle. Exhibits
128 and 129 show examples of two scales. In Exhibit 129 the-
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Exumir 127 Letter size lo;

4 arithmi 3 i linear.)
(Sometimes wallol somilogarit = 1¢ paper. {Reduced 214 #imes

hmic sinee only the vertical scale is logarithmic.)

sqa,[e is eontinuous through five decks, In all cases each deck is.
ten times as great as the one immediately below. Thus,
Exhibit 128 shows two complete decks numbered (in millions)
from 1 to 10 and from 10 to 100, or & continuous range from
1 to 100 millions. Exhibit 129 shows five complete decks, but
only the bottom line of each deck is numbered beeause of the
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limited space for lettering. Tn this exhibit each deck is ten times
the one below and a continuous scale (in thousands of pounds)
of from 10 to 1,000,000 is given, There are a8 many lines in a
dook in Exhuibit 129 as there are in Exhibit 128. In Exhibit 127
extra lines are ruled in for convenience in plotting, but no more

—
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S
rmmaE 138 Logarithmie chart of two decks, The logarithoie scale is
“S?ally'dégignated from 1 te 10 (as above} with the necessary ciphera {oT decimal
pq"qfﬂ) The slope of the curve indicates rate of change.

2r€ necessary for reading than are given in Fxhibits 128 and 129.
~ Referring again to ‘Fxhibit. 127, it will be noted that the lines
are closer tdgether as the scale ascends, ‘and that, when the
point is reached where they would be too close together, some
must be omitted. .

- ‘Test for the Logarithmic Scale.—A simple test that may _b'e
applied to the logarithmie scale 10 determine whether or not it is
laid out correctly is to take the scale, dividers, or an edge of
paper and see if the spaces from numbers to their doubles are the
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UNITED STATES IMPORTS OF TIN PLATE

1909 -1931
THIGANDS
OF POUNDE
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HOTE - FLAL YEARS T AND WCLUDING THS. SUBSOOUENTLY, CaENGAR \’s@
SOURCE- STATISTICAL, ABATRACE A

LI N % 7 T
{IBIT | garithmic chart of five decks. (Space permits vertieal scale
designations for only the hottom lineof esgh deck. Compare with Exhibit 128.)
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~—There can be no base or zero line on a logarithmic chart. Ona
art, only that part of the scale sufficient to include the range of
e curve need beused. (Adupted from Automobile Manufacturers Associaiion.)

Exnmrr 130
logarithmie ch
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. same. That is, the distance from 1 to 2 should be the same a8
- from 3 to 6, or 500 to 1,000, or 4,000,000 to 8,000,000, ete.
{Doubles arc mentioned for convenience only. Ometo three, one
to five, one to ten, or any other ratio would do equally well, as
equal ratios should have equal spaces in all cages.)

~ The Logerithmic Scale Has No Base or Zero Line.—Since the '
same space stands for the same ratio of magnitudes in all parts
of a given logarithmic scale, obviously we can gpproach zero
indefinitely but can never ‘reach it. Consequently, there is 00 -

. . i\
UNITED STATES EXPORTS OF AUTOMOBILE TIRES-, *
7 1g21-1929 L0

THOUSANDS
OF TIHES
3000

2000

7
3

1200
aco
B0 -

S00 -——~l—
400 I

300

. 200

100

1921 g2z 1923 {152
ExHIsIT 131.— Wrong. Sju’ch ause of-baraon & logarithmic scale ig never correct.

AS .

- zero on a logarithmie scale. Neither is there a base line, for any
value on a logdrithmic scale is as much base value ag any other.
The scale thay begin with 1, 2, or any other- numbek. It is
nee‘?{sf{éfl.‘jf only to choose a part of the scale sufficiently long to
ipelide the data to be plotted, as i Exhibit 130. Since there
ciirbe no base, the bottom line of o logarithmic chart should not
be emphasized as is the zero line for an arithmetic seale (see
Exhibit 130).

Exhibit 131 represents an incorrect use of bars on & logarithmie
scale, * Since there can be no zero hase fine on such a chart, the
bars cannot represent .actual sizes. And such bars have _no
significance in showing rates of change. A bar chart comparing
sizes should never be drawn to amythiig but an arithmetic scale.
The type of chart illustrated in Exhibit 131, however, should not
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3

o

be confused with. thﬁt illustrated in Exhibit 1367 on page 120;
which does show relative fluctuations. i
Significance of Slopes of Curves.—In the logarithmic chart the

* index of the rate of change is the slope of the curve. If a curve
~ hag a steeper slope in one part than in another, the greater steep:

ness indicates a more rapid rate of change. Equal slopes indicate
equal rates of change. Thus, in Exhibit 128 the rate of growth
was much more rapid from 1912 to 1923 than from 1923 +0\1930,
A straight line over a period would represent 8 constant zate of
change. The area under the curve, which is so impérant on an
arithmetic ehart, is of no significance on a logarighigic chart.

Smoothing Logarithmic Curves.—The ruléghfor smoothing
logarithmic curves are the same as those deseribed for arithmetic
curves in the preceding chapter (pages 7\1 0 74).

COMPARISONS OF RATES OF CHA'\N(}E IN TWO OR MORE
‘ www . dbraulibrar MI‘ES

It must be kept in mind that the purposes of the arithmetic
eurve and the logarithmie curyeare distinetly different. The two
cannot be combined, and Q:@'eéannot take the place of the other.

~ This will be brought oyt rore clearly by a consideration of Parts

4 and B of Exhibii;.{32. In A we can compare the size of one
store with the $i2d of the other, and it is easy to sce that the
main store is abotit four times as large as the branch. We cannot,

~ however, direttly compare the rafes of change in the two curves.

That is, We eannot tell which store is growing the faster. To
determﬁne\this, We can use the logarithmic curve, as illustrated in
ParsB of Exhibit 132, which shows that the rates of change are
the(same. * Of course, one can estimate from the scales what the

_.,rﬁ.t’e of change is in an arithmetio curve, and what the size

a

\differénce is in a logarithmic eurve, but these estimates are made

from values on the scales and not from directly reading the curves.

Business men often attempt to compare the rates of change
befzween arithmetic curves without realizing how greatly they are
being misled. For instance, several bankers in a large eastern

_ bank were studying the curves shown in Exhibit 133 from &

similar chart of the earlier part of the period which appeared in
the Federal Reserpe Bulletin. After a discussion, they agreed as
1_30 the reasons why cotton consumption fluctuates more than
Wwool -consumption, when, as a matter of fact, cotton does not
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fluctuaie relatively so much a8 wool. This fact is clearly shown
by the logarithmie curves in Txhibit 134, I the above-men-
tioned bankers had appreciated, even in a general way, the uge
of the logarithmic curve, they would not have erted by trying
to read rates, or relative fluctuations, directly from arithmetic
curves. : :

COMPARISON OF SALES OF
MAIN STORE AND BRANCH STORE X
1930-1934 O
ALSZE OF CHANGE  B-—RATE OF CHANGE g \
THOUSANDS . m\\
OF DOLLARS "
70 3
sol-—

S0

’ )
(N MAN STORE  BRANCH
7\ - ja30 54,000 3000
\/ 1931 B.O00 - 2000
"\ 932’ 16,000 4.000
N\ 1933 32,000 8000
WS 1§34 4000 . 18000

N

N
\¥ -
\ / ExXHIBIT 132.——_Compa.rison of_‘_a.rithmei.io and logarithmic curves.

Only Vertical Distances Should Be Compared.—In Part B of
Exhibit 132 the rates of change are the same in both series.
 Whenever, in a logarithmic chart, two curves run parallel in the
sense that the vertical distance between them remains unaltered,
the rates of change are the same. Note that curves which are
parallel in this sense may 1ot be separated by _equal distances
(Exhibit 135). This effect occurs ‘only when eurves are far from
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straight, but in reading such curves care must be taken to con-
" pider the vertical distances between them.

COTTON AND WOOL CONSUMPTION
N THE UNITED STATES

1919-1929
i - X
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ExHIRIT 133.—Comquiﬁg Bizes or quantifies.
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Exetpir 134.—Comparing relative fluctuations or rates of change.
'l:.Tnle?s the foregi)_ing principle is understood when reading &
chart like Exhibit 1364, which shows the range of prices pro-
- portionally, one may be misled by reading the widths of the
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black areas instead of the vertical distances across the areas.
This difficulty is overcome in Exhibit 1368, in which the length
of the bar represents the proportional range. If print cloth
varies from 80 cents to $1.20, and cotton varies from 20 to 30
cents, the proportional changes are the same. In Exhibit 1365,
the distance from 80 cents to $1.20 is the same as from 20 fo
30 cents, and, thercfore, bars representing these same propor-

tional changes would be of equal lengths. -..

The type of chart llustrated in Ex- -
AERRy

hibit 1368 roust not be confused, how-
ever, with the bar chart ghown in 1ixhibit
- 131 on page 115, which is very migleading
and should not be used, as it does not ™

making logarithmic charts, it is desirable™’
1o inelude a scale of the units ustd i‘f’tﬂfé’%"i Tralperie L
an aid in checking aund a copvenience in 1 Ll :
reading valucs from the curve..l This scale ExXBYBIT 1:5-;—511:;2
should be expressed in the(same type of bt e vertical dis-
units as are used in an asithmetic chart, tances between them &re
and for the same data the scales tor both € e :
kinds of charts would be alike except in spacing. Numbers
in the logarithmio scale may have to be omitted as the spacing
decreages. Thestules for designating unite and for positions of
scales are, {lipsame for both kinds of charts. The vules are the
sme al5t§0r differentiating and designating the different curves.
Thegelpoints have been discussed at length in the preceding
,Bha;p}er. ' _
¢ommon Tnits Not Necessery in Comparing Rates of Change.
Rates of change in different series or in different parts of the same
series may be compared when they are.not expressed in £omInon
-units, TFor instance, jn an arithmetic chart we cannot compare
the sizes-of coal and oil productions when_ooa.l is expressed in
_ tons and oil in barrels. Different units do not_-__prevent coOmPparing.
rates of change in these series on. & Jogarithmic chart, however,
for if oil produetion increases over the petiod from, 8a¥, two
hundred to four hundred millions of barrels, and coal increases

represent relatives, and it cannotrepregent ——N iy

sizes, since there can beno zero baseina || ,/ [ |

logarithmic scale, _ ' .'\\'_':__,/ A
Scale Units and Designations.—In N 74 '
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from say, three hundred to.six hundred millions of tons, the -
production has doubled in both instances, and hence the rates
of change are the same. ' '

Exhibit 137 illustrates the use of three different scales in such

a manner as 1o bring the curves close enough together to permit

easy comparison. As previously mentioned, in connection with

- 'Exhibit 99 on page 85, when two or more scales are used in this
- manner they should be placed on the left-hand side of the graph,
to avoid the confusion that would result if some were plaged 'on

7 ". N
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6.—Two metheds of showing relative rangs of fluctuation.

_oneside and some on the other. The use of different units on a
{ Vogarithmic chart is further illustrated by Exhibit 138, in which
the problem is to compare the four curves with reference to how
_sensitive they are as indicators of business conditions. Four
different designations of the same seale are used {dollars, tons, -
cents, and shares) in such a manner that the eurves are pbrought
close enough together to be compared easily. Not only does this
chart show which curve moves first, but it compares the rates at
which it moves as compared with the others, and how far it
moves relatively. Thus, for instance, stoek exchange sales and
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Dun and Bradstreet’s price index may he compared, not only as
to which moves first, but as.to which moves the most rapidly
and fluctuates the most widely.

Comparing Data of Unlike Time Distribution.——Exhibit 138
presents also the problem of comparing data of unlike fime dis-
tribution. Thus, stoeks of steel sheets are given only for the -
last day of each month. Dun and Bradstreet’s price index is
given for the first day of the month, but is based primarily on the .

. '\
INDEXES OF WHOLESALE PRICES « \

N THE UNITED STATES, 1900-1930 (™

DUN. BRADSTREET, AND BUREAU OF LABOR STATISTICS
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EE}?FH}BIT 137.—Correot use of different scalea on 2 logarithmis chart.

y opfeﬁious month. New York Stock Exchange transactions are
the total number of shares traded during each month, snd wheat
prices are the average of the high and low for each month.
* While an exact comparison cannot be made, because the data
are unlike, it is often desirable to compare the relative move-
ments of such data, and care must be used in plotting, or an
apparent lag may not be a true one. In Exhibit 138 the moenthly
fotals and monthly averages are plotted as of the middle of the
_ month, ag the position of least error. Dun and Bradstreet’s price
index is plotted on the first of the month and stocks of steel sheets
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are plotted on the first of the following month; that is, for -

ingtance, orders for January 31 are plotted on the February 1 line.
Standardization of Scales.—When it is desired to make

logarithmic charts in such a way that they ean be compared

directly, they should be drawn to the same seales as illustrated in

-GENERAL BUSINESS CONDITIONS A

DUN AND BRADSTACEY COMMODITY PRICE INDEX PLOTTED a5 OF THE FIRST of \\
THE MONTH = SOLRCE, DUN AND BRADSTAEET MONTHLY REVIEW, STACKS OF STESLE N
SHEETS REPORTED FOR END OF MONMTH PLOTTED. AS OF THE FIRST OF THE
FOLLOWING MONTH — S0URCE, SURVEY OF CURAENT BUSINESS. WHEAT PRICES
AVERAGE OF HIGH AND LOW PLO‘I“?ED AS OF THE MIDDLE OF FHE MONTR =~
SOURCE, CHICAGO BOARD OF TRADE. NEW TORK STOCH EXCHANGE TRAKS&
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{ \ Exaterr 138.-—Comparison of unlike time dlstnbutlons
Exhibit 139. Then the rates of change of the curves in chart 4
can be compared with the ratesof change in chart B simply by com-
paring the slopes. It is easy to see that this could not be done if
the intervals for the same ratios in the vertical seale were larger
in one chart than in the other, or if the horizontal scale intervals -
in one were larger than in the other. o '
Exhibit 139 also illustrates how the seasonal and other move-
ments of different years may be directly compared. That is,
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curves for two different years are plotted to & common scale of-
months, o

Exhibit 140 presents another illustration of the use of uniform
scales. In this chart, twenty-four curves are drawn to the same
vertieal logayithmic scales and the same horizontal grithmetic
scales and are, thercfore, directly comparable. This exhibit also

. — 1
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I\ mrr 139.—Comparisen of ‘separate logarithmic charts. -

iu‘{éﬁi‘ates the best method of presenting a large number of curves
£ Owone chart. ' : _
" Shifting Curves for Ease of Comparison.—Bince the index of
the rate of change is the slope of the curve, the logarithmic chart
is sometimes made as in Part B of Exhibit 141 to facilitate ease of
comparison, In Part A4 of Exhibit 141 the curves are oo
far apart to show readily the differences jn the rates of change, 50
_. in B these same curves are placed together and the differences
can be noted more easily. Both curves still may be read from.
the seales if the scales are shown ag in Exhibit 141B8. I it is
_ desired to do the original plotting a8 in Exhibit 141B, one scale



124 - GRAPHIC METHODS FOR BUSINESS STATISTICH

- WHOLESALE PRICES OF TWENTY-FOUR COMMODITIES
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Examir 140—Twenty-four surves drawn to the same vertical logarithmie and
the same horizontal arithmetic acales



HISTORICAL TIME SERIES—LOGARITHMIC CHARTS 125

may be raised or towered in position along the other by multiply-
ing or dividing it by a constant. Thus, in Exhibit 141B it will
be noted that every number in the left-hand scale is exactly five
times the opposite number in the righi-hand scale. _
Different charts, when drawn to the same geales, may be super-
“imposed upon each other and shifted about until the curves can
be compared easily. Such comparigon i greatly facilitated
by using a glass copying board such as the one illusirated in.
Exhibit 248 on page 232. ' '

Percentage Relatives.—Percentage relatives are used when ita
is desired to compare, not absolute sizes of the quantities or rates™s/
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Exmpir M1 xhif_ting curved o aid compsrisen. _

of change over tha’périod, but the changes that have taken place
in torms of percefitages of the value at some particular period.
In determining percentage relatives, the data for one period or
average af 'a period are taken as the base, usually indicated as 100,
upon.jﬂﬁch the datsa for the following of preceding periods are
: ?ij;luted as percentages.’ Thus, in Exhibit 142, Graph 4
compares the actual sizes of the two prices Over the period, While
B compares the changes that have taken place since 1925 by
showing what percentage of the 1925 value the prices are for the
other dates. That is, for 1927 the percentage relative on & base

—_—

' A_l'apid and casy method of caleulating percenta
the slide rule with the following setting:
C seale Base number (20} M
D scale 100 Percentage relative (150)

n_

TS

o
AN

-]

1&22 o4 1926 a8 19

ge telatives is to use

Q)



126 ~ GRAPHIC METHODS FOR BUSINESS STATISTICS

[
PRICES OF STOCKS No.| AND No. 2
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ExHmBIT 142, Various ﬁwthods of comparing time series.
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of 1925 for Stock 2 is 400 (Exhibit 142, Graph B), which means
that it is 400 per cent of the same stock priee for 1925.

The percentage relative chart is often used to compare vari-
ables that are expressed originally in different units. That is, -
for instance, one might compare the percentage changes that have
taken place in the production of lumber (board feet) and steel
(tons) in terms of some particular date.

The use of the percentage relative chart must not be confused /
with that of the logarithmic chart. The two are distinctly
different. While we can sec from Graph B in Exhibit 142$haf
the proportional increase from 1928 to 1929 i greater i—TlsNO. 2
than in No. 1, we eannot compare the rates of changeifor the
different periods in either curve. The rates of chghge are com-
pared in Exhibit 142 in Graphs D, E, F, and G “Although the
eurve of No. 2 has a constant rate of increase, Gtaph B would give
the impression that the rate is increasing;.'aa\@d though the rate
is falling off in the curve of No. 1, it appears to be constant in
Graph B. On a logarithmic scale thhé'élppes of the curves are
the same, whether the actual U .'grsrg%' %;'Eé'aﬁ‘@f‘é’éigtﬁge relatives
are plotted. N ' :

If the percentage relatives'of the same base year are plotted
"23in Graph E in Exhibit 142, the curves are automatieally shifted
80 that they are close ¢ éach other; this arrangement facilitates
the comparison of logarithmic curves, as has been discussed
préviously. It is(important to note that this method is a con-
venient one forGnaking such a shift. This was the principal
reason for reducing the data shown in FExhibit 143 to percentage
relatives, (A slight spread between the curves in Exhibit 143 is
very sighificant, and unless they are cloge together it is very
diffictilt for the reader to appreciate the differences in their slopes.
y \If two or more serics of percentage relatives having different
base periods are to be studied, they cannot be compared directly
on an arithmetic scale without distortion (see Graph C, Exhibit
142). Different base periods, however, make no difference in
!ihe shapes of the curves plotied on the logarithmic scale; this is
lhustrated by Grapbs E and F in Exhibit 142, and by Exhibit 144.
These different methods of handling the data do not alter the
.tates of change, and hence there is no difference in what is shown
by Graphs D, B, and F of Exhibit 142 or by the three different
- curves in Exhibit 144. Thus, if one desires to cOMPAT® the
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COMPARISON OF THE RATES OF INCREASE
IN RENTABLE OFFICE AREA AND POPULATION N
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Ezamrr 143.—Use of ‘percontage relativeg ‘finr'bringin,g curves together to
: facilitate comparizon.

wwwr.d bl'aulibral'y;arfg_i;l'

®

ACTUAL DATA AND PERCENTAGE
RELATIVES COMPARED

. DATA-ONITED STATES Pi6 IRON FRODUCTION
MALLIONS ¢\ - )
B o <& . 19-1g29
80 800 S ﬁg]‘
50 s00——2 > 11 [ |
B o e SN ] ]
0 k=N . ACTUAL DATA
=\ -
go\zoc:?é%%-%ix PERCENTAGE| RELATIVES |
o ] 1921=/00
N5 sy / i
| T\ P .=~ "PERCENTAGE] REL ATVES
o 1o \ - 19222100 '
L e S e AU SN S E—
8 sg—— A L A ——
7 70 o
6 &

o | ]
IS 1920 921 1922 1923 moe 1925 )o26 1927 Ig28 @29

_

Exmisrr 144, —Relative fluctuationa of actual dats and percentage relative series
with different bases are the same on s logarithmic chart, :
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United States Bureau of Labor Statistics Index of Wholesale
Prices (1926 = 100) with the Economist (United Kingdom)
Index (1913 = 100), he may compare the rates of change by
plotting thern directly on a logarithmic chart. . :

Tf a logarithmic seale is nof at hand, a logarithmic chart may be .
constructed as shown in Graph G, Exhibit 142. In this chart the
data are reduced to logarithmic terms and then, using the ordinary
arithmetic scale, the logarithms of the given guantities are plotted
. instead of the guantities themselves.! Rates of change are
shown by the slopes of the resulting curves. It will be notéd
that the shapes and slopes of the eurves in Graph & of Exhibif 142
are the sare as in Graphs D, E, and F. - :‘.},

Percentage relatives, illustrated graphically by Graphs B and
of Exhibit 142, should not be confused with link/relatives (sec
Graph /). Percentage relatives show all of ke values in a
serics in percentages of one fixed base. Lin];, m\}a:tives show each
value in a series as a percentage of iig .précedjng-va;lue. In
Curve 2 of Exhibit 142, -Grap\pwf\jﬂgqgl‘jil{lﬁﬁaagm%’r the value for
each year is 200 per cent of the valu'g it eac pr&‘:ed%ﬁﬁ year, and,

consequently, this curve is a horizontal straight line. (See also
the third column from the endiof the table at the bottom of
Exhibit 142.) o : -
The Simple Percentage}Method.—It is often attempted to
show rates of change bga arother percentage method. . And when
curves do not greatdy diverge, this method gives approximately
correct results; bifif the curves diverge greatly, comparisons of
rates of changp aré likely to be very misleading. Graphs € and D
“of Exhibit 148 illustrate this method, which has been uscd in
an attempt t6 combine the advantages of both the arithmetic and
the logatithmic chart. For the sake of simplicity in illustration,
the @ata shown under “First Assumption’ in the table in
Eghibit 145 and plotted in Graphs. 4, B, C, and D represent two
investments made in 1910, one of $50 and the other of $10 and
the rate of incroase is the same for both, namely, 25 per cent per
annum compound interest. Graph 4 of Exhibit 145 shows the
data plotted on an arithmetic scale, while B compares the rates -
of increase. Rates of change can be compared roughly on the

! Bee third footnote on p. 111,
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Frrer Assvmerion
Year .Investment 1 Invegtment 2
1510 $ 50.00 $10.00
1911 62.50 12.50
1912 78.13 15,83
1913 97.66 19.53
1914 122.07 24.41 Q
"1915 152 .59 30.82
1916 190,74 ) 38,16\
1917 288.42 47, 65'3\ ’
1918 208.02 59,61
1919 372.53 N
1920 4685.66 '\g 8313
8Ecowp AssumpTioN ’
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Investment 1 } Investment 2
ww w . dBraulibrary.or g',frk 7
1920 ) gﬁamé 3 $465.66
s sfo, . N oo * S -
400 H 200 "N & )
l'l'r 200 ;\?1 m _‘[ 7! on . | s
=00 ’ 100 —v—ig 200 4 /
¥ o i : ,‘ 5O AL
200l / . P I AN
- N 200
el 2| || B g2l L, wl gl L L,
AN =aRnE
o 10 o 0 -
190 12 14 1§\~ 18 191012 14 16 1620 101214 16 a5 1910 12 ‘14 16 16 "20
N/ B ¢ D
B A % 3 LI *
3 : [T T #oo oo kil
oo 200 7 q
\ 200 ry Ll -+ 400
} !J' .,IJ . ] g 5
- il ol oo %o
200—— < / §§ - v 200/— - T =00 ~
o’ I sor— 21 Pt
Yoo Lt e':/"{ ] an ﬁ F+
e [ 20— - 100 100 )
b ol 2 = o] 2 .
o 10 L_| o - o o
19902 114 16 1820 1510 12 "14 & e 20 1012 a6 s '28 1810 12 14 18 B 20
B F @ H _

ExumsiT 145.—The aimple Dereentage method of jugsling scales to show ratea of
change and example of diffieulties.
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arithmetic seale between parts of curves that are approximately
the same distances from zZero, and based upon this principle
100 per cent is given the same space from. zero for each curve, as -
illustrated in Graphs € and D of Exhibit 145, Thus (in Graph ¢
of Exhibit 145), $465.66 equals 100 per cent, while in D $93.13
equals 100 per cent, and the intermediate values are located
proportionally to these totals. Since both a scale of dellars and
a percentage scale are given in € and D, both values (left-handy
seale) and percentages (right-hand scale) can be read from thev®
same chart. S B R\,

Tt is the purpose of the makers of charts like ' and-D,(Eihibit
145) to combine the advantages of 4 and B, but as g matter of
fact the difference in sizc, which is the purpose of therarithmetic

“chart A, cannot be compared graphically in C abd¥D. In regard
to the rates of change, we see that in ¢ and D thecurves are alike,
but, while we ¢an compare any period in (7#ith the same period
in D, we cannot compare the rates of .ciﬁnge between any two
periods of the same curve in € and, Igbas ¥, oan in B.

The rates of change ate shown 1606 equal Tor'the‘siine periods .
in ¢ and D (Exhibit 145), sincethe curves have the same slopes, -
but they will be alike only inuch an ideal case. 'Let us assume
that the value of Investmeiit 2 increases according to the “Hecond
Assumption” (see tablg”i}.l Exhibit 145) from $74.51 to $465.66 in
1020, instead of t0.$93.13. Now the arithmetic curves will
appear as in GraghZ of Exhibit 145, and the logarithmie curves
will appear as i@/ Craph F. The rates of change are the same .
in both serigs™antil 1019, Using the percentage method above
deseribed; the curves would appear as in Graphs ¢ and H
(Exhili{t "145). This percentage method now fails so far as

_ c?’?&ilﬁ’l‘ing rates of change is concerned. While the rates of

¢¢hange are the same up until the last year, they are shown by
the percentage Giraphs G and H (Exhibit 145) no better than by
Graph E, which is not intended to show rates of change at a,l_l-.
The figures charted in Graphs E, F, G, and I of Exhibit 145
represent an extreme assumption, but no more extreme than the
ideal case shown in Graphs 4, B, €, and D. _Additional study
(_Jf Exhibit 145 will reveal still further the likelihood of error in
interpretation when percentage scales are juggled in an attempt
to show rates of change.
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. Standard Deviations,—In g problem such as that of showing
busine_ss cycles graphieall ; When the réla,tionship belween differ-
-ent series ig studied, a situation arises which eannot be solved
directly by any of the graphic methods previously discussed.

PIG IRON'-F‘ROD_UCTION AND BANK CLEARINGS OUTSIDE
NEW YORK ciTY COMPARED WITH NORMAL, 1903 - 1920

g "IN TERMS OF PERCENTAGE DEVIATIONS
+30 rH 7 * 1 IR Y
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Exmiair 146, —Tss of Stauda.r& deviation in graphic presentation. (Adapted
from Amet\ia:gﬁ Teephone gnd Telegraph Co.)

each series may he reduced to terms of its standard deviation,
which, for most burposes, is the best method of measuring dis-
Persion in common use at present. The lower graph of Exhibit
146 shows the two series of the upper graph plotted in terms of
their respective standarq deviations. :
The use of standard deviations is also illustrated in Exhibit 142
in which Graph 7 shows how the series presented in Graphs A to
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F, inclusive, appear when charted in terms of their standard

deviations.? o
Cumulative and Non-cumulative Seriés.—As previousty

pointed out, it is important that the distinetion between cumula-

ANNUAL BUILDING PERMITS ANNUAL BUILDING PERMITS
COMPARED WITH COMPARED WITH
TOTAL POPULATION JANMUAL POPULATION INCREASES |
LOS ANCELES, 1920-1930 LOS ANGELLS, 1920-1930 ¢ \~
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. S ——— A
, BXHIBIT 147.—In comparing ‘E?uies (eraphically or otherwise), it is important to
nguish between curnulaéive and non-cumulative data, A, Non-cumulative
stries compared with eumulitive series—a difficult comparison te make. B,
oth ‘series of Part 4 shown on 8 non-eumulative basis; the comparison is much
eagler to make. Py D : _
N\
tive and nonCéimulative data be clearly appreciated in the ﬁ.eld
of graphig Jprescntation. Otherwise, considerable eonfusion
— N\
' EQ’ ithe computation of standard deviations, see any standard text on
Stistics such as . U. Yule, “Introduction to Statisties,” Chap. VIII;
/1. King, “FElements of Statistical Methods,” Chaps. X1IE and XIV;
Horaco Secrist, “Introduction to Statistical Mcthods,”. Chap. XI; George
- Davies, “‘Introduction to Eeonomic Statistics,” Chap.. iI; Rol?ert. -
‘I‘h‘egel, “Elements of Business Statistics,” Chap. XII; Frederick c. MIHS:;
“Statistical Methods,” Chap. V; Harry Jerome, ‘Statistical Method,
Chap. IX; Frederick C. Kent, “Elements of Statistics,” Chap. VIII;
Robert 1§, Chaddock, “Principles and Methods of Statisties,”” Chap.
X1, William . Sutcliffe, “Flementary Statistical Methods,” Chap. XV;
Fdmmmg 1. Duy, “Statistical Analysis,” Chap. XT; Frederick E. Croxton
- ond Dudley 7. Cowden, “Practieal Business Statistics,” Chap. X; and
.John R. Riggleman and Ira N. Frisbee,  Business Statistics,” Chap. IX.
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is liable to result owing to ﬁttempts to make direet comparisons of
cumulative with non-cumulative series. This is lrue, whether
amounts of change or rates of change are being compared. When
a chart similar to that presented in Part A, Exhibit 147, was being
considered by a certain group of business men, a number of those
present raised the question ag to why building activity doclined
80 materially while population continued to increase. Though
several possible reasons were advanced, the chief difficulty was
that the building permit series Was non-cumulative, whiléythe
population series was of o cumulative nature, Asa general rule
in such instances, either the annual building permit figures‘should
be compared with the annual increases in populationt.on the total
population figures should be compared with a simild¥net cumula-
tive series such as total buildings in existencg X"

The two series of Part 4, Exhibit 147, are*both shown on a
non-cumulative basis in Part B, That, {g)the annual building .
figures are compared with the annual ’ﬁcreases in population.
It j& obvious that the type of compérison illustrated in Part B
is ordinarily wivprdbtat i cg.ﬁ%é and eagier to interpret than
that of Part 4, R

Summary of Graphic Methods.—In the deseription of methods
as applied to the chartg insthe last three chapters, certain funda-
mental rules of practice I}mre been developed. These rules appl.Y_
to other kinds of ch rts;and a thorough knowledge of them on the
part of the readelzs%ll be assumed when other kinds of charts
are considered later on in thig book. For convenience, both in
review and in\j Yeference, these fundamental rules have been
summarized And presented graphically in Exhibit 1482

/"

*

I Tt is also often necessary to make other adjustmenis and corrections, such
a8 eliminating effects of price changes, when guch comparizons are made.
However, it is the object here only fo point out the importance of distin-
guishing between cumulative aud nen-cumulative series, '

# This summary of rules is adapted in part from the “Report of the Joint
Committee on Standards for Graphis Presentation,” Quarterly Publications _
of the American Statistical Association, Vol, 14, pp- 790-797, 1915.
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) FOF /
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12. The scales should be  say
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ottom of the graph as in Figs. =~ P
12a mnd 12h. IF desirable they = 390 ~ -
may be placed at the top and i v
on the right also, hut they 500 PR
should never be omitted on the E /
left and on the botiom, 00
: N FER AR AP AT AN AL A
/_' Fig. 1Zh
. \-\
13, A eaption desoribing the  gorvm 2\,
units used in the vertical scale T y .
should be placed at the top of gy e e =
the scale as in Fig. 13a. (An. P
gther method is to place the .y ™
designation along Lhe side but IN4lE
this is less preferable) When :‘_‘ L 7
desirable, the horizontal scale SIS/
should be designated as m Fig- NN
13b, {Ordingrily it is not mec- 12
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ExKIm'r 148 (Concluded) —Summary of rules for graphic presentatio

atatistics.
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CarcriNeg 11sT For CURVES

Have you placed your vertical seale (dependent variable) on the loft of
the graph, and dees it read from bottom to top? (If desirable to show the
“scele on the right, it may be placed thers in addition to the seale on the lefh,)
Have you placed your horizontal scale (independent variable) along the
bottom of the graph, and does it read from left to right? (If desirable fo
Place the scale at the top, it may he placed there in addition to vhe seale at
the Liottom.) : ~
Have you centered a caption over the vertical scale?
If necessary, have you placed a designation under the horizon t-a.l’s{:m{c?
If you have used two or more curves, have you designated thep,\atid can
they be distinguished elearly? g
Are your rurves heavy? . ' N
~ If youhave shaded or eolored bars or areas, have youdneluded designa-
tions o akey orlegend? Are the faces of any such barsfree from roordinate
or scale lines? : ) \¥%
If the vertical scale is arithmetic, is the zero line ™00 per cent basc line .
heavy? (The bottom line of a logarithmic chartshould not bo emphasized.)
Is your background of coordinate lines light®,
Ig your title your largest lettering? P v
Ir the title clewmmmﬂf_o}-gjn
Have you given the reference or souree (if desirable)?
Docs all lettering read horizdbbally? (When impossible to letter’
horizonially, lettering should reathfrom bottom to top—never from top to
* . bottom.) A" :
Are your letters formed a’{cordjng t0 a commmonly accepted style of plain
lettering? ) .
Did you cheek for %\fécy?
Have you ruled i\a border line? '
Have you given Your name (lower right) and the date (lower left) if
desirable? £\ . :
Are pencil linés erased?
Will wg\éha,rt be clear to the reader?
RN

T,
NS

e

N
%
\ )



CHAPTER VI
FREQUENCY CHARTS

It is the purpose in %@Wﬂh@ -
of showmg ‘frequency dustributions.. Both bars and curves\n
are used to represent frequency distributions '
gimilar to thoa{ of the time sories charts deseribed in the precedmg

chapters. A frequency distribution chart, as the termim lies
———— e T . 9

2°¢ 7
“,\‘

NATIONAL MANUFACTURING COMPANY
DISTRIBUTION OF MEN BY DAILY.WAGES
JUNE 20,1935 { ©
HUNMEE R

OF MEN www,d.lm‘auxlibrag‘\f.«r org.in

140

o\

120 Va X . S

/ AN _ -
[Te]v} ] I Y IV S S
N

80 // £ N S I
&0 l'x'"‘\ i \\ A R
#is INHH-
40 7 h N
ol PEANEE
. ’/ Si"""--u-..--._
L[0T 12 23 34 25 56 67 78 B9 900 M2 RI3BMAMIS-
O~ WAGES IN DOLLARS PER DAY ,
\ :3 ExHBrr 149.—A frequency sutve.

\n ~l3hart which shows the number of MIEMM
tasurements arranged in order. Thus, in Exhibit 149 the
vertical scale represents the number of times that each measure-
ment oceurs, and the horizontal scale represents the different
Measurements arranged in order. )
' C°.L1_t1_{l_1_lgus and Broken Series. —IW%
the form and treatment depend upon wﬂsﬁ’q—
tnudus or broken A continuous seties is one in Which m

WSS doour a8 all possible poin w :

139
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which the frequencies occur only at certain points whiech are
- detérmined b the nature of the unifs. Thus, woekly wages of _
_ mressed in units no smaller than 25 cents, would be
a broken series, while their ages would be a continuous scries as
- they might oceur at any possible point within the rango. .

In the field of business the hroken series is common. Prices
and wages usually are fixed in convenmient unis.  Sales and
purchases tend toward round numbers, and not fractions. @f\

" pieces or fractional weights. Often in this field, series that peally
arce of the eontinuous type are recorded as broken series, LThas,
age will be recorded to the nearest year, weight to the\pearcst
pound, values to the ncarest dollar, ete. A broken sérids may be
represented accurately by a bar chart or a brokew ourve, while 8
continuous serfes is most accuratoly represented by a smoothed

Bars, Broken Curves, and Smoothed,C\\u"ves in Frequency
Graphs.—When a broken series is plotted, the frequency of
oceurrence of each ass epresentpd by a point plotted directly
above the proper class designations, These points may be repre-
sonted by the tops of bars as_im Exhibit 150, or they may be
connected by straight lines, m:aklng a broken curve as shown in
Exhibit 151. In g brokeg~cui*ire, the lines conneeting the points '
have no use other than£6 aid the eye in comparing their respec-
tive heights. The ~e<a:ré no values represented on the lines
between the 'poi.nts,gbr there can be no oceurrences there.

While the braken curve (Exhibit 151) is ‘the most common
method of showing broken series, the bar chart (Exhibit 150)
is ordjnarilg‘éasier for untrained readers to understand. When
the significance of the broken eurve is likely to be misunderstood,

- & simple bar chart, in which the frequencies of the different
cls;ss;ps‘and their distribution are indicated simply by lengths of

(bars, is ordinarily the most satisfactory method of presentatioh.
When bar charts are used to show frequency distributions,
vertical bars, rather than horizontal, should be used, so that they
may be read inr the same direetion and Inanner 48 curves.

Although in business Practice, as a matier of convenience,
continuous series arc often plotted as broken curves, a smoothed
curve is more significant of the distribution of a continuous series -
than a broken eurve or a bar chart, The smoothed curve
(Exhibits 149, 153, and 154) should be used when it would be
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instrumental in giving & more accurate idea of the distribution.
than bars or a broken curve. It implies that the distribution is

THE PARIS STORE o
DISTRIBUTION OF SALES OF MEN'S
HUMBER SHOES BY SIZES-1i935
OF PAIRS
00,
400 O
& \“' .
300 - ) :
200 “’J\i ?
100 I —
n4 :&s ; 'l}i» g BY 7 7% 8 8k O 8%ub 0% 1l T 12 2% 13
’ A :dbga uTibrary .org.in
Exmisrr 150.—A f:;eqiqehey bar chart.
THE_PARIS STORE
DISTRIBUTION OF SALES OF MEN'S
Jvecr _SHDES BY SIZES-1935 _
500 O T
: A\ A _____d_____.__F:[_
400"_"—%' o’ / \».._ 4]
| ! s / Y PR SR U (N ISR AU TR
300 H:Q“ \____ B
. ;..\\ké\:;_;_q_ / \ I A A .
N L . :___F____
log—| [ ; y _*_\__ — 1]
I A -/ L . -
o L ' N
4 a% 5 B 6 6 7 75 6 B% © o5 o B Ik 2 12213
T mizes _ .

Exmmsrr 151.—A broken frequenoy curve. _

| - ontinuous, and that the larger the number of qbservati'ons the
fewer will b the number of irregularities. The djstributmn of a |
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smoothed series changes gradually; there is no abrupt change from
one class to another. The directions of the changes are indicated
by the gradusl turns in a smoothed curve, The variations from
one extreme measurment to the other are regular and gradual,
and the curve should be made free from sharp angles, the shape
being influenced at each point by the positions of the adjoining
- points (Exhibits 153 and 154). ' “

‘Scales for Frequency Graphs.—Equal distances or each doale
of a frequency graph should represent equal values, Bothstales
should be divided into units of round numbers so thapthey¥ may
be read easily. The positions of scales and thein,:gléézignations.
are illustrated in Exhibits 151 and 153. That ispthey should be
outside the coordinate lines—below and to.fhe left. If it is
desirable to have scales ahove the graph agdvon the right, they
may be placed there in addition to the scales underncath and on
the left, but in no case should the sca@s underneath and on the
left: be omitted, ' \$
 The vertical scalg of a; fraquenayigaph should begin with zero,

“but the use of zero on the horizental scale is not necessary unless -
the range of classes indludesthe interval which has zero as its
lower limit. N\ :

In these respects the ftequency curve is much like the arithmetic
time curves previougly*described. The vertical distances from
the zero base to ﬂ@ curve represent the number of oceurrences,
and, unless the whole seale ineluding zero is used, a wrong impres-
sion will be,given, as explained in Chapter IV.! The horizontal

_ Beale shmysgthe neasurements represented, and usually the inclu-
sion of (zero in this scale, when the lower lNmit of the range is -
re]aj;\i%éljr far from zero, adds nothing and may detract from the
value'of the graph. _

m: :}Class Intervals.—In general, the class intervals of a frequency
Jeraph should be equal. Otherwise the chart is likely to give a ~
wrong idea of the distribution, Exhibits 152 and 153 show the
same data grouped by unequal and equal classes. In Exhibit 152
the range is expressed with open ends, and the first definite class
intervals vary from $250, at the lower end of the range, to $1,000
at the upper end. In Exhibit 153 the intervals are uniformly

1 Bea pp. 62 to 64, inclﬁsive‘.
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$500. Comparison of the two curves indicates clearly the mis-
* leading effect of grouping by unequal class intervals. - .

" When cumulative curves are plotted, the general rule of equal
elass intervals does not prevent the use of smaller intervals for
parts of the runge over which the frequency varies rapidly, but
the scale must be spaced accordingly (Exhibit 163 on page 153).
Egual spaces should represent equal values as illustrated,

. )
BOSTON AUTOMOBILE SHOW O
DISTRIBUTION OF MAKES BY PRICES :‘1.';. '
MARCH 1922 - K7,
i 4
4 I/ , _{\:
12 ‘..‘;\‘
1 AN
ww%;ibl)iﬂlibrary org.in
8 _ R4 \ T
& % : \
4 y = \/
2 . ~§ - :
° @ \’\T : o a @ o o o
P AN 8 5888
5o 2 8 8 8 § § §.
228 § 8§ 8 88 ¢ 3
.\’ 7 FAICES
\M
) Exmmpp 1?Mrrect becanse of nunequal clasv_s intervals. (Compare with

&

a Exhibit 153.)

*Ql\iit\e often statistical publications use class intervals of unequal
' Magnitudes, and it is difficult, it not impossible, to present the
_..fl..?tta-_._in the form of a frequency graph. "There are, however,
- Octhsional exceptions to the rule that class infervals ghould be
- Bqual T sometimes happens in actual work that class interv'als
of uniform size are not practical. For instance, in a marketing
“"Vey, which made necessary the elassification of consumers by
JtOme groups, one elass interval was $1,750 to $2,000 and another
wag $4.000 to $5,000. The difficulty here is with the upit. A
dﬂllar Means more in the first group than in the second. One



144 GRAPHIC METHODS FOR BUSINESS STATISTICS

dollar probably means as much in the first group as four dollars
-means in the second group. In relation to the particular com-
modity under consideration, varistions in standards, customs,’
ete., in the second group were no greater than in the first and,
 therefore, the purchasing group in the $4,000 to $5,000 class was
as uniform as the one in the $1,750 to $2,000 class,

'\
£ ‘\
BOSTON AUTOMOBILE SHOW PR
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: MARCH 1922 N
NG, OF . »
WE | (0
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14 _ WA - .4
W\..:fs:,_ hrjauliyar Y QrE
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6i— - A
P A N N N N
2 N e N | i
g§$§$§§§§§§§§%§$
228¢g83% 8 822
N\, 9“—‘8§%33§8§8.’3:§.‘9
- PRICES -
P4,

E}“;{ﬁ}m 153.—Correction of Exhibit 152. Class intervals equal.
'];liE\\numbcr of class intervals to be shown on a frequency graph
dépends upon the charactor of the data, Usually it is best so
\ 16 choose the interval that the entirc number of elasses is between
‘fifteen and twenty-five.! A number of classes of less than, say,
ten leads in general to very appreciable inaceuracy; and a number
of over, say, thirty makes an unwieldy graph. This rule, of
course, is not inflexible. The classes should be wide enough to
make the distribution fairly smooth; that is, vacant classes should
not oceur, except at the extremes of the range, and yet the classes

'Yoig, G. U, “An Introduction to the Theory of Statistics,” p. 79,
Charles Griffin & Corapany, Lid., London, 1924,
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should not be so wide as to obscure the tendencies of the -

3 i:li_stribution. ' .

. A class interval should not be omitted from a series simply
-becanuse there are no cccurrences in that clags. All of theintervals .

- should be included, and the curve or bar brought down to zero

‘when there are no occurrences (see Exhibit 153).

" Designating Class Intervals.—The most common method of

- designating class intervals in the horizontal scale is by expressing =

4 '\ ) 3

DISTRIBUTION OF EMPLOYEES N PLANT & )
BY WEEKLY EARNINGS PAY y
s WEEK ENDING JANUARY 28, 1935 7
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—_— Zs) e —
EXHIBIT 1

i e Dot e ey s St
F?gl}ated by a more generally used method.) ] '
tli%\lg?r and upper limits of each class as illustrated in Exhibits
'inclug]? 153- The limits expressed in Exhibit 153 are, of .".‘3‘;31‘3’
bebos ive. " That is, for instance, the number of prices ﬂ_’_atl 5
Otee?;ﬁ 500 and 999, inclusive, will be plotted above this ¢ E’S:" R
' thery that} theoretically, the method illustrated i 'bettef' tsml}l
1500 ‘: od of expressing the classes as 500 to 1,09‘3: 1’00‘”'0 Lis oti L
: .g:ene 10 2;_000, t?tc., beeause in this latter plan'it is not unders ) 30
* fenerally in which group 1,500, for instance, would fall—the LYW/
oo 00 interval or the 1,500 to 2,000 interval. ~ Tn practics
. %, however, the latter method is often used_-:_because' it




146 GRAPHIC METHODS FOR BUSINESS STATISTICS

somewhat more simple and convenient, for instance, to say
1t0 2, 2 to 3, ete., than it is to say 1 to 1.99, 2 to 2.99, etc., and,
if the classes are well chosen, any theoretical error is not impor-
tant enough to interfere with the interpretation or application.
- Exhibit 149 on page 139 illustrates this method of expressing -
class limits.

Another method of designating class intervals is illustrated in -
Exhibit 154. Here any two adjoining figures designate the linite

_of a class, and the frequency point is plotted above the cetiter of
the elass so designated. This method, however, may mot be so
clear to the average reader as the method illustrated\in“Exhibits
149 and 153. g a\

- Oceasionally, in plotting business data, the rafgéof variation is
so small that there will be no class intervalsand the unit will |
serve instead. Or, if there is a unit width ef elass, it is sometimes
designated by a single figure as, for instance, $4, which would
include all items from $3.50 to- $4,.49*, inclusive, or 10 jyears,
which would include all ages from 9'5%0 10.49 years, inclusive, 25

-+ illustrated in PYRIBRSTE ant 388 6n page 155.

Smoothing a Frequency Cutve.—When a curve is smoothed,
eare should be taken to keep'the area under the curve the same
as if & column diagram Exhibit 1554) or a broken curve or
frequency polygon ,(E}h.ihit 165B) were constructed. In the
diagram of Exhibit\I554, the total ares represents the total
number of obspr:\zations, or a certain area represents a certain
number of pbéérvations. For instance, if two spaces on the
horizontal-godle represent $10, and two spaces on the vertical
represe{lt?l()o occurrences, 100 X 10 = 1,000, or the number of
obsergations represented by an area of four spaces. The total
arefunder the curve in Exhibit 1558 ig the same s that in.

o~Ezhibit 1854, This fact is fllustrated by Exhibit 155C, which
shows that the areas cut off of a column when a broken curve is
drawn are the same as the areas added by the curve to the
adjoining columns. While the total area is correct in both
A an_d B of Exhibit 155, the area over any one class is not correct
for & continuous series in the frequency polygon of Exhibit 1555.
For instance, the middle class has lost without gaining anything

(Exhibit 155C). This must be considered when the curve is

smoothed, and usually the best method is to draw the curve so
that the areas gained and lost by each column will be equal
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(Exhibit 156). Thus, the top of the curve will slightly overtop the
highest plotted point. A little thought at this point will indicate
that it is reasonable to expect such a distribution within this
particular class interval. In actual praetice, the column diagram

anllimn
O\
e o — "\ ’
A . ."Qj\.\‘.
FARY {
/ L f‘ i‘:"j-ﬂbr = orE.in
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EXHIBIT 165~ The relation between a column diagram and a broken eurve.

is not usually made as a basis for drawing the smoothed curve, bub

the curve is sketehed directly from the plotted points, allowances

Peing made by keeping in mind the area distribution as above

described, ¥f the series begins and ends with an infinitely small



148 GRAPHIC METHODS FOR BUSINESS STATISTICS

number of oceurrences, the curve should begin and end on the
zero line as illustrated in Exhibit 156.

Examrr 156.—The relation between 2 column c].iaén}m and a smoothed curve.
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ExsrpiT 157 —Showing points when eurve js freely smoothed.
Tt must be remembered that business &hta are full of irregular-
ities, and that smoothing must not obseyre any except minor
irregularities which are not thought actually to exist.! If an

! While the “"hell-shaped curve” is known as the normal frequency curve
(4}, business data more eoramonly describe some other form or combi-
nation of forms. The fundamental simple types of distributions may be
eongidered as four in number,—namely, the symmetrical (A), the moder-
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strmmtr'rmv\ oF EMFLOYEES IN PLANT ﬁ BY WEEKLY EaArnNINGs
Week ending January 26, 1935
Cumulative frequencies

Number of employees
Weekly i
earnings in Simpl A Cumulative frequency
dollars mple S—

: frequency " "Less than* | More than*
10.00-11.99 3 3 R
12.00-13.99 6 9 506 o\
14.00-15.99 10 ' 19 -500 (NN
16.00-17.99 15 | 34 ' 4%. )
18.00-19.99 24 58 \\475
20.00-21.99 42 100 “ e NCY 451
22 00-23.99 75 175 - 409
24.00-25.99 90 265 334
26.00-27 .99 79 brar [ 244
28.00-29 99 o wwd@%@ﬂaral 3 ,org,m 165
30.00-31.99 36 LN 435 10
32.00-33.99 26 R ! 4
34.00-35.99 TIPS M a8
36.00-37 99 13 \ 493 29
38.00-39.99 'S 502 .18
40.00-41 .99 & 509 _ 7

*In this table, ‘‘Less tlmn” ‘applies to and includes the upper limit of the class, while
“More thax” applies tu‘ahd ineludes the lower limit.
Exmmrr 158, —Simple frequency data curnulated on both “legs than' and “more
than™ bﬂscﬁv( oo Exhibits 159, 160 and 161, for charts of these data.}

: ately &ijlnnhe}ncal (B), the J-shaped (C), and the rarely occurring U-shaped .

AN N e
A B
]
\ .
\J ]
= D

ig) (8ee Q. T. Yule, “Introduction to the Theory of Statistics,” p[i;' 87-
5, Chiarles Grifin & Company, Ltd London, 1924.) ' '
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irregularity is such that it would not be eliminated by further
sampling, it should not be smoothed out. If smoothing is freely
indulged in, it is well to indicate the points from which the eurve

i3 made (Exhibit 157). Absolute rules, however, cannot be laid
down for smoothing frequency curves, for each problem must be
congidered according to the representative character of the data,
and the curve should be plotted which will best suit the purpase.
for which the graph is made.

"N\
DISTRIBUTION OF EMPLOYEES IN PLANI}S\‘
BY WEEKLY EARNINGS . <
_EM'gEbSEF-Es WEEK ENDING JANUARY 25, IQE(S
o o
SO——1 g . ,
80 ﬁ . '\\
______ <
o] RS
60 F— 1wt dhraylibr Cly OE. 0] \\
) '~’¢ " v \
50 1
ap ’/ N \
A N
30 ?( N
20 Ks)‘ ™
Ogl—/;; \;“ o o .m o @ o 2 a § & @ mJﬂ
cpavd £ 3 BB 2 E 28388 E S
a2 § R R EIED L
: \ } : EARNINGS IN DOLLARS PER WEEK
R —
Exsmrr 159.—Frequency curve of the simple frequency data shown in Exhibit
o N\ ¢ 158. (Compare with Exhibits 160 and 161.)

. Cumulative Frequency Curves.—So far, only simple frequency
eurves have becn considered, such as in Exhibit 159, which is
Plotted from the first column of the table in Fxhibit 158. Another
form which is widely used in bresenting frequency distributions of -
business data is the cumulative frequency curve.! Frequency
series are made eumulative when successive frequencies are added

t8ee W. C. Brinton, “Graphie Methods for Presenting Facts,” pp. 140~

199, MeGraw-Hill Book Company, Ine., New York, 1014, for further
examples of the use of thig curve. :
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DISTRIBUTION OF EMPLOYEES IN PLANT 6
 BY WEEKLY EARNINGS :
MO OF WEEK ENDING JAMUARY 26, 1935
EMPLOYEES - .
600, . M
500 —
foaem] wl
400
. / ) ) N
300 , v _ - O
2001 // i i — ’\.\
1o0f~—] : ‘
B 4 6 18 20 22 24 26 28 30 32 3438 38 40 42
EARMIMNGS IN DOLLARS PER. WEEK
~

Exoerr 160.—A “loss than” ewmulative froquepey curve. (See fable in
Exhibit 1683 A\ :
www.dbyatilibrary.org.in
) :
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DISTRIBUTION QF\EMPLOYEES IN PLANT 6
BY(WEEKLY EARNINGS.
i WEEK \ENDING JANUARY 26, 1935
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e T2 4518 Y30 22 24 26 28 30 32 34 36 38 4
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—— .
Exupir 161.—A *“more than” cumnulative frequency - eurve.
Exhibit 158.) ’

(See famble in
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/"

"N\ o
b,

. together 50 that each class includes all the lower or upper classes,

depending upon from which end of the range the cumulating
process is begun (see the last two columns of the table in
Exhibit 158). . _
The cumulating process may begin at either end of the range.
If it proceeds from the Iesser to the greater, the corresponding
frequencics are read “less than,” as in Exhibit 160, and, if% '
proceeds from the greater to the lesser, the frequencies arc réa

Ny
"N\

'SIZES OF COAL MINES IN WEST VIRGINIA
BASED UPON PRODUCTION FOR 1617 ¢

DATA PROM WEST VIROMIA DEFARTMENT OF MWED &
BUNLAL RERORT 1T QS

s

0 9999

§:
g e
8

Ll N

A\
Exmyfz-isz.-—a combination 'less than” and “more than” cumulative fre-
NN © duency curve.

4 ~\" '3
mmore than,” as in Exhibit 161, In a table like the one in
Exhibit 158, when cumulations are read ““losg than ** they refer to
the upper limits of the classes, and when, they are read “more

than” they refer to the lower lmits, It should be noted also
that the lmits are included when ‘they are expressed as in
Exhibits 161, 162, and 163, _

Note also- that a curve of the “less than” form extends from.
the lower left to the upper right, and _ﬁhat a “more than” curve
extends from the upper left to the lowar right, as illustrated in
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Exhibits 160 and 161. In either case, as the curve approsches
the vertical, rclatively higher frequencies are represented.

A graph may be made to read both ways by including two
sets of scales on the diagram, as illustrated in Exhibit 162, in
which one of the vertical scales is read from the bottom up, and
the other is read from the top down. '
~ Both continuous and broken series may be plotted cumula-
-tively, but the fundamental differences, which were diseussed

DISTRIBUTION OF MEN WAGE EARNERS .1
IN THE UNITED STATES-1905 A
PER CENT ] & .
100 sy 7,
80 < \——
a0 |
70 \\ . . \\ 2
L] N € &
N ) |-
i \\ ALK bljalllibl‘ Ty O g i
40 N
% ’ .
19 L a ] :
o AN 2 I
wdBEIANC 1 2 3 4 BeT B @10 12 T 20 28
L \MEEKLY EARNINGS "IN DOLLARS

Exumrr 153-——A~mei:nﬁlative frequency ourve with unequal class intervals.

in connection Avith the simple frequency curves, must be kept in
mind. Tl\i% "discussion on the use of smoothed and broken
ouryes f~‘?1'\55’10W1'ng simple frequency distributions applies equally
well teicumnlative frequencies. : .
- "Exhibit 163 shows a cumulative curve plotted from data which
Wefe not given in classes of equal widths, because over part of
iﬁhe Tange the frequencies varied so rapidly. Though not all
Wtervals are of the same size, the eurve i8 50 plotted that equal
SDaces represent, equal values and, therefore, the eurve is not
dlStOI'ted or IILlS]ead_mg L. . |
omparisons of Frequency Distributions.—When two or more
fl'equency distributions are to be compared, they are usually .
Blofted on the same chart, and it is best to use either a broken or



‘154 GRAPHIC METHODS FOR BUSIN ES8 STATISTICS

a smoothed curve, aceording to the nature of the series, rather
than a column diagram or bar chart.

A comparison of two distributions is illustrated in Exhibit 165,
which shows the curves plotted aecording to the actual numbers

DTRIEUTION 0F MarLE KMPLOTEES ¥ Prants 2 aND 3 nY AgEs
Week ending June 8, 1935

Age to Plant 2 i Plant 3 N
nearest - —_— %
Yyear Number | Per cent Number ) .\P?a'i& cent
15 17 0.1 0 NN 0
18 120 1.0 07 0
17 426 3.4 NG 0
18 763 6.2 0 0
19 1,020 8.3 O 0 0
20 T 1,380 .2 AH" 7 2
21 1,500 12,2} 83 2.1
22 1,410 o 11NN 167 4.3
23 ww dbi3library o8 dn 278 7.3
24 980 ONTU9 302 7.9
25 B0 | 3% 7.0 421 11.0
26 719 %N 5.8 562 4.7
27 600, | 4.9 607 15.9
28 516" 4.2 411 0.7
29 , 330 3.1 301 7.9
30 X281 1.9 243 6.3
31 AN 106 .9 199 5.2
32 o Ou 72 6 149 3.9
33 A 61 ‘5 70 1.8
3 26 .2 2% 7
w\Tota 12,326 100.0 3,828 100.0

PWNEXHRIT 164.—Percentape distributions of frequency series. (Jes Exhibits 165
\/ and 166.)

of occurrences. Tt will be noticed that the differences in the alti-
tudes of the curves interfere with the eomparisons of the distri-
butions. Often it is advisable to place the large and the small
groups on. a more comparable basis by reducing the frequencies to
percentages, as in the table of Exhibit 164, and to plot as shown
in Exhibit 166, in which the total number of employees in each
plmit is taken as 100 per cent, .and the percentage for each class
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DISTRIBUTION OF MALE EMPLOYEES
IN PLANTS 2 AND .3 BY AGES

MG WEEK ENDING JUNE 8, 1935
EMPLOYEES
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Exmimrr 165.—Comparison of frequency distributions. (See Exhibit 166.)
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DISTRIBUTION"OF MALE EMPLOYEES
IN PLANTS 2 AND 3 BY AGES
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Examiny 166.—Comparison of frequency curves on & percentage bagis. (Com-

pare with Exhibit 165:)
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Teprosents the proportion that the corresponding number is of
the total, Co
In analyzing the curves in Exhibit 165, it would be easy to
assume that the proportion of employees of twenty-one years of
age in Plant 2 is greater than the proportion that is twenty-
seven years of age in Plant 3, That the opposite is true, however, .

0\. R
DISTRIBUTION OF HOURS PER WEEK IN THE, \
BOOT AND SHOE MANUFACTURING .INDUST.R.X \
' JULY 1933 AND SEPTEMBER 1934 .\
ss' 100,—‘— - ‘|"\ - f,f?—_-q.
HE, [ .“’,\ e
gE / ’::\\,’ ’f'
§8e0 S
g2 SEPT. I5 (934 /‘ "\ ;
o  § ¥
8 w0 BETR m..liht-m‘ﬂ'ﬁﬁ,"p‘g 40 d
s < JULY 19337
Og K *R g
"z_z 20— - N 'r'
Hg 0./ N :‘ "Jf
i a 4 R —-“‘:""---"‘ X i J
5 20 25,8\ 30 a5 a9 45 50 58 oo
#\,) HOURS PER WEEK
o S R e |
;

Exmmir 167 —~Comparison of bercentage eumulative frequency curves.

is shown ,(Em\ctly and sccurately by the percentage curves in
Exhibit, 166. }
W}l{n"cumulati-ve curves are. being eompared, better results
can be obtained in many instances if the frequencies are reduced
. bo\Percentages, since proportional size changes of the frequencies
\ and the regularity of the distribution can be appreciated more
readily. The change in the proportions of employees working
designated lengths of weeks in the boot and shoe manufacturing
industry from July 1933 to September 1934 is clearly shown
by the bercentage cumulative frequency eurves presented in
Exhibit 167. The dotg on the chart show the actual frequencies
and the curves are smoothed to show tendencies, '



CHAPTER VII

CORRELATION CHARTS

Graphic mcthods are a great aid to business men in their

constant study of such relationships as the degree to whidh)

_ advertising can be depended upon to increase sales, the effect
of population changes upon the markets for their prodqefﬁ, the
relation between the average balance maintained bypa*bank’s
depositors and its profits, the relation of the price of ootton to the
size of the crop, the variation in the productiondf\workers with
the length of their experience, or the rel@tithifbet\veen wage -
rates and output, which are, of course, grQbIems in correlation
analysis. ‘The analysis of—busi?wss.dlbl'@bl%m%r%%?g?ﬂntmuous
Process of correlation, and the succeﬁsful‘busipess execuiive is an
expert at practieal correlation a.ns;ly'si's’. To describe the practical
graphic methods of expressing.sueh correlations as the foregoing

~ 18 the object of this chapters ) . .

Historical Curves and/Seatter Diagrams in Correlation.—In
view of the dominant Hosition ocoupied by time series in business
Si‘jatcistics, it is nceessary at the outset to understand clearly the
difference betwogd/$he two commonly used graphic methods of -
Presenting timg.Reries correlation. The data of Part A of
Exhibit 15%ésh0\‘!mg the number of rainy days and the number
of umbrelta’sales for each of 12 months, will be used to illustrate
the twosmethods. ' : _

Qfle\ graphic method of showing the correlation between the
Miny day and umbrella series tabulated in Part 4 of TExhibit 168
is {0 plot the data as two historical curves as in Part B. The
P‘OYements of the two curves correspond very closely {which
Indicates a high degree of correlation) until December, when
there is 4 wide divergence because of Christmas sales. This
metlfod of presenting time series is the same as that described
- Previously in this book (Chapters IV and V).

o The other graphic method of showing correlation, known as the
. Scatter diagram,” may be used to show the correlation between:
" 157 ' -
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rainy days and umbrella sales as in Part € of Exhibit 168. In

. this diagram the number of rainy days is plotted on the horizontal
scale (z-axis), and the number of umbrellas sold is plotted on the

s
& Y

vertical scale (y-axis). That is, to plot the data for January
(14 rainy days and 147 umbrellas), one would find 14 on the
rainy-day scale and plot this value opposite 147 on the umbrella
scale (see Part €, Exhibit 168, in which the dot representing.this |

) N
- ¢ N\
AN
NUMBER COF RAINY DAYS AND UMBRELLAS SOLD\
- RANY UvBRECLAs N e
MONTH D&S SHD MOMTH bavs VERSRS
JANLEARY 4 i47 JULY 3 3 ad
FEBRUARY 8 108 AUGUST S 4l
MARCH 8 203 SEPTEMBER B Y &
APAN 10 120 GLTOBER RS 98
MAY 2z 175 NOVEMBER 13 1a
JUNE 9 70 DECEMBER 13 289
PART A-TABLE OF DATQ \
K2
NOL.OF  NO.OF HoceE S
%g? m%:%nla.éas ONRECEAS
N 200 SR
i . ]
20 zop | wWwiv.dbp lli b?‘a 'y? 1 ut 250 -
i’ [~ TRAINY DAYS M
HAY S 200 . s
\ ff 20 -
\ ’ / ‘,. 9% T / .
19 oo Y S el ;
— Syl - 50 —
& 80— tt—b - ) -
[ UMBRELLAS u .
6 60 e A 150 |— <
5 50 & o s
a 40 . 4 | = ¢ ‘
3 a0 N ! -
1273 4 5 86 7 35 10 112 i 5 10 15 2o 25
A\ MONTHE WELOF RAINY DaYs
P%B("B.—HISTOR[CAI_ CURVES PART CrSCATTER DIAGRAM
’QQ‘

]ibmr\al%\l‘ﬁ&—'l‘wo graphie methods of comparing saries in correlation analyais,

particular point is designated by an arrow). When the corre-
sponding values of two series are paired in this manner, the

/relation between the two is indicated. The reader of Part C of

Exhibit 168 will recognize rainy days as the independent causal
factor,  and the effect is shown in the dependent fuctuations of
umbrella sales. This chart clearly indicates that, as the numberof
rainy days per month inereases, the sales of umbrellas tend to

" increase. The trend line through the points helps to indicate this -

tendency. One marked.exception to this tendency appears on the
chart, however, in that one dot (near the top of the graph) is far

- out of line because of Chrigtmas sales, a3 mentioned previously.



" In hoth charts the variables are paired directly, and the relation-
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Primary and Secondary Correlation.—The seatter diagram
and historical curve methods of presenting correlation are some-
times designated as primary snd secondary correlation methods,
respectively. i :

The method illustrated in Part € of Exhibit 168 and in
Exhibit 169 is prémary correlation. The chart in Exhibit 169
s similar to thet in Part € of Exhibit 168, except thai the relation-
ships are expressed directly by a curve and no dois are shown, ¢

2\ AN
. AN\
cOST PER WIDTH OF SEAM ".:’.‘ )
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1 h I—
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7
[+] 5\ e i} 15 20
\ THICKNESS IN FEET
A\ .

]

\ ’\“Einmrr 169.—Primary correlation. .
ship is determinied irrespective of any velationship which may
exist bet’@?ﬂi’ each and & common third factor. For instance,
in Exhibit*169 the thicknesses of the different seams of coal are
H?eaﬁl’l,réd on the horizontal scale, while the costs of mining these
different thicknesses are measured on the vertical scale, and the

elation of the costs of mining to thicknesses of seams is shown by
the resulting curve. Since the thickness of the seam is the
standard by which we consider costs, it is the “independent
variable” and is measured by the horizontal stale. Depending
Upon the thickness of the seams, the cost of mining will vary and
this, the *“dependent variable,” is measured by the vertical

" seale !

—_—

' By convention, the “independent varjable” is plotted on the horimetaI
seale and the “dependent variable” iz plotted on the vertical scale in all
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Usually & correlation chart of this type is made us a curve, but,
occasionally it is made as a vertical bar chart when the series is
not continuoys. -

The secondary correlation method of determining the associa-
tion or relationship between two variables is illustrated in Part B .

. .\
INDUSTRIAL EMPLOYMENT AND PAYROLLS
. 1919 -1934 2N
- INDEX NUMBERS (1923-19252100) ADJUSTED FOR SEASONAL VARIATION |
FER Ny
130 ] "i.' T
120 Employment f[ f“ > ]J |' }_’
i
ne S L £ ! | ( [
100 12 E et I"/_:: L\ \. J I
0 : I
.': Y
8o o IN o _ia,
Y “ :\
7 .
T B \[if

- Nl - ‘
obadedbileadolutabudp L Ly d b LT T L

|?J\m20 1820 1922 1923 1524 )9z ops 19T 1926 1929 1930 1931 1932 1933 1534

4 \'5 ) . .

_ Exlm;}r 170.—Becondary correlation between two timo series. (Adapled from
R United States Bureau of Labor Statistics.) )

4 \’. 3
ot Exhibit 168 and in Exhibit 170, By this method the relation-
ship is determined by first relating each variable to a common
third variable (time, in the two cases illustrated). Thus, in
primary correlation .the direct causal relationship between the
—_— . — . -
statistical charts. The borizental scale defines the questions and the vertieal

Shojvs the answer. Ono determines the independent variable when he
decides upon the terms of his problem. The readers of charts like Exhibit
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variables is indicated, while in secondary correlation the relation-
ship between the two variables ig determined through the rela-
tionship of each variable to a common third causal factor.
@are must be taken, however, when studying correlation by the
secondary method. While there may be a close correspondence
between the fwo curves, there may be no causal relation what-
ever, and hence no correlation. Although curves drawn in this
way may appear to correspond closely except for occasional

N\
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Exﬂ:‘;“@.l\i'l-—Secondary correlation of a group of time series.
i \ y . § . -
dlﬁeanQth these few differences may mearn a great variation

n th‘?fdﬁgree of correlation.!
< Mk degree of correlation may be determined mathematically by means
ofhe coeflicient, of correlation. “The student should be warned, however,
“gainst spurious correlation. No mathematical caleulation is complete
without an estimate of the probable error in the coefficient of correlation.
On the whole, earefully handled and jnterpreted graphics have some advan-
tage? over mathematical correlation. The elemgnts of judgment z_and
special knowledge of econditions” can be introduced in reading graphical
correlation. Mathematical correlation, on. the other hand, is often m‘uch
t00 rigid for the data st hand. For further information on the co?tﬁcaelflt
- °f correlation, see any standard text on statistics such as those listed in
¢ footnote on page 133, :
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When a graphic correlation study is to be made of a group .
of time series, the secondary method is generally uscd in practical
business problems. Exhibit 171 shows the relation of seven
- different curves to each other. Another presentation of parf
of this same problem (in broken eurves) is shown in Exhibit 102.
on page 87. The primary method mighi be used in charting
a problem like that of Exhibit 171 by making, say, the average
the independent variable (horizontal scale) and then plottings

N\
2{\, N

VALUE LOST BY EVAPORATION OF, O
GASOLINE CONTENT OF CRUDE @Il

FROM 1600 BARREL UNPROTECTED STEEL TANKS, N
MIDCONTINENT FIELDHGASOLINE FIGURED AT<\22, CENTS!

DOLLARS
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% sL\ J /

250 — T‘_
200 e

v w dbradlibraty o, g,rrf
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150 7 o : I
100 I_'—‘”“% = i —

50 %N\ |
e}
[« NG - i L+] 15 20 25 30 as 40
N\ TIME STORED-DAYS
DaTA fljﬂ:ﬁ}dl‘m& PETROLEUM NEWS, APRIL 20, 1821 . _-J
.¥~ " Exmrerr 172.—A time series but not historical.
&

eachiseries against this average, but ordinarily the secondary
'm‘r’.n,éthod (Exhibits 102 and 171) is the most easily understood
by business men when more than two series are involved.
Historical Time Series and Frequency Series Distinguished
from Other Correlative Series.—In a general sense any grapb
- with horizontal and vertical seales, in which the corresponding
values of two variables are represented by a single point, is &
correlation curve. However, since in business statistics historical
graphs covering periods of definite dates are used probably
more than all other kinds combined, they have been treated
separately in Chapters IVand V. It should be remembered that
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s historical graph is a graph of dafes. Not only is a period of time
exprossed along the horizontal axis, but this period represents
“definife dates, such as certain months or years. In the corre-
lation chart shown in Exhibit 172, a period of time is represented
by the horizontal scale, and in Exbibit 180 (right-hand part),
page 170, time is represented by the vertical scale, but these are
not historical graphs, since the time periods are not represented
by definite dates. Only the lengths of the periods are important
in these eharls, and dates would not be significant.

Another important kind of graph, the frequency graph, has,

been considered separately in the preceding chapter (Chapter‘VI). S

The frequency graph shows for each ciass the number ’Qf&dﬂcur-
rences. The corrclation curve shows the effect of the; ]?ldepénd-'
ent variable upon the dependent variable or,..,ﬁ:gf instance,
the effect of tho width of seams upon the cost of mining coal
(Exhibit 169). - N
Correlation Chart Scales.—In laying og.t{a correlation chart,
the horizonial and vertical scales shesidhhe.a2,chogen that the
space required for the range of the data will be approximately
equal for both series. If this is not'done, therc may be difficulty -
in determining even the approximate degree of correlation.
In Exhibit 173, Part A ﬂlustrafes' how the scales should be chosen,
while Part B illustrates héw they should not be chosen. -
The “line of best ft\’{‘tﬁmugh the dots in Part A, Exhibit 173,
approximates an agle'of 45 degrees and the dots are in 8 Narrow
band along thig lingd Tn Part B the dots arein a gtill narrower
]oand, which, of t\zourse, does not indicate higher correlation but
it simply thétesult of the lesser slope, caused by the horizontal
 seale bei@ too great in proportion to the vertical scale.
Ong of the simplest methods of laying cut the scales, so that
t.'}.lf'l’ Hiie of best fit (if there is one) will approximate 2 45-degree
'&_nﬂé, is to have the ratio between the scales inversely proper-
' #0nal to the ratio of the ranges of the data. That is, if the
tange of the z data is 220 million bushels and the range of the
y data is 20 miltion acres, then the scale forx would be to the scale

h-_‘_‘_‘_-—-

1 “Lines of best fit” may he mathematically computed by the method of
1ea§1; squares. In Exhibit 173, however, the lines wer¢ drawn in freehand.
This method of “fitting the line by inspection” is gufficiently accura‘te for
108t Practical business problems, and it facilitates a judicious weighting of
the observations. S .
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for y in the ratio of 220:20,0r 11:1. A convenient approximation
is usually satisfactory, which in the preceding case might be 10:1,
$0 that the same linear distance would represent. 10 hushels for
- @ as would represent 1 acre for g, '
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A.—Correct. B, —Ingarrect.

Exmmrr 173.—Relations of vertical to horizontal sealeA\on correlation charts.
A\
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Exmrerr 174.— When, shovﬁng a continuoug series.. the curve should be smoothed.

Smoothed and Broken Curves.—If the nature of the data is
such that changes in the curve are gradual, with possible values
at all points on the curve, the smoothed curve should be used
(Exhibit 174). Thus, on this eurve there is a stopping distance
for every possible speed rate up to 50 miles per hour; and as the
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speed rate gradually increases, the stopping distance gradually i

becomes longer. _
If, on the other hand, there cannot be values for every point,
thebroken eurve should be used (Exhibit 175). Insuch instances

the plotted points represent values, but all that the connecting -

lines do is to point the direction from one value to another, thus -

helping the reader to gain a general impression of the distribution.

There cannot be values between points in Exhibit 175, since
" motor trucks, according to the sample, are made only in the sizes

designated. If a bar chart is ever used in correlation charting,

' 4 .“ 3

"N\
Ny

N}
X

DISTRIBUTION OF COST PER 3IZE OF R
MOTOR TRUCKS <2

- &
{15 QUOTATIONS - FEBRUARY 1822} \J
BRICE ’ ) :
36000 — |
]
5000 —
W rg.in
4000 . A =
3000 [— - 2 —1
2000 :JL/ N s
B /ﬂ .
H "
1000 s 4"\ | | 1
ol 44N
o 1 N3 3 ¥
N\ \ TOMS CAPACITY

DATA FROM MOTOR WORLD, FEBRUARY 8, 1822

T 175'_“”3{“. blotting = broken series, the points _a-houl
* with straight lines.

d be connected _

It Shou{d.ﬁié\ﬁsed tor the kind of distribution shown in Exhibit 175
ratherdlian for the kind shown in Exhibit 174. -

Position of the Curve.—In fitting a curve to a large number of -

Stattered points (Exhibits 175 and 176), care must be taken t0
have each portion of the curve as nearly as possible at the center.

of gravity of the dots in any vertical section of the chart. A . .

CWrve may not be correctly located by kaving the same number of

dots on each side, for their distances from the curve must be *

* considered, Ag a simple Tule to be kept in mind Whel'l fitting a
furve, one may consider the dots in any vertigal section of the

-~ #raph as weights arranged on & horizontal lever, with the curve s ..

Q"
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the fulerum, and then shift the curve so that the lever will
balance (Exhibits 175 and 176),

Indicating Degree and Type of Correlation Graphically.—The
degree and type of correlation may be indicated for time series

by both the historical curve and scatter diagram methods.

With reference to Exhibit; 177, the historical curve charts show a
high degree of direct correlation in Part 4, a high degree of
inverse correlation in Part B, and very low or no correlation

AN

'\
RELATION BETWEEN PRICE AND SUPPLY \QF
APPLES IN THE UNITED STATESS

PRICE

GLLARS FER A
o BUSHEL} ~\
200 I_ 7
2,50 - \} -
'\ &
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] o N\
wrw.dbraiNrar{or &in
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! Ml e &=
™ X‘:g Jom
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N\ . e 1®
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o O . _
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\: 19T 7 6-19z0 9-Iz3 t2-1926 15-1929 18-1932
L\ M
O\
—-—————_'_'_‘

P,

N\

7 &

Exwuiprr 176 —TFitting a curve to seutterod pointe.

£\
in"Part ¢, The scatter diagrams in Exhibit 178 show a high
degree of direct correlation in Part 4 (narrow band of dots
running from the lower left to the upper right), a high degree of
inverse correlation in Part B (narrow band of dots running from
the upper left to the lowesr right), and very low or no correlation
in Part ¢ (dots widely scattered),

As indicated previously, in making correlation analyses of
historical eurves, great care should be taken that any instances
of close correspondence, that do not represent actual correlation,
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be recognized. Spuricus correlation is often found between two
time series, and frequently it can be made very high by intro-

RELATION BETWEEN HELATION OF PRICE RELATION OF YIELD'
ACREAGE AND FPRODUCTION OF WHEAT TO SIZE OF WHEAT PER ACRE
OF WHEAT OF CROP TG POPULATION
{DATA HYPOTHETICAL} {DATA HYPOTHETICAL) {DATA BYPOTHETICAL}
INDE X, INDEX INDEX
HUMBERS NUMBERS ) NUMBERS
100 —’——--‘ 190 — |} 'o0
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75 ."I"A'."“ “"\jl l\\ 75 . 5‘ 75
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50 P,.*"'r /«;N\J\' 50 e /] ,-..'%? 50
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25 : DMt 5 & 5
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0 - a o IELD
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Exmmir 177.—Tlistoriesl curves indicating type afid degree of correlation,
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HIBIT 178, — Seatter diagrams indicating type snd degree of corr

lation.
clation.

- ducing the eloment of time lag, particularly when the series

are ghort, !

A

clldsee M. ‘C. Rorty, “Statistics and the Seientific
e ress, Ninety-accond Annual Meeting, Americah B
cember 31, 1030, published in the Journal of the 4

A . -
oeiation, pp. 1-10, Mareh, 1031,

Method,” Presidential
tistical Association,
merican Statisticol
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The scatter diagram, when used as a means of estimating the -
degree of correlation, possesses the very desirable advantage
that it is no more influenced by items of extreme size than by
items of usual or average size. Some of the mathematical
methods, however, are decidedly influenced by extrcme items.

. In faet, an item of extreme variation may have such influence as
to give a mathematical expression of low correlation when there:
really is high correlation, or of high correlation when there reaily
18 low correlation. : . D

Estimating from a Correlation Curve.—If a primary caryelation
curve or line of best fit truly represents a high degreelof correla-
tion between two series, it is. possible to estimgte, ‘any . value
in one of the series from the eorresponding kndws value in the
other. Suppose, for example, that we wislrts know what $1
would amount to in 30 years at 6 per cent’eompound interest.
Referring -to the upper curve in Exhihi$ 81 (cither Part A or
Part B), we note that at 30 years_(hiorizontal seale) the curve
has a value of approximately $6 on'the vertical scale. In this
assumption, “{Hg’ H%ﬁ%’}f‘ﬁgﬁe"{é%:gh' years, and upon it we base
our question. Conversely, W Might wish to know how many
years it would take for 313'0130 incresse to $6. We could then
find 6 on the vertical scalé (Exhibit 181) and under this value

on the eurve read the(vorresponding number of years (approxi-
mately 30). When ‘ehurts are made especially for such purposes,
however, they a;%esigned so that what is ordinarily the inde-
pendent variable’is laid out as the horizontal scale (see footnote
on page 158)Y This method of estimating (as described in
connectioftywith Exhibit 181) may be applied similarly to the
othex: riinary correlation charts presented in this chapter.

Comparison of Correlation Curves.—Fxhibits 179 and 180 are
gxamples of the comparison of correlations, Exhibit 179 shows

"\ the differences in the costs of the gas and electric are methods for
“cutting steel for any thickness within the extremes of the chart.
Exhibit 180 compares the differences in costs and time used, in
relation to distance, in transportation by railroads and motor -
trucks,

When comparisons such as Exhibits 179 and 180 are made, the
units of the scales must be common to all of the series that are
plotted. For instance, in Exhibit 179 if thicknesses for the
gas method are measured in inches, then thicknesses for the elee-
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- tric are method must be measured in inches; and if the cost
of gag is measured in cents per foot of steel, then the cost of
electricity must be mecasured in the same way. o _

It will be noted that the points are widely scattered in the
“Railroad” curve of the right-liand part of Exhibit 180, and
* hence the degree of corrclation is very low. When curves are

RELATIVE COSTS OF CUTTING STEEL '
WITH GAS AND THE ELECTRIC ARC _ Ko\

COST FER FT. '\
CENTS \
! .
T T T T : P
ACETYLEME a»;s.lgi ;zgu cg:rr‘l" . N - . 8 3
120 OXYGEN GAS, 24 L FT. ¥
POWER, |¢ PER KWH FROM 75 VOLT LINE g . +*7D
LaBOR, BOTH CASES, 30¢ PER HOUR X } N \\
1G - + W~
/
IRV
100 v 7T
: A
90 y vk
¥ L ~
g " IJ{ }
Ao ORL T i yprg.ih

70
GAS
[=le]

JELECTRIC ARC
50 72 3 .
an A Z -
N%
74

LK
30 /
LA
20 e

10—

o i
Oo\'l.23456?59I01Il2
* £ THICKNESS — INGCHES -

NV

Bacazs 179‘—'\-00mparison of correlation curves. (Adapted from Industrial -
AN Management.) .
fﬁl‘x Smoothed, the actual plotied points should be indicated
dletifly as shown in this chart. ' ' L
The charts in Exhibits 179 and 180 were drawn on arithmetlc.
Vertical scales, because they were intended to show the differences
" the sizes of the costs and time periods involved. If, however,
106 the size differences but the rates of change are to. be compared,
logarithmic, scales should be used. - _
_ Use of the Logarithmic Scale—HExhbibit 181 shows how an
Wvestment of $1 would increase at 4, 5, and 6 per cent Go_mpf_’““d
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COMPARISON OF RAILROAD AND
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ExmmIT 180.—@omparison of eorrelation curves
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Exumstr 181~Arithmetic and- logarithmic scales, (Time sories but nob
historical.)
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" interest up to 40 years, Part A of Exhibit 181 shows the curve |
plotted on an arithmetic scale, and its purpose is fo show the size
" of the investmeni for any length of period up to 40 years. It~

" does not show the rates of incresse, and it does not indicate

that the rates of increase are more rapid toward the end of the
period. The rales of inerease are constant, and this is shown by
~ the straight lines on Part B of Exhibit 181, which is plotted to a
logarithmic scale. : . T

RAILROAD AND MOTOR TRUCK. .
TRANSPORTATION S

RELATIVE INCREASE OF ' N
TIME WITH DISTANCE
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N

Exaayry 182 —Logarithmic correlation ourves. :

. AS

In reading thetime chart in Exhibit 180 (right-hand chart}, it
st be undérstood that the purpose is to show differences and’
not ratios\'The rates of change in the two curves a3 the mileage
hereasgiicannot be direetly compared. In attempting o do
' thl&,\:qﬁe is likely to decide that, as the distance inereases,. the ‘
Hue/taken by railroads increases at a much faster rate than
that taken by trucks. . But this is not the case, as is readily
€N by plotting the curves on a logarithmic vertical scalfa as
$hown in Fxhibit 182. As the logarithmic char is deseribed

]pli)'ditajl in Chapter V, it will not be considered further at this
m - . . . N
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CHAPTER VIII

GEOGRAPHICAL DISTRIBUTIONS—STATISTICAL MAPS

When it is desired to show the geographical distributing of
magnitudes, frequencies, or ratios, various kinds of sgtatistical

£\
t\'

DISTRIBUTION OF SALES OF s

AMAZON INDIA RUBBER CORPORATIQN; 1825
FROM ANNUAL REPORTS OF THE CORPORAFION

eORTLAND | J

{ ,.. :-._. 1
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b i -~ g RAFEW YORK
. JaauT Lake i -‘I’-p L ADEL PHIA
SAN ., STy ™ " - i A TEOEALTIMORE
FRANCIS N7 ofmvER ki 35{ © 7 -
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K¢ " Exmmrr 183.—TUse of bars to show ﬁes at geographie points.
. \Iﬁﬁps" are used, The statistical map shows graphically the

\“relative geographic positions of the facts represented.

v

Outline Maps.—Plain outline maps. with but little or no
coloring are the most satisfactory for statistical work.! Moun-
tains, streams, roads, city and state names, and the like should
not be shown unless they add a distinet value to the presentation.

* Batisfactory outline maps usually can be obtained from local stationery
stores; Rand MeNally and Co., Chicago ; National Map Co., Indianapolis;
Educationsal Exhibition Co., Providence; United States_Depa.ﬁ,ment of the
Interior, Washington; State Highway Commigsions; City Engineers; and
other government offices.

172
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' Methods of Representing Data.—Bars, circles or.dots, and
eross-hatched shades are widely used in . making 'sj;atisti'cal

" maps. The diseussions, in previous chapters, of the advantages
‘and limitations of bars and circles apply equally well to the

" making of statistical maps, although the graphic problem differs
to a considerable degree, as will be pointed out in the descriptions

- of the different types of maps in the present chapter. '

DISTRIBUTION OF SALES OF ) X (\Y
AMAZON INDIA RUBBER CORPORATION — 1935 4 .
FROM ANNUAL REPORTS OF THE CORPORATION ) )y

i g:lc»&co 8. PIT 7 SPURG. 17 ATLANTA
3 o A-Hof's 1. \U} A0 8. gg::érk: .
) 11 TI 8. -~ - :
© A kanses QiTy =) gL vgr:mo ) Z0.PHILADELPHIA - © 28 PEORA -
3. INDIANAPGLIS {2 AL TIMORE 21.DALLAS 25, PORTLAND
S Minng apoL 15 % 147 SAN FRANCISCO 22 LOUISVILLE 30, RICHMOND
. NEW voRK ¢ s, BosTON 23, DETRHT 31, MIAMI -
B- L0 AnGELES {7\ ™18, NEW ORLEANS P4, NASHVILLE 32, SALTLARECITY

. N ) -
——— s & A\ . ) ' ;
hmm’ FQ‘S‘L——Uae of circular areas to show siges at geographic pointe. .

X ,.Sj;ﬁp]e Comparisons of Size for Geographic Points or Areas.—
- \3€most simple kind of statistical map is that which represents
Sizes in thejr geographic positions. At the outset it is well to
: ¥breciaie the difference between maps which show gizes at points,
: 'and,mﬁps which show sizes for certain areas. For example,
hibits 183, 184, and 186 represent magnitudes for points rather
' - for areas, and the maps show the distribution of tpese
) Eg;nts’ while Exhibits 185, 187, 188, and 189 represent sizes,
for points, but for certain defined areas. However, the
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graphic methods used in these two types of maps are the same;
and therefore they will be eonsidered together. .

In showing the geographical distribution of siinple sizes, bars
are sometimes used, as illustrated in Exhibit 183, in which the
length of the bar is proportional to the size represented.  This
method shows directly much more regarding the distribution
than would the ordinary bar chart, but sizes eannct be compared
S0 easily since the bases of the bars are not in g straighidiine.

=<
7 ‘\. A

"N
DISTRIBUTION OF AUTOMOBILES.N
THE UNITED STATES-1930),

JANUARY | 4

SCALE
2000000 CARS

¢ \J
@ 500060 s
@ 1200000 cars

L ‘300-'000 CARS AREA OF DOT PROPORTIONAL
@\a%0.000 cans TO NUMBER OF CARS
. \" - . .
-~ S .
NG _ —

AM Exmerr 185.—Use of circular areas to show sizes by states.

2 S

':~Wlien this method is used, all of the bars should be drawn to
{\“the same scale, and it is well to include a reference secale, a8
shown in Exhibit 183, to aid in making comparisons.

The geometrie formn most commonly used ‘in showing data
like that of Exhibit 183 is the circle. Either the circle or cireular
ares -is used, sccording to the distribution of the data.
Cireular areas or dots show up better than open cireles w_hen -
they ean be used (Exhibits 184 and 185); but if there is muﬁh
overlapping, open ¢ircles are the most clearly read (Exhibit 186)-
On all such maps as Exhibits 184, 185, and 186, the circles should .
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be so drawn that their areas are proportional to the sizes repre-
- sented (see Exhibit 13 on page 20). A map on which the sizes
“of the dots vary gives a good general impression very quickly .

and easily, but it is not satisfactory for very close comparisons

because cireular areas are difficult to compare. . _T'o most persons,

& cireular arca twice the size of another appears to be less than .

twice as large. In presentations like Exhibit 185 it is well to
inelude a scale for reference as illustrated. For more exact

DISTRIBUTION OF RETAIL MARKETS - ()
IN IOWA, 1930 N\

(OF e
LARJEST CIRCLES - CITIES OVER 25.000

INTERMEDIATE = CITIES AND TOWNS 1,500-28,000
5{;1.1.537 CIRCLES - TOWNS UNDER 1,800

“~n S
£\

Emmmlsﬁ’f"_ﬁae of vircles to show sizes at geographic points. " (Adapted from
. A ;'. . Woman's World.) o )
;f;:l?flg\e in such charts, the actual numbers may bfa shown. 1n
18 ﬁgu.rG,% in the corners of the states. On a map like EX.]leblt
6 the limits of the clags intervals should be stated definitely,
. :Ddh_the circles should be drawn in proportion to the mit:.ldle of
i:’:éuﬁ}ass..“ It should be noted that in this_resg_ect .thlS fm;ﬁp ._
m 3 5. i (Other reasons entered into thg'detemunfl:thn of ¢ e
. ¢_e_.__81388_' in the original from which Exibit 186 is sdapted.)
Auother type of dot map is illustrated by Exhibit 187. In-

8tead of using different-sized dots to indicate different values,
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uniform sizes are used, and the number of dots for the differeat
states is proportional to the number of cars represented. ~ Thus,
in Exhibit 187, one dot represents 200,000 automobiles. On’
‘this map, numbers are represented to the nearest 50,000 by
using & quarter of a dot. The unit which one dot is to represent
shouid be so chosen that in no case will there be so many dois
that they cannot be counted at a glance, and in no case will
significant data be omitted. The arrangement of the .Qot’s

R
\

DISTRBUTION OF AUTOMOBILES~IN"
THE UNITED STATES- 1930,

Tt JANUARY 1

® 200,000 CARS N

2 150000 CaRg"y

9 190000 caRs. )
0 szs

& Do .
EXHTBIgs"’-—GI‘OHDing dots to show sizes. (This type of map should not be
confused &with Exhibit 197, in which the primary purpose is to show density

ra.the{t;ﬁan size.) :
O\ .

'.\"Sﬁ'f)lﬂd be such that the groups in the different states (or other
{™\“unit areas) may be compared easily, They should be arranged
" squarely and in straight rows to facilitate counting, and they
should be equally spaced in all areas =6 that the spaces covered
by the dots will not cause inaccurate impressions. Thus ten
dots. spread over a larger space than that covered by twelve
- dots might impress the reader as representing the larger number.
When this type of map is made, the purpose is to represent not
densities but sizes, and it should not be confused with the density

dot maps discussed on pages 184 to 187, inclusive.




' The method illustrated in Exhibit 188 is similar to that of .
Exhibit 187, cxcept that, instead of a row or group of dots,
the length of the bar représents the numbers. . Long bars may-
be broken up into several parts so that they will fit into the
proper area. The scale to which the bars are drawn should
be small enough to allow the areas on the map to include
“the bars, and large énough to show all significant figures. This

scale should always be shown for reference, ag illustrated in: ~
. A\

- Exhibit 188.
N
"N
. ._ s W
DISTRIBUTION OF ELECTRIC RAILWAY MILEAGE ™
IN THE UNITED .STATES) 1925 4 :
. »
\\J .
N . o oA
Exemsir 19830Use of bars in showing geographical distribution of sisos.
) {Adapted from ABP News.) : B

.‘E?‘};‘\Ibit 189 illustrates an excellent method of -_shﬁW_iDg geo-

N T
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8aphical distributions of size, when it can be-used. - The ol - - .

ns,  rising perpendicularly from. the map, fepresent the

l‘ﬁel‘ent values, The map is mounted on a wood base. The

g columns (dowels) are inserted in holes bored in the wood.
he very short gohimns are either nailed or glied to the map.

_ Exhibit, 199 is an effective method of showing -the_'f_.ariﬁ duties
o -the different countries in Europe, the amounts of the ('.iuj:ies_

U Tepresented by the heights of the walls. Three-dimen-
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- sional maps of the general types illustrated by Exhibits 189 and’ -
190 are very effective for use in commercial exhibits or in such =

RETAIL SALES
WESTERN AND NORTHERN NEW YORK
BY COUNTIES, 1929

Examnr 189.—Bar typedhniap made by mounting dowels, cut to the proper
lengths, on a wood bagé\MCourtesy of United States Bureau of Foreign and
Domestic Commerw.)\\ s :

Exnrerr 190.—"The Tariff Walls of Europe”—an effective method of indi-

cating the tariff duties of the varioua E . trios. (Courtesy of S5
- Clive Moprisan-Bell,) uropean. eountries.  (Co

displays as the one illustrated in Exhibit 3 on page 9. When
the original (in three dimensions) carmot be used, as in reports
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and publications, photographs can be made similar to Exhibits
189 and 190. : : P o

An effective method for certain types of popular presentations

- I8 illustrated in Exhibits 191 and 192. On.these maps the areas

“for which the data are shown are raised to the proper heights
from the base plane. '

Exhibit 191 vepresents a photograph of a model, made with

the aid of & jig-saw, while Exhibit 192 represents a handmade

RETAIL SALES PER CAPITA
UNITED STATES, 1920 - .\

——— "“' 1

bafl:H IEBIT 191'_‘1‘?“";?1'9.5911ti11g statistical data by raising states i];o;;a ‘the
o U-‘meﬁ:r of thef e, {Courtesy of United States Bureau of Foreign & I.mes—
ommerce.) ..’ ¢ 7

d-mwmg.-(ﬁfl using such maps, care must be taken that distor-
t?ons oiythe data do not result because of differences in the
BiZe8 0l the areas (see page 183). _

\Bxhibit 193 represents a method of showing data for states
by drawing the area of the state on the map proportional to
- the numbers represented. Such maps, however, afe nob superior
fo the dot or bar maps just deseribed (Exhibits 183 to 189, -
Inclugive) for showing distributions of size. In many cases
the method illustrated in Exhibit 193 would result in the
States being so distorted  that little if any resemblance
°f their true shapes would remain, and even their relative
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- positions would be indccurate. It is much more difficult tu

~ compare the irregular areas on such maps than it is to compare

either circles or bars. : S
* Different shades of cross-hatehing may be used to represent
magnitudes on statistical maps. Thus, in Fxhibit 194, the ¢oal
supply, in number of days, is represented for each shaded area by

N -

- AVERAGE ASSESSED VALUE OF LOTSH),
IN DENVER, 193 o

N

o

A

\ &N
2% 2

O\ S R

N\ t]; T 192.—Representing statistical data for a oity by raising are o
) the base plané of the map. (Courlesy of University of Denver Bureatt of Bussn®

Research.) -

different kinds of shading, In such cases of size comparis™
however, the bar and dot maps previously described preseﬂ‘f'_j
clearer statistical picture of the situation. On a cross—hatﬁh?
map of size comparisons, the shading ranges from white °
black_——the extreme shades representing the extremes of the data
The number of shades to be used depends upon the pumbe? !
classes into which the data are divided, but ordinarily th

lightest shading should represent the small extreme and
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RELATIVE SIZES OF STATES BASED ON
THEIR KILOWATT—HOUR PRODUCTION |

Examrr 103.- Siates drawn in orti the Jproduction figures repre-
| ; PprOD L the produetion hgur pre
Bented. This is not a zood method for genqgi' .WL%IM‘%MH? it i

quite effective. (Courteay of Mechanical E”";ﬂ‘mw)

DAYS SUPFLY OF SOFT COAL ON HAND

AT INDUSTRIAL FLANTS NOVEMBER 1. 1921
7.7 O B

7
W=

. e
D days and less than§0days
m 60 d”)" and lessthan sodaya
M =0cop= andover

Ukrr 104, Representing sizes by shading. (Courtesy of United SM“
' Geological Survey.) = . .
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darkest shading the large extreme. As a rule, these classes
should be of uniform size, and the shades should vary to the same
degree that the classes vary. In Exhibit 194 four different kinds
of shading, varying from light to dark, are used. A clearer
impression would be given if the shades varied by thesame degrees
of “blackness.” That is, the lowest shading might be 0 per cent
black; the second, 3314 per cent black; the third, 6625 per cent
black; and the highest, 100 per cent black. (The shaded mﬁp

£ X
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FARMS REPORTING COOFERATIVE SALES £

’ . P puansES. |.92"‘
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] TETEIENTS ron ez ar AN PEREATIN

LOUREAATIVE SALES D dhu!

N\

Ixate1r 195.%\—Geographical diéltribut-ion.of's.ggregates showing their eom-
pnnent\?arta. (Courtesy of United States Department of Agriculture.)

Whjc\}:bshows s12¢. comparisens should not be confused with the
st}a’ded map which shows relationships where something other
. (than area is a factor. These maps are described on pages 192
Jto 196, inclusive.)
A method of showing the geographical distribution of aggre-
gates, with their component parts indicated, is illustrated in
Exhibit 195. FEach circular ares is a pie chart drawn with its
-total area proportional to the number ropresented. Component .
. bars could, of course, be used in a similar manner.
Exhibit 196 illustrates a good method for showing a series of
observations for each point or unit of area. Similar little time
series charts ean be made in the curve form for such maps.
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Exhibit 196 would be easier to read if the same spacing and the

-same range were used for the vertical seales of all of the graphs.
Care should be taken, in making maps like those illustrated

in Exhibits 183 to 196, inclusive, that the variations in the areas

for which the data are shown do not destroy the significances

.of the data themselves. Such maps compare data which have
. been collected on an area basis. These areas may be equal,
like square miles; but they usually are unequal, like states,

AVERAGE RAINFALL BY MONTHS )
SEVEN SECTIONS OF THE UNITED 'STATE o

*s%— “ P . )
] * Bt H
IMORE 3
AW i e
_3‘,'
u " ?
anlih
1
g A AATaE
fATLANTAL ="
AL :
TINROEE =

1
Y

\\'frmnuuo«

- \’.. ) _
EXHLBIT 19@502r&§hical distribution of ftitne variables. (Courtesy of -
o \J Successful Farming.) '

couf"ftiés.f or cities. For instance, in making & map of the
Umt. States, it is. often impractical to map the date on &

8IS of areas smaller than states, and, if the population figures
of the different states are compared, unequal areas are compared
also.  That is, in comparing the sizes of the populations of

assachusetts and Missouri, we find that of Massachusetis
al most one-half larger. However, this comparison may not be
Significant for the purpose at hand as the area of Missouri is about
fight and one-half times that of Massachusetts,-and the number _
of persong Per square mile in Massachusetts is apprqx_imate_ly-_ :
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ten times that of Missouri. In such a case, some other method
might have to be used. In problems of the type illustrated in -
Exhibits 183 to 196, inclusive, it is desired to ‘show simply the
numbers or sizes at geographic points or by unequal areas, such ag B
states, with little regard for the densities of the distributions.

That is, we may wish to compare numbers of autbmobiles by
states (Exhibits 185 and 187) without showing how cloge toget}@
they are, and without regard for differences in arca. 1i, onthe

2 »N

"N\
DISTRIBUTION OF AUTOMOBILES N ™

THE UNITED STATES-I93Q(
JANUARY | NS

1 DOT = 5000 CARS

&

\Y; '

() Examrr 197.—Use of dots in indicating density

contfary, we are interested in relative conéentration, the most
satisfactory map is the density map, which will now be considered.
s S\\Densities.-—In studying most area distributions, the important

questions are: Where are the points showing a high degree of
concentration? and Where are the sparse distributions? In
-showing distributions where area is a factor, the density map
made with dots, as illustrated in Exhibit 197, is commenly used. -
In this type of map all dots are of the same size, and the dis-
tributions are shown by the frequency with which these dots
oceur. Numbers are not well shown by this kind of map but
the relative densities are clearly indieated. Such a value
- 'should be assigned to the dot ag will best fit in between the.
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extremes. That is, on the one hand, the value should not be
~ so.small that there would not be room for the dots in the
. eoncentratcd arcas—they may run together, but there should
not be several layers—while, on the other hand, the unit should
not be so large that important date in the sparse areas would
be incorrectly represented or omitted. _ o

The dots representing data should be spread evenly over
the corresponding. units of area.! Care should be taken to see

Bxmmeir 198 A, Wrong becau;lg%hc larger dots in the sparse areas exaggerate
the data. B, Right because,density is correctly shown by dots of equal size.

Fh&t the dots are no«t}}aced in rows on a density map. It is
‘mportant o use dot8 of uniform size. Otherwise the effect will
be misleading ad Mustrated in Exhibit 1084. . o

Interna] heimdary lines, such as state lines on & map Qf the
United St\absé, are sometimes omitted as in Exhibit 197, but they
are usuglly left in as a guide to the reader. In Exhibit 199,

which\i§ plotted on a county basis, state lines are shown but

N

- QLY lines are omitted. _ o
S.mce the areas of the states on the map -are proportional to
their actys) areas, the dots are automatically distributed on & -

' Affer the unit hag been selected, the number of dots for each state
or_ divigion may ba determined and the ﬁgul‘eﬂpencjied ofi eg.ch area. Then, .
Eth a single stroke of the pen for each dot, and counting them #s you g0 .
. €D Working over the whole area, placing a dot where the largest space
‘emaing until the required number is placed. The Paysant pen-1s £9 od for

% work since it makes a perfeetly round det-
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square-mile basis if they are spread evenly over cach state or
other unit area. Maps like Exhibit 197, of course, show the
‘average distribution for each state, and so do not show the
concentration points at cities. o
The concentration points show up best when a map is made-
on the basis of small divisions, such as counties on s map of the
United States (Exhibit 199), or townships on a map of a state, or
blocks on a map of a city. The degree of aceuracy necessarg\for
maps of this kind depends upon the purpose for which tHe map
is to be used. In Exhibit 200 each dot is carcfully doeated to

Y P

TRACTORS ON FARMS &
Rumber, April 11930 &

#1
LINITED STATES !o\“}Q
NUMBER ON FaRibs £20,

00 trovcrars

A/
¥ _ -
- Exgrsrr ,N}&—-F_arm tractor density map of the United States drawn on 3
. ‘}b\'{n.t? basis.  {Courtesy of United States Department of Agriculiure.).
e\ . ;

represent 200 persons. The dots here are not spread cvenly
. 0%er any particular area but are Iocated near the center.of
jravity of each group of 200 persons. ' -
The type of map illustrated in Exhibits 197, 199, and 200 gives
. the impression of gradual changes from dense to sparse distribu-
tions, and seems to smooth out the breaks between political
jurisdictions, which are especially noticeable when shading is
used as in Exhibit 2071, Ordinarily it is not necessary to use the -
cross-hatching method in maps like Exhibit 201 when area is 8
factor. The actual areas are proportional to the areas on the
map, and the density ecan be appreciated better by using a dob
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map like Exhibit 109. In Exhibit 201 the class intefvals viry in
 gize from two in the lowest group to forty-five in the next to the
. highest group, with no upper limit upon the highest group. As

o b B,
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Ex_‘;‘;“: 200.—Density map with dots representing 200 p
Vity basis. (Courtesy of Department of Public W""k"_f

4 rule, clasg intervals should be equal in size on mapi
m?Ugh occasionally there may be practical excep
- TWe. The difficulty, of course, is to show. the sparsely popu

Ty o CHICAGO. 2\ PN



188 GRAPHIC METHODS FOR BUSINESS STATISTICS

POPULATION PER SQUARE MILE IN
THE UNITED STATES BY COUNTIES, 1930

www.dbraulibrary.org. iw /

Exumir 201.—Use of shadin,
ordinarily preferred to shading.

g todhow density. In ahdwi_ng density, dotg a1
A (}'ow‘téay of United Stites Bureau of the Censtis.

Examrr 202.—Density of lincar magnitudes. (Courtesy of Americon Telephont
. : ard Tedegraph Co.)
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LOS ANGELES
PASSENGER TRAFFIC FLOW
 DURING AFTERNOON RUSH ON ALL LINES OF
LOS ANGELES RAILWAY AND ON CITY LINES

' OF PACIFIC ELECTRIC RAILWAY
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Exmmir 203.—A traffic flow map. (Courtesy of Joe B. Ong.)
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 areas accurately. This would be much easier to do by using a
. dot density map such as Exhibit 199. _
While dots are very satisfactory for representing separate
objects, such as automobiles, factories, and persons, they are not
 truly representative of the density of linear magnitudes, such as
roads, railways, and telephone lines. This kind of density dis-
tribution is very eclearly shown by using a map like Exhibit 202
which shows the density of Bell Telephone trunk linces simply\)y
. mapping the lines in their actual positions, O\ '

N
% Ny

DISTRIBUTION OF UNITED STATES EXPORTS, 1933 € )

e wren

Figures in Millions of Dr:l}m FOUAL AREA COMTINENT MAF .
Exwurerr 2045 World flow of United Statos exports. (Clourtesy of United Stales
) Bureay of Foreign ond Domestic Commerce.)

Ej&fMaps.—A special type of density map is the flow map,
which shows the density of such flows as those of traffic (Exhibit
(203) or merchandise distribution (Exhibits 204, 205, and 206).

In Exhibit 203 the density of street railway trafficis shown by_
the widths of the lines. This is the common method of showing
traffic flow. The widths of the lines are laid out to a common
scale, such as thousands of persons per hour, which should be
made large enough to show all important traffic, and yet it
should be small enough so that there is room for the lines in the

“congested districts, _

In Exhibit 204 the same method as that of Exhibit 203 i used

to show the world distribution of United States exports, the.
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National Distribution

Qne Day's Shipments of Packing House Products from Swift & Company ¥
Chicago Plants—September 14, 1921 .

Each ling represents )
one car Joad N

Exmiere 205.—Density of traffic flow. ”{H&“f&%’f%%;ﬁmlﬁe&%mk D"mﬁ"

ment, Swift d, Co)

Y

S N

Exumyy 206.—Merchandise flow map. (Courtesy af Uridted States - Bureatt of
Foreign and Domestic Commerce.}
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widths of the flow lines indicating the different amounts of.

commodities exported.

K
L

The concentration area of Swift & Company’s market is

shown by Exhibit 205 which is designed to show the density of
the flow lines rather than the importanee of each flow. A

similar problem is illustrated in Exhibit 206, which shows the

importance of each line of flow by means of bars at both source

“and destination. N\

DISTRIBUTION OF AUTOMOBILES IN) -
THE UNITED STATES- (930 4

™
AREAS ON MAP ARE IN PROPORTION TG POBONATION
VDOT=2000 AUTGMODILES

Yxnprr 20{:%\Showing the relation of population to automohiles by drawing the
statea\it} broportio_n to population.  (Not recommended for general use.)
"\ . L, .

Geographical Distributions Where Something Other than Area
‘IsaFactor.—When a distribution is to be shown where something
thousand of population, the density dot map eannot be used in
the form just deseribed. A method sometimos used is illustrated
in Exhibit 207, in which the states are drawn, not in proportion
to their actual areas, “but in proportion to their populations.

Then the dots representing automohiles show their distribution

in relation to population. As previously mentioned, however,
the method of distorting the map to represent something other

than ares is not recommended for general use, as it is quite’

‘other than area is a factor, such as number of automeobiles per. .
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likely to confuse the reader and leave an incorrect impression of
sises, distances, and relative positions of the areas represented.
A better form for showing the data of Exhibit 207 is the cross-

" hatehed map illustrated by Exhibit 208. This is not an absolute
rule, however, since the two maps do not show quite the same
‘thing. Exhibit 207 compares populations of states and shows the
relative density of the automobile-owning population but it does

' DISTRBUTION OF AUTOMOBILES IN
THE UNITED STATES-1930 e

CARS PER THOQUSAND OF POPULATION
JANUARY ¢ ‘ » I_'f'

%// d
NUMBER OF CARS
PER 1000 PERSONS
S 350-425
275-350 \“
200-275 \\
125-206

 I— 50-.1\2’5 “

Y

L

Exemre 203.-*%Sﬁowing the relation of population 1@ automobiles by a aim;:]lg
method of ditg. Usually this method is to be preferred over the method

shown in Exhibit 207
not fe"}\ﬁ)w aréa, while Exhibit 208 éompareé areas but does P?t'
show.comparative populations. The range of shading in Exhibit
88 is graduated equally from white to black in five shades.
The middle shade is half black and half white. The second one -
. Trom the top is the negative of the second from the bottom.
The shades vary by 25 per cent from one ex reme to the o'ther.
I£I;1hat i8, the bottom shade is 0 per cent black, the second is 2__5i
ﬂ-—l}l is 50, the fourth is 75, and the top is 100 per cent black-
fId('_as,Hy, of eonrse, 100 per cent black would" repre'sent {he saturation
Pomt.  In this map it is used merely to represent the__highest’ class.
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~In makiﬁg rﬁap shades, since the differences in the scale are
represented by differences in the proportion of area covered by

~ ink, it is best to make the differences a8 simple as possible, An

elaborate design of shading cannot be understood so easily as

MONEY OF FORTY-EIGHT NATIONS
IN OCTOBER 1921

Exmmir 209.—A simple method of shading to shbty percentages.  (Courtesy of -
' _ Cleveland TrushCv,

the simple fpmusiilinditrtey sneBxhibits 208 and 209, in which
even the direction of the Iinegs"&bés not change. Any number
of ‘shades can-be made veryoeasily, and with their differences
mathematically exaect, by “using the method of cross-hatching

. i

0% 0% 2a¥X  30%  40% sox BOX  70%  80%  90x 100%

Exgmsir 21!'!?‘,M simple method of shading mathematioally graduated from
\O 0 to 100,

OO
illustigted in Exhibit 210, In this exhibit the shades are shown,

Lwith” variations of 10 per cent, from zero to one hundred.

V4

’1 Thig shadin g is very simply and quiekly made with the aid of a scction
iner. (This Instrument is deseribod briefly on p. 231.) Simply determine
the width of line to be used and adjust the section Liner so that it will move
exactly this width. Then, in making a 10 per cent shade, for instance, draw
a line, then move the section liner nine times for the white part, and then -
move it again for another black Iine, and so on. _ For & 50 per cent shading
draw five lines together, and then move the section liner arm five spaces for
‘the white part, and so on. For & 90 per. cent shading, draw nine lines
together and ekip one, and so on.
Tf a large amount of map work is to be done for reproduction by a phote-
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Usnally it is not practical to have as many shedes as are shown in
Exhibit 210, but it will be noted that the values represented can
be very quickly appreciated even without reference to the scale.
Itis not difficult to see, for instance, that 10 per cent of the area is
black in the 10 per cent shade, or that half of the area is black
and half of it ic white in the 50 per cent shade. ~ .
Such maps as Kxhibits 208 and 209 give the impression that
sheolute uniformity prevails within each of the divisions and ,
that changes occur only at their borders. While this would\
be true, practically speaking, of Exhibit 209, it would notibe
true of Exhibit 208 where the changes naturally occur gpadﬁally
from one district to another. In this respect the distorted map:
of Exhibit 207 has the advantage. In instances whete :abrupt: -
changes actually oceur, and where condjti(jns'wit}lih the areas
are practically uniform, the cross-hatched map leaves correct
impressions of the distribution ‘within eacliarea. In instances
‘where the distribution within each distriet is not amiform, the
reader ysually will make the prdp\efx‘%ﬂ!@fﬂaﬁmﬁfhf#@ﬁpmdmes
that the figure represented rea.lly.j.sfan average. .

praphic process, a great amoennt of labor can be saved by drawing the ahadip:g' :
on sheets and making photographic copies. If the photostat method is
used, only the lower half of{a\series of shades, like Exhibit- 210, need be
drawn, for negatives of thésg/will make positives of the upper half. These -
sheets are cut and past&g\n the map in the proper positions. -
_1“ mouunting such Shades as the foregoing, only the edges adjoining the -
finished part needlbe trimmed to fit. " Thus, assume that we ate pastng -
- Shades on a e, Mo make Exhibit 208. Suppose that we gtart with the
State of Washidgton. We will cut the north anid west sides to fit and let
any surplagwproject over Idaho and Oregon. Then, when we mount the:
f;ha.d‘f_f?r regon, we shall trim the west and north sides properly _apd mmmt o
1t M b8 proper position, covering the surplus. shade of Washington and -
'Qnﬁfhng the surplus shade of Oregon to extend over the unshaded sts:bes ‘t.o
M south and east. Then, when we mount the shade of Idaho with it8
- Western side eorrectly shaped, it will cover the surplus of Washington md
Oregon and give their emstern boundariés bhef? corvest; shapes. This
Process can be carried on until the last states are reached when the shades
il v to be trimmed all sround before mounting. O, i oneprefers do
%0, the shades may be allowed to extend over the national borders, and, ‘Then
fompleted, the whole map may be trimmed and rer_n_mmted. T
& For the sake of simplicity all shading lines should be made in the e
Uirection, The lines should be drawn at an'sngle of about 45 degreos wit
 the border line of the map in order that the changes My not be noticed . -
the amglen thag theoe Lose foran srith the meridians and parallels of latitude:
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‘Exhibit 211 represents a percentage map on which a somewhat
more complicated system of cross-hatehing is used than that
rgpresented in Exhibits 208, 209, and 210. Methods of cross-
hatching similar to that in Exhibit 211 are widely used and are

“ designed to show the differences distinetly. The statistical; .
advantage, however, rests with the method llustrated in Exhibi;
210. If the method of Exhibit 210 were used in Exhibit 211, only
the shades from the lower part of the seale would be used sitce .

there are no data to be represented by the upper part of the séale. _

. VALUE OF FARM BUILDINGS ”~
Cereantage of Tofal Value of Rea) Estata Jan. 11528, {7
< &

N\

ny \V 53

UKITED STATES AvERATE, {3
ZA.TPERCENT N\ W

N\ i
hatehing TBRed e thow Cotmpare with Bebiiie 508 309, aad. 210
{(Courtesy pﬁgb‘mltea", States Department of Agriculture.)

Use ot Colors in Statistical Mapping.—The nge of colors in
statistical map work is limited. No scheme of representing
) ..sgj“fferent values by different colors can be used to give a visual .
impression that corresponds directly with the distribution of the
data. No arrangement of red, orange, yellow, green, blue, and
violet can give a clear Impression of a graduated scries of numbers.
That is, for instance, green would not naturally impress a reader
a8 representing a larger or smaller number than blue or red.
Even if different intensities of the same color, graduated from
light to dark, are used, the maps are more difficult to interpret
than they are when the crogs-hatching method is correctly used,
and. reproduction is much mare expensive,
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- Colors are very useful in distinguighing one area -'fi'om another
or one series from another, but, ag a rule, they should not be
used to represent values. Another effective use may be made -

; * DISTRIBUTION OF BEEF
IN THE UNITED STATES

Where It Comes From

Ome small dot represents \
5,000 beef cactle on
l‘alrupi, rl:]nly a portion of 3 . : :
which become meat in 3 ilikr o in
¢he corse of & your, WWWL!.hf"ﬂllllb]_ Fy.org.in
Large dots show the location of principal slanghtering centers. :
"\ 3

p, dhesmall dot represents

e tonsum&tion of

S
\ haur 2
N o bc:f.'m pounds .
P N Large dots shaw the location of principal slaughiering ceaters.
£ . Y .
IBIT 212~ Comparing geographical digtributions, (Courtesy of O‘?m_"wd

Research Department, Swift & Co.) .

of colors for showing positive and negative quantities. For

Instance, profits may be shown in black and losses in red: o
Comparisons of Geographical Distributions.—When it 18

desired 1o compare different geographical distributions for the

Same ares, it, is usually best to make different maps of the date.
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as shown in Exhibits 212 and 218. In such cases the maps should
be drawn to the same scale and they should be plotted in the
‘same units if possible. Because of the different units used in
- Exhibit 212—number of cattle on one mrap and pounds of beef
on the other—the comparison is more diffcult to comprehend '
than' it would have been had the dot been given the same value
- on both maps. - .
- Exhibit 213 ilustrates a good method of showing the changesin -
the sources of Boston’s milk by showing the actual distribution -
. : R @ N
— \J
CHANGES IN SOURCES OF RAILROAD MILK. FOR BOSTQN MARKET

LA S ——
Exarerr 213.——Cpm}aring geographical distributions. (Courfesy of - Boston
L) Chamber of Commeree.)

of the ro,l{‘theg over which it ig carried. In this chart no attemptis
made 49‘chow the importance of the various sources.
The"Map-tack System.—There are many mechanieal aids-
onthe market that are useful in graphically showing geographical
L. (‘distributions. Chief among these are the mounted maps, tacks,
) Pins, beads, cords, rings, tags, and flags, which are used together
in various combinations in what is commonly known as the
map-tack system.? '

! Complete map-tack systems may be obtained from Rand McNally,
Chieago; National Map Co., Indianapoiis; and Edueational Exhibition Co.s
Providence. Inexpensive spherical headed ping may be obtained at 10
cent stores, If suitablo colors eannot he obtained, the pin heads can h_e
dipped in paints or enamels of the desited shades. Cox -
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The map-tack system is a valuable aid in showing the routing
of salesmen; in designating towns, branches, and agents; in
classifying purchases; and in analyzing competitors’ strengths.
This system of map making is very flexible. Tacks' or other
marking devices may be added, changed, or removed readily
according to current requirements. ' '

~ Ti tack maps are made for photographic reproduction, or for
those to read who are not in close touch with the working of the
particular map system used by the individual office, they should

N

ExmIBIT 214 —Acdar#t-seale wall map.  (Courfesy of Rand McNally & Co.) -
b‘_* simple i design and made according to the dot map prineiples
dlscua§ed Dbreviously in this chapter. o o

If,,\lldiarever, the map is made to be uged by those _W]lO are in.

P‘-“?ﬁ@ touch with the individual system, it may be more com-

blieated, though care should be taken to keep the system simple

enough to be understood easily by those who are to use it.
18associated facts may be successfully represented on the same

Map by different devices or different colors if the readers are 1o

clos:e enough contact with the system 1o become familiar- with
heir meanings quickly. L

Tack maps vary in size from small hand maps to huge wall
Maps suoh as Exhibit 214. These large maps sometimes ar¢
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‘mounted in sections. It is important to have a map large
enough, especially if there are econgested districts 1o be studied,
It is better to have a map too large than too smail.

Map Mount.—Tack maps must be mounted upon & kind of
board that will allow the pins to be pushed in to their heads with-
~out difficulty and yet hold each one securely. Unless the pin is
pushed in to its head, it is easily knocked off the map, and as each
pinis usually placed in position currently as the data are obtained,
sometimes with no tabular record, it eannot be replaced without
great inconvenience, i .\' N
Wood makes a satisfactory mounting for use with-tacks if it _
is very soft, and made up, say, three-ply to preyént warping and

<\

Lo : L 7 ; N 1
JAVAVAVAVAWAWAY ST ATAY
i §LLE < Ql;
_ Gelletder Do 242N
Exmmrr 215.—Cross-section of tack-map\mount. (Courtesy of Edu
www.dbrauli brﬂ@""ﬁigﬂm‘c"'j :
cracking. A very cheap yetwatisfactory mounting ean be made:
with three or more layersiof corrugated strawboard.® If the
tacks are to be removed often, the strawboard should be faced. -
~with cloth or, bettep&till, with cork. .The structure of a form of
ready-made mou@;" “which' can be purchased is illustrated in
Exhibit 215. This mount consists of a cellular strawboard built .
up several ply,“the ribs in the alternate layers running erosswise
to those inthe other layers. On the surface of the strawboard is
placed,&:t}ﬁn layer of cork on which the map is directly mounted.
While\it'is easy to push a pin into this kind of board, there is
enq@g frictional resistance to hold it seeurely, and moreover the |
. ¢regilience of the cork closes the hole so that tacks may he pushed
{N\in many times at the same place without danger of working loose.
For temporary work, especially if the pins are not to be removed,

1These layers should be glued together with the ribs in the middle layer
running crosswise to the others. The map should be mounted with paste.
In order to equalize the shrinkage and tendency to warp, a piece of plain
paper should be pasted on the back of the board at the same time the map is
mounted. The finished map should bhe dried in a press or under weights.
If the map is not printed in fast colors, it should be covered with a fizative
sprayed on with an atemizer hefore being wet with paste.
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a single thickness of corrugated strawboard, mounted on a frame
- s0 that the tacks or pins may project through the board has
- been found to be quite satisfactory.

It is desirable to size and varnish the faces of ta.ck maps asa
protectlon against dampness. This treatment also makes
it possible to wash maps that become soiled. :

‘Unless tack maps are very small, they should be prowded _
with some kind of a substantial frame. This is especially neces- ]

_ sary o prevent warping. Examples of the common forms of . N\ -

- profection are the map cabinet (Exhibit 216), the WaCIl frames N
(Exhibit 219), and the swinging D :
display fixture (Exhibit 223, page
214).

Map Marking Devices.—Of the |
devices used to indicate facts in the
map-tack system, the most common
are tacks, pins, beads, rings, flags,
Fags, stickers, and cords. The mestw|}
mportant of these devices is the
tack or pin.

Map tacks or pins are made Wlt.h

_ sharp needle points, and with glass,
_ 0311_u10id, and cloth-covered heads
wthh are made in several hundred Emmpr 216-A map_cabiniet
variations of sizes ‘mhd COLOTS. (Coustesy of Rond McNally & C0)
Cloth-covered tacks! 30il and fade
Wore easily thah \do the glass and cellulmd tacks. Exhibit-
- 217 illustrates/the use of spherical g]a%-headed tacks and
flai celtu] id Mtacks for representing automobile sales data.
Such & uge“of maps and tacks presents a picture of the distri-
bution. fhat is practically impossible with tables. The. large
cellulm}_[ tacks are surfaced so that numbers or other ‘designations.
. can be written upon them. Different distributions ean be
- Presented clearly by using different-colored tacks, but different
tolors should not be used for presenting different degrees o of value
- In the same distribution. For instance, one might show: -clearly -
the distribution of population with black tacks all of the same -
size, and the sale of automobiles by using white. tacks all of the - -
" S8e size, but from a graphic point of view it is 106 good pra:twe
‘make & map allowing, say, one black dob to TepreseE one
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automobile and one white dot ten automobiles. In this respeet
the map iltustrated in Exhibit 217 is faulty. The tack represent-
-ing the sale of ten cars does not directly impress one as being .
ten times as large or important as the tack representing one sale, -

bxmsir 217.—A tack map formerly used by the Willys-Overland Company:
: (Courtesy of Rand MeNally & Co.)
Looking over the area as a whole, it is difficult to pick out the .
areas of greatest density of sales because the visual impression
left by obscrving, for instance, two of the large white-topped
tacks is much weaker than that left by observing twenty small -
black tacks. From a graphic point of view, the visual impres: -
-sion should correspond directly with the facts presented, Other-
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wise, very inaceurate impressions are likely to.be gained. . Thus,

in Exhibit 217 the map would be improved by using ten small
pins instead of one of the larger white-topped pins. . There would

be no difficulty in making this change on the area shown in
Exhibit 217, bui in areas of great density there would not be .-
room for so many pins if the plotting were on the basis of one'pin

for each salc. ‘ . ' .

Examrr 218.—£Us¢’of map cord. (Cousrtesy of Rond McNalty & Co)

A meth, d;tif‘;howing more accurately distributions which vary <
fl:om ex@’lé§é sparseness to great density is the use of beads and
‘Pins. By this method, the spheres are not spread over the aref
b}ﬁ* &r¢ piled up perpendicularly from the map, making columms .
Sigilar to those of Exhibit 189 on page 178, ‘Where only one dot
appears, & map tack is used. The larger values are fepresented
With long pins strung with beads which are exactly like the
heads of the tacks. If the long pins available for this purposeé
- 8re f00 short, steel wire can be used. When a-large _nu'mbel-"Of
eads are used on a pin or wire, it is well to make every fenth
bead another color so that it will be easy to read t:he musaber.
. For supplementing map tacks and beads, other devices, such d
Fings, tags, flagy, and stickers, are sometimes used to show a@dl—-
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tional information. These may- bear notations or they Ay
Tepresent the information by their colors or forms, -

When territories are to be marked off or routes are to be Inid
out, the lines can be made conveniently by using map eord as

Exnrerr 219.—Internationsl ‘Harvester Company’s tack map with card index '
aystem. (Courtesy of Rand MeNally & Co.)

shown in Exhibit 218. Any desired changes can bo made very
easily and without damage to the map simply by shifting the -

_eord.

Washable maps can be secured which will allow marking and
erasures. They may be marked with peneil, crayon, or pen,
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and erasures are made by washing as one woﬁld"ﬁash s black-
board or slate, '

Often it is desirable to have some means of tymg the informa- -
tion of & map to the more complete and detailed information -
given in the various records of the firm. Exhibit 219 ﬂlustrates a
method of using s card index system in connection Wlth a pin
m-alp- B .
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CHAPTER IX
DUPLICATION, REPRODUCTION, AND DISPLAY

" ince it is usually necessary to have more than one copy,of &
chart, it is important to give some consideration to ng'eftt_nhds of
duplication and reproduction. The choice of the\particular
method $o be used will depend largely upon thegiurpose of the
chart. If, for instance, only a few copies apélfo be made for

~ the use of a board of directors, the method niay differ greatly
from the one used to reach the publie at la\rge through o magazine.
Blueprinting.—The method most comim6nly used by engineers
in duplicating drawings is that of bluﬁfrinting. This method is -
the cheapest one readily available(for making a small number of
direct copiey. dRraiANY Hfillled for blueprinting is usually .
laid out on drawing paper '_ain;d; “then traced in ink upon tracing
paper or tracing. cloth which is translucent. Tracing cloth is _
usually preferred to tr;—;ciné paper because it is more satisfactory
to work upon, moré\translucent, and more durable. If the
drawing is not é\‘cc;mplicated, it may be made directly upon
the tracing cloth or paper. ' .
In making>4” drawing on tracing eloth, the surface of the
cloth shouldbe rubbed with powdecred chalk or pounce to remove
the traeéd/of grease so that the ink will flow freely and cvenly.
To i_l\{s‘ure a good line, an opaque ink must be used. Colored
inks\often. are not heavy enough to print well. To produce &
. (hght shading, thin colors or pencil tints are sometimes spread
<« ) o0ver an area on a tracing instead of cross-hatching. Such an
area will print in very light blue when a blue print is made.
Working - charts and preli_minéa,ry drawings arc sometimes :
blueprinted from bond or ledger paper, but such prints do not _
always present a plessing contrast and the watermarks show
Plainly.  Any clear, white paper, however, may be made trans-
lucent enough to make & good blueprint by oiling with “ Nujol )

* Bee pp. 218 and 219 for a further deseription of tracing cloth and papet:
206 Ael
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" or by applying “transparentizing solutions,” ‘which are handled

by most dealers in drawing supplies. e o

If typewritten material is to be blueprinted, the copy should
~ be made on thin paper which. is not watermarked, & good ribbon.
- should be used, wnd a good carbon paper should be placed in the
machine to face the back of the paper on which the material is
being typed.  With the ribbon ink on one side of the paper and
the carbon ink on the other, a fairly opaque letter is made.

Blueprinting, after the original is made, is a simple process. A,

piece of sensitized blueprint paper, with the tracing in front .'Of.?'i;" D

is exposed to the sun or electrie light for a few seconds or minwutes,
- depending upon the rapidity of the paper. A chemical agtion
takes place in the exposed parts whieh renders the coafingnsolu-
- ble. This turns blue when the paper is washed in¥Water bath,
and the soluble parts, which were protected .fJle the light by
the ink on the tracing, wash out leaving whife _
the ordinary - blueprint reverses the blagk 'and white of the
original and the black lines on the, trelig, are. White on the
" biueprint. On an overexposed print;the blue Zofot Tay be
mtensified and the white lines glgared by ‘dipping in a bath
“tontaining potassium bichromatéo or sodium bichxomt_é {1 or

2 ounces of crys_t}i.]s per gallon of water) and again waghing. -

~ Blueprint pPaper may be hou\ght in various widths, weights, and

 Sbeeds of printing. When Trosh, it is of & greenish-yellow color. -

It deteriorates rapidlyy and cannot be used at _a.ll" after a com-
- Paratiyely short fife. o
Severa] Plueding and bl aelline papers are avail_able._\frlth
which pogi i “copies can' be made dirseily fromfa tracing.’
Another m‘§i{0d of duplicating positive prints requires. th_gt a.
hegativedirst be made on Van Dyke paper,’ which is a thin paper
tll&,t{:@}.ﬁs dark brown on exposing and fixing.  Then from these
%gafives blue-line prints with white backgrounds can be made
E::m b%ueprint paper, or from blue—line priné paper; and prown-

- Ue°brinds can he made from a special paper prepa
Dirpoge, R o . ST o o
- gﬁfhe eQuipment used in blueprinting varies all the way from
os:t tothing to the type of machine illystrated in Exhibit 220
this machine the tracings and paper are fed
lTh_i-B baper is git."en different names by different comps-mﬂﬂ '

ines. T}l&t iS, -

through rolls and

red for thg L
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the printing, washing, and drying are done in one operation.-
As electric light is used, the operator is independent of -the
sunlight. -Frames mounted on carriers so that they may be ran’
out of a window are widely used when the exposure is made’
to the sun. Cood prints may be made from small tracings
simply by helding them to the sunlight against a window pane.,

Ex‘m:BIT 220.—Flectric blueprinting machine w1th ~washing snd drying equip- -
ment, (Courtesy af The C. F, Pease Co.)

' By keeping a small quantity of blueprint paper on hand it often_

happens that copies of tables, graphs, or printed matter may be’
made in this simple way much more quickly and cheaply th&n
they can be made by hand or on a typewriter. .

If an exact duplicate of a tracing is wanted, there are ﬁrIﬂB_
that do this kind of work by a gelatine process in which a special
matrix print is made in a blueprint outfit and transferred to &
gelatine-surfaced table. The impression is then inked and prints:
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" are pulled from it which ean be used for making blueprints equal
in every respect fo those made from original tracings.® . :
Good photostat negatives oiled with “Nujol”’ or any purified
paraffine oil, and well blotted, make satisfactory negatives for
blueprinting. ' '
- Unless one regularly has a large amount of blueprinting work,
it is usually sent out to commereial blueprinting houses. When
the amounts of work are small or irregular, this method is ordi-, 2\
narily cheaper and more convenient than operating and mains -
taining blueprint equipment. ' ,\' \J)
Drawing for Photographic Reproduction.—Much reproduetmn
work is done by methods which include some use of photographic
processes.  This kind of work includes that of the photustat and
the many kinds of plates or “euts” for printing the illustra-
tions in books, magazines, newspapers, cirw\ula,rs, and other
publications, S NP7, N -
Drawings for photographic reproductiun,\should be made on
smooth white paper or tracing cloth and ih black ink for the best
results. Green, red, and yellow 1nkd Will pROVEAIBH"as black)
but pure blue will not show at all’ jn"ordina.ry light. Usually a
chart that is to be reproduced b 'a photographic process is made
somewha$ larger than the repreduction. The reduction tends to
eliminate minor irregu]ariﬁés and gives & much more finished
appearance than is posdible when charts are reproduced in the
exact size of the griginal. Exhibit 221 shows how a full-sized
reproduction lodk& when it is reduced, one-fourth and one-half
linear, Drawings are sometimes made many times the size of
the reprodution, but as a rule originals made from two to
four time %iinear) the size of the reproductions. will give the
best redittts. - - '
An\drawing for reproduction; particular -attention should be -
giveh to the widths of lines. A three-fourths reduction (linear),
of course, reduces the width of the line to one-fourth of its original
“width. A very helpiul aid in judging the appearance of the
reduction is the reducing glass, whiéh is & concave lens mounted

like a reading glass.

1 One company

\;\rhich duplicz-lte.s tracings is the Lithoprint Company of
New York, 41 Warren 8t., New York City. : .
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BANK CLEARINGS IN THE UNITED STATES
EXCLUDING NEW YORK CITY, 1910-1930
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Exmmrr 221 8.—One-fourth reduction of Exhibit 2214,
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On drawings for photographie reproduction, irregularities and
amors can be corrected by painting out with Chinese white
(water eolor). Lettering can be printed with type on strips of
paper and these strips ean then be pasted in their proper posi-
~ {ions on the drawing. If the edges are earefully painted with
Chinese white, and care is used in photostating, the edges of the '
pieces pasted on will not show, Or if a line cut is made, any
such lines will be tooled out by the engraver when the cut is
finished. -

BANK CLEARINGS N THE UNITED STATES
EXCLUDING NEW YORK CITY. Wi0-230
MONTHLY AVERAGES “

i wtuch
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Exmsir 221C.—One-half réduction of Exhibit 2214,

The Photostat.—There~ate ' several direct photographic
methods for reproducing ‘drawings but the most commonly used
is the photostat (Exhibit 222). In the photostat process the
sensitized paper ig &xposed to the chart through certain lenses
and mirrors, so shat by a direct exposure 2 positive print of white
lines on a .bladk background can be made. This method is
especially \&éful for copying charts or printed matter from
Teports, boodks, or magazines; and when only a few copies of a
chart &¥e to be made, it is quite economical. Many firms which
ha%e b large amount of copying to do have their own outfits,
while gthers find it best to have the work done by commercial
photostating firms. : ' '

Cuts or Plates for the Press.-—When charis are reproduced

- by the printing press, plates or “cuts” are made from the originals
by various photomechanical processes. :

* For a good discussion: of this subject see Herbert W. Smith, ‘‘Picture
Vol. 22; No. 28.

Plates for the Press,” University of Missour: Bulletin,
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Statistical charts are usually black-and-white copy with.
no gray tones and are commonly reproduced by cuis known as line
plates or line drawings. These cuts are made by the process
known as zine etching, in which the drawing is photographed-
and a positive is printed on a sensitized zinc plate which is etched
(corroded) with acid, leaving the proteeted parts or lines in
telief. This is the cheapest and most gencrally used method
of reproducing charts for the press, Care should be taken(to
se¢ that the drawings are well made since all i.mperfecti’qnsi‘are; :

. of course, reproduced. N\

Exuiarr 222 >Number 1 photostat.  (Courtesy of The Photostat Corporation.)

A gkthod of making cuts, which does not require a carefully
dragg original, is that of wax engraving. In this process the__
meti:qgfaver does the work of the draftsman and the lettering is put -
i with type. Thus, a very good cut can be made from a rough .
pen or pencil sketech. The chief disadvantage in using wax cuts
at the present time is the relatively high cost of engraving them. -
Another kind of cut, occasionally used in. connection with |
graphic presentation, is made by the half-tone process, in which -
negative is made through a screen which breaks up the shades
into series of dots of different sizes. The eve blends the black -
tone of the dots with the white background of the paper and gives
an impression of a gray tone. For different kinds of paper:
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sereens of different fineness are used, varying from sixty lines to
the inch for rotary press newspaper work to:one hundred and
fitty lines to the inch for the finest enamel papers. The most

satisfactory half-tone illustrations are made from photographs or

wash drawings. When photographs are used, they should be.
made on glossy paper to produce the best results.” ' o
Ben Day Shading.—The high cost of color printing prohibits
its use for most purposes. When areas must be contrasted,
* usually some form of black-and-white shading or cross-hatehing,
- 3used. This may be drawn by hand or it may ‘be produeed)
mechanically by the Ben Day process. The Ben Day shade is
printed mechanically either on the plate by the engravérior on
the original drawing from an inked gelatine surface g.nd rubbed
on with a stylus. Most good engravers cai do, Bémy Day work.
The particular shades o be used are selected by the malker of
the chart from a catalogue and designated, by umbers on the
drawing. An example of a ‘chart on “{hic}t Ben Day work is
used is shown in Exhibit 121 oivpagetk@Blibrary.org.in :
' Mimeograph and Hectograph.—The methods of the mimeo-
graph and hectograph are quite gelierally understood but may be
mentioned here in connection with reproducing eharts.
~ The mimcograph is probably the most widely known of the
stencil duplicators. In, this process & stencil is made through
which a special ink pasges to the paper. The original drawing
it usnally made in {hdia ink on paper, and then traced on the
stencil over a spécih;lly'prepa,ljed tahle with a ground-glass to_p
under which &n-electric light is mounted. Once the stencil is
made, anydrdinary demand for duplicates can be met easily and
. QUiCkl-yf‘%he gtencil can be removed from the machine and
' used‘,'zir]{en it is wanted, several times before it ia destroyed.
iadsing the hectograph method, the chart is drawn on paper
Wlth special hect,ograph ink. This Ch&l‘t is transferred to a
- gelatine pad simply by moistening the surisce of the pad a.nd
placing the drawing face down upon it. Then papers placed in

contact with the pad receive duplicates of the original. Colored

~ heetograph drawing inks are available. This_method is simple
tisfactory when less than one

~and inexpensive and is very )

Ehibic 2914 is an example of the kind of reproduction that can be made
with a “line eut,” while Exhibit 929 is an example of the kind that can be
made by the hali-tone process. . '

Q.
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‘hundred eopies are wanted. The original, however, can be used
only once if the pad is charged to make many copies. Probably
the most widely used machine of this type is the *“ Ditto.”t

In using either the mimeograph or the hectograph, typewritten
material may be duplicated on the same sheet with the charts.

g

EthP{’lé?é.—-—Fixt-ure with swinging leaves for displaying charts. (Courtesy of
o\ ) Multiplex INsplay Fizture Co.)

¢

g'}(f).t}ler similar methods may be suggested by reference to the

- “advertisements in business magazines. ' '
Lantern Display.—It is often desirable to prescnt a chart of
table to groups in such a manner that various features may be
pointed out directly and discussed. - For this purpose, wall charts
serve very well but they are expensive to make. Lantern slides
.are much cheaper and are very satisfactory for showing charts

to a large number of persons. If the group is small, however,

1 Made by Ditto, Inc., Chicago.
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 the eard records themselves may be presented by means of the
reflectoscope. This method has a distinet advantage over slides,
for smail groups, as it is much less expensive and may be kept up
to date much more easily. If records are kept on 4- by 6-inch

or 4= by 12-inch cards, the very latest information or data on file
may be reflected on the screen for use in meetings such as those

of department heads or boards of directors.
_ Display Fixtures.—If charte are to be of the greatest service,
it is important to have them readily gvailable. Current charts

should not be hidden away in the files but should be where they, »

- may be referred to instantly and with very littte effort. Ofeof

the best methods of handling such charts is t0 mount phem on
display fixtures such as the one illustrated in Exhibit 2285 There
are many makes and types of these fixtures, and many}uggestions
for display will be found by consulting the caj;albgues of the
various fixture companies that adv

S

: www;d.bi'ﬂ_ﬁlibl'éry._mf g.in

ertise in bhginess magazines. -

N\



APPENDIX

TECHNIQUE OF DRAWING AND LETTERING
STATISTICAL CHARTS!

The actusl drawing of statistical charts is not an art which shoulds
be studied only by the comparatively few who intend to becoie-
professional makers of them, but it should be understood byall
lntfarested in business statisties, because of the trajning that it giyes in
quick and accurate reading of data presented i the graphic/language.
A knowledge of statisties] drafting is also helpful in' & nymiber of other
ways. It may be the means of securing a position, since1t is & definite
attainment which the employer can put to imm.ed@at@;‘)ractical use, and
the applicant can show in advance what he cam do. Later, after the

statistical draftsman has worked his way Op\id the department, his
knowledge of drafting will be very helgiutatpifimrin srpenvieing chart
making, and will better enable him to jude the quality of chart work
-whenever and wherever he may be called upon to give an opinion.

From the point of view of making charts of business statistics, this
appendix chapter on the techiigue of chart making is designed to
cover. {1} a description of ql'sﬁéiug instruments and materials and their
uses, and (2) hand and r’u@h'anical letiering. - :

DRAWING EQUIPMENT AND ITS USE

In laying out’ahd drawing charts, various kinds of drafting instru-
<o these instruments in a correct and

ments are uﬁij:f The ability to use
efficient m@nher is quite necessary if one is to be an expert chart maker .

or & gaodieritio of chart work. _

In(the selection of drawing equipinent, one should obtain the best
thatjean be afforded, for suceess in charting depends to a considerable
exteént upon the quality of the instruments and materials used. Inferior
equipment is an annoyance, and continudlly distracts attention from

the actual work in progress, while good equipment will, with practice,
d add an environment

'lane the mind free from attention to its use an
which is conducive to high-grade work.

t Credit shcmld be given to Thomas E. Frénch and his’ “Engineering
ts and lettering presented in

Dl:awing" for many of the ideas on instrumen
this appendix. ‘
' 207
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The two requirements in the use of instruments are aceuracy and
speed, and in drawing charts of business statistics one is as important
- as the other, and neither is worth much alone. Accuracy must be
insisted upon at the outset, and speed with greater accuracy comes with
practice. It is natural, however, for the beginner to waste a consider-
able amount of time because of the strangeness of his instruments
and overcarefulness, so the requirement of speed must receive early
attention. _ |

The following list includes the instruments and materials necessaLy
for ordinary work in graphie presentation of business statistics.

[

' 4 '\. \Q

LisT oF INSTRUMENTS AND MATERIALS “ )
Bet of drawing instruments in case, Lettering pens and Rr;n]:inlders (as-
including compasses with needle .  sorted sizes). <y

peint, pen, pencil, and lengthening Lettering guidesy ")

har; dividers; bow instruments;
and ruling pens.
Drawing bhoard.

2H and 5H defiing pencils.
Att gum, erhders, and erasing shield.

Thumb tﬁ\kh
T-square. Paperd ¢
45 and 30-60 degree triangles. Othér) equipment which may be
French or irvegribie bﬁﬂ%%bﬁﬂﬁb&ﬁfg‘m:ﬁnﬂuded is mentioned in the
curves. o+, description. Instrument deslers’
and manufacturery’ catalogues will

Statistician’s seale (12 ineh). O _
oW furnish additionzal suggestions.!

Percentage protractor.

~

Charting Paper.—Selection of drawing paper depends upon the use to
which it is to be putand the personal taste of the individual, but
in general it is bedt 46 avoid poor grades. A good paper should be
strong, of uniforgithickness and surface, shouid stretch evenly and lie
amooth, and allaw considerable erasing without gpoiling the surface._
Cream, buff{ }iild green papers are much easier on the eyes than white
paper, bub (ordinarily white paper should be used if the charts are to

- be reproduced by any kind of photographic process. For most busi-
nes‘&,.gr\aphic work, many of the less expensive papers are quite sabis-
fastory if they take ink and color well and stand s reasonable amount

ol eresing.  Bond and ledger papers are also used to a considerable
‘extent in chart making,2 - '

If the ehart is to be reproduced by the blueprint or related metho_ds,
the drawing is made on translucent tracing cloth or paper. Tracing

~cloth is usually preferred to tracing paper because it is ‘more satis-

__ *Bee especially the catelogues of Theo. Alteneder & Sons, Philadelphia;.
Kenffel & Esser Co., New York; and Eugene Dietzgen Co., New York.

* Detailed descriptions of drawing paper with sizes and prices are given’
in eatalogues of dealers in engineers’ and draftemen’s supplies. :
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factory to work upon, more translucent, and more durable. It is
a fine cloth freated with a starch preparation, One side is glossy and
the other is dull. Either may be used but most draftsmen prefer the
dull side. Care should be taken to protect tracing cloth from moisture
 as the starch preparation is highly soluble in water." -

- Pencils.—Lead pencils are graded aceording to their hardness which
is expressed by numbers with the letter H.? Personsl preferences vary,
but for general use in statistical charting a 3H, 4H, or 5H peneil, sharp-
ened to & long conical point, is the most satisfactory. " A softer pencil,
9H or H, should be provided also for lettering. The chisel or wedge
point is preferred by some for hard peneils, as it does not wear away oy
fast a5 the conical point. . Peneils may be sharpened to long coniegl\and

e

Exmrr 224.—Uae of d}';*grﬁa’g board and T-square. .

wedge points by removiné f,]ﬁe ‘_iw.*ood' with & knife and sharﬁng the
lead on sandpaper. Special\pencil sharpeners aré also provided for.
the draftemen who cmxt%)u ) them. —o .

The Drawing Board.—~Drawing boards snd ‘drawing table tops are

usually made of wellséasoned, clear white pine cleated at the ends to

prevent warping (Bishibit 224). The ends should be perfect}y straight
in order that/$he’ T-square can be used acourately, Drawing bosrds
of 4, 5, otfadre feet in length are often made in the form of a table.
An adjustable drawing table is fllustrated in Exhibit 225.

Papdriis fastened to the drawing board by means of thumb tacks.

188 gut X than the drawing to be made and should be placed on
o o with the aid ¢, and the tacks should

$hie' board squarely, with the aid of the T-square, :
be pushed in up to the head so that the T gguare will not be cbstructed.

18ee p. 206 for further information on blueprinting. - _

2 Pencils commonly used are harder as the pumber increases, and are
graded from H to OH. Very soft pencils are grade.d b;_f their mftness which
is designated by the letter B and & number which increases as the lead
betomes softer. Thus (according to Keuffel & Esser Co:) from soft to hard
they are 6B, 5B, 4B, 3B, BB, B, T, ‘HB, H, HH, 3H, 4H, 5H, _6]5[, ‘7H, 8H,
and OH. Different corpanies, however, vary it the use of this system.
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The T-Square.—T-squares are usually made of hard wood, the hetter
grades- having the edges of the blades lined with ebony or cellyloid. .
They are used principally for drawing parallel lines horizontally and
for keeping the triangle in position for drawing other lines. Horizontal
lines should always be drawn from left to right, and the T-square should

NN |

Exmeir 225.—Adjustable drawing table. Ztﬂb‘c;rteay of Keuffel & Esser Co.)
wwiw.dbraulibrary.org.in

always be used from the left edge 'Of:the drawing board (Exhibit 224), -

as the edges are sefdom'paraﬂql',orf at right angles to each other.!
Triangles.~—Triangles are magé of various substances, but transparent

celluloid is the most popu\la?r.' Vertical and sloping lines are drawn by _

X\ ”mb %W//ﬁﬁx _

Exwisrr 226.— [se of trianglea,

setting the triangle against the T-square and drawing from hottom to
top, as illustrated in Exhibit 226. Various sizes are made, but a G- or”
7-inch triangle will be found canvenient for most chart work, especially
when 834- by 11-inch paper is used.  As celluloid triangles warp easily,
care should be taken that they lie flat or are hung up when.not in use.

_ *This would be reversed for a left-handed man, who would draw from right
to left and use the T-square on the right edge of the board. e
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Irregular Curves and Flexible Rulers—French or irregular curves

.- and ship curves are made of several kinds of material, but transparent
" celluloid is the most satisiactory. They are laid out in combinations of
spirals, ellipses, and other curves such as will closely approximate those
‘commonly used in practice, A emoothed curve is drawn on a statistical
chart by first locating ail the pointe in the series, and then so placing
the irregular curve that it coincides with several of them. Tt is shifted
from one position to another as the curve is drawn. 1t is usually best to ,
sketch through the points a freehand pencil curve that is satisfactory
to the eye, and then apply the irregular curve, selecting a part thatovilk
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Examir 227.—'[15;3:){ French curve. {See catalogues of msment housges for

. 5 illustrations of other curves.)
most nea-fit a portion Gf the line (Bxhibit 227). This very important
that the,draftsman indicate in advance on his chart the points where
the.purvature changes. He should then be careful o reverse his curve

8 sdch points.  Also it is impertant to select the right type of curve
for the problem at hand and to shift this eurve so a3 to get a long fit
rather than a short one. When a fit has been obtained, the curve
should be used only in its central portion, or portion of best fit, and then

it should be shifted and a new fit obtained. -

Flexible rylers consist of & ruling edge combined with a soft bar of
lead which holds any. curve %o which the ruler is bent. They are used -
‘in much the same marmner as irTegular curves. They can be adjusted,
however, to fit a much larger portion of the curve that is being drawn.

Sometimes, as in drawing & very irfegular smoothed curve, time will

be saved by making a special templet out of thin cardboard, This is
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done first' by sketching a freehand curve in pencil through the plotied
points, Then the curve is transferred by earbon paper to a sheet of
light cardboard. The cardboard is then cut as smoothly as possible
along the curve with a pair of sharp scissors, and the curve is further
smoothed with a file or sandpaper. When the thin cardboard is backed-
with a piece of heavy cardboard so that it allows the curve edge of the
templet, to project slightly, it is ready to be used as a guide in inking in
the curve on the finished chart. Guides of this type were used il{.
inking in the curves in Exhibit 171 on page 161.

. Scales.—Statistician’s scales are made especially for layjagy oub |
-statistical charts. The one shown in Exhibit 228 has four-diffefent
séales: (1) one in ordinary English rule divisions—sixteenths of an
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Fixuterr 228.—A 12-inch statistician's soAle  (Courtesy of Theo. Alteneder & Sons., -

inch; (2) one in decimal partsqu"a:n inch; (3) one in centimeters; al{d
(4) one logarithmic. Thus/s, seale is furnished for making logarithmic
graduations, and there is athoice of three units for making various mess-
urements, laying off F’@ceﬁ, or dividing a given distance into a certain
number of equal paits. The scale illustrated has the advantage of
having all the scaleshecessary for chart making in a small and compact
form, but it mugt’be tilted in order to bring the edge of the scale into
contact witkOthe paper. This scale is made of plain boxwood or box-
wood with ‘White celluloid edges.! :
Th@&re two kinds of engineer’s scales in common use—known
a8 the\“engineer's scale” of decimal parts and the “architect’s scale”
LOEproportional feet and inches, They are made in triangular form and
\2lso in sets of flat shapes, In chart making these scales are quite widely
used, especially by those who have had engineering training. '
After the proportions and size of the chart have been determined;
a convenient method of using a scale in dividing a given space into any
rumber of equal parts is shown in Exhibit 2294. The game principle

Seale Number 2735 of Theo. Alteneder & Sons, Philadelphia, Pa. A
Inangular scale with logarithmie graduations is made by Keuffel & Esser, .

New York. Special scales for statisticiang can be made to order by scale
© manufgeturers. '
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scale (Exhibit 220B). If in such .
line twice the length of the
and each logarithmic

* applies to the use of the logarithmie
a case the logarithmic scale is too short, &
S(fal‘e ¢éan be laid out hetween the limiting lines,
division doubled xs it is laid out along this line. .

g ¢ - .
ExmisrT 229.— A, Arithmetic division of a given spwel B, Logarithmic di_v_isin
_ of a m@\ﬁﬂﬂéﬁ'aﬁhbtary,org,in '

Another method which is
seale, and which may be used
shown in Exhibit 230. Suppose! :
AB logarithmieslly from 1 t0. 10 with the scale CD.  Place the scale
D a reasonable distance from the line AB ‘and perfectly parallel with
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it. Locste as many points along CD as are wanted on AB, Draw
the lines BD and AC and produce them until they intersect at E.
Then lines drawn from E through the points laid off between ¢ and D
will locate the logarithmic gradustions on the line AB. This method, .
of course, can be used for logarithmic spacing of a distance either greater
or Jess than the length of the seale used. S

A convenient method for dividing space as, for instance, in laying
out & bar chart where the spaces between the bars are not the same
as the widths of the bars, is shown in Exhibit 231. With the dividers- .
or scale simply lay out the spaces in convenient uuits of {he right .
proportions on a strip, of paper .
somewhat longer than{the space t0
] be divided, and ys¢’the strip a8
llustrated in Exhibit 231.

N o

2z

|

Examrr 281.—Irregular divi@n of Exmmir 232.-—A percentage protractor
a line or space. 7\ (Cowrtesy of Fugene Dietzgen Company.)

Protractors.—A\protractor (Exhibit 232) is a necessity in laying
out “pie charts A The common protractor is a semicircle of 180
degrees, but g™miore convenient form for pie charting is the percentage
brotractor_fmade on a basis of 100 parts in a circle. With this form
the readifig) ¢an be made directly from the scale in percentage terms,
which&s\ensier and quicker than reading proportional degrees. -

Compasses and Dividers.—Compasses and dividers arc usually .

ifichuded in sets of various combinations with a special case, These
gombpinations vary according to the line of work and means of the uset; -
but should contain at least a pair of compasses with pen, pencil, and
lengthening bar, & pair of dividers, and & ruling pen. It is advisable
to have an instrument case, for it protects the instruments when they
are not in use, and it is a convenience when handling the tools, as each
one hag its special place. -

The best instruments are made of German silver and steel, whieh
combine good wearing qualities with ease in keeping clean. The
cheaper class is made of hrass, which tarnishes easily and is generally*"
unsatisfactory. ~ All modern high-grade compasses and dividers are
made with seme form of pivot joint, which allows ample mevement

£
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of the legs, and at the same time prevents thé_joiﬁt-frbm becoming loose
from wearing, which frequently happens with tongue and pin joints.

Ove leg of the compasses is fitted with a needle poin, and the other -

may be fitted with sither & pencil or a -pen by
means of a shank and socket (Exhibit 233). With
most instruments the needle is separato and has a
square shoulder, on one or both.ends, from which &
minute point projects, Before compasses are used,
this needle point should be adjusted by attaehing
the pen (Exhibit 234). The needle shiould be képt
in this position and the lead, sharpened to a\fine
wedge or long bevel edge, should be adjustedyto it.
This will allow the interchanging of pert #nrd pencil
without adjusting the needle points NV :
When a circle is drawn, theeornpasses, held
loosely between the thumb gnsi\fbreﬁngm, should

Only a Light pressure- is naeessary. In order that
both nibs of the \pmmimghg@mr and only

A B ¢ 2NO

Exwrs1T 253> ExamiT 234.—
A, Compsassean (B, mie,::illst.me.x_ﬁ'i_r of the
needle point.

Lengthening\bar. C,
Pen. (Courtesy of
. T-'“?O-_ Altenoder &
Song )N

)

£ \ W X

a\small center hole be made, it ia necessary that the pen and nee!:]le
be nearly perpendicular to the paper; this i secomplished by bending

N

Exurerr 235, Hair-spring dividers. (Courtesy of Theo. Alteneder & Sons.)

the legs at the knee joijxfs. For drawing circles larger than the spread

of the compasses, the lengthening bar (Exhibit 2338) is insert.ed_

between the leg socket and the pen of pencil.

the pen and- setting tbe needle a frifie longer thaps

be inclined slightly in the '@réction of revolution.

\
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Dividers (Exhibit 235) are used for laying off distances, either from

measurements or from other parts of the drawing, and for dividing

-, lines into equal parts. When laying off equal distances the dividers

should be turned in opposite directions each time, in order that the
instrument can be operated readily with one hand. :

B f
“— —_of

. D
Exmsir 236.—Division of a lir{w}}b dividers.

“Hair-spring” dividers are equi ed mth a serew adjustment in one
leg for mal;:fﬁgﬁ’n%bgé%lj%g? r@)ﬁ%&tfon instruments are made which
may be used as either compasgses or dividers simply by interchanging .
the pen or pencil point with a neadle point. o
A convenient method for dividing a line into any number of parts 18
ilustrated by Exhibit 236N To divide line AB into, for instance,
five equal parts, draw ghyline BC, and on it step off with the dividers:

\\

<K
EXsmrr 237.—Propertional dividers, {Courtesy of Keuffdl & FKsser (o)

4 "ﬁv.\é convenient lengths, From C, the last point, draw = line tO.A- &
Then draw lines parallel to 4¢ through the points on BC, intersecting -
the line AB, which will be divided thereby into five equal parts. 7
angle and T-square may be used as illustrated for drawing parallel lines.
. Another form of dividers, ordinarily not included in sets, is the
proportional dividers (Exhibit 237) which are used for enlarging of -
reducing charts in any proportion, The subdivisions marked “lin?s” )
are for linear proportions, while those marked “circles” are for dividing -
into any number of equal parts a circle whose diameter is measured

by the large end.
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. The bow instruments are used as adjuncts to the compasses and

dividers and have their special field of usefulness in making circles

. and spaces which are so small that it is difficalt to make them with
the large instruments. A st of three spring bow instruments includes
a pair of bow dividers or spacers, & bow penell, and » bow pen (Exhibit
-+ 238). Since it holds its adjustment, the bow pen is almost indispens-
able in duplicating a large number of small circles.
The drop pen (Hxhibit 239), with which small circles can be made

much faster than with the ordinary bow pen, is of particular con-

venience in making statistical maps in which small eircles or large dots

ate wsed. ¥t is held with the needle point atationary and the pémy’

~ revolving around it. \
N

e
3

Exmmrr 238 Row Hatraments, (Courteny of Theo. Alieneder & Sons.)
A X

Ruling Pens)>Ruling pens are made m a number of forms, but all

consist of & handle bearing two spring nibs which bave a thumbsecrew

adjustméntfor regulating the width of live (Exhibit 2

(Exhibib 240B) have a device shich-allows, the blades to be opensd for

cledning, independently of the thumbserew. For large work a very
Syaluable pen is the form known a8 the detall pen {Exhibit 2400').'

Such forms of special pens as the dotting pen, curve pen, and railroad

pen are of value occasionally in
- Tequired in ordinary work. The dotting per may be used
several distinet curves on a charb; it will make several different kinds of

dotted or - dashed lines gu : .

eurve pen. is made with a swivel for curve drawing, and the railroad pen
is used for making double lines. . - '

. The ruling pen is filled by plaging the ink between . .
common steel pen or with the quill filler or dropper that is provided

40). Some forms’ '

ceessfully when carefully handled. The

the nibs with &

Q)
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with most drawing inks. The ink should fill the pen to a height of

from 2{g to 14 inch depending upon the size of the pen; if too much is

used, its weight will cause it to run out upon the drawing. The width
of the line is varied by changing the distance between
the pen points with the thumbserew. :

The ruling per is never used freehand, but always
with a guiding edge. It should be held with the blades
parallel to the edge, the handle slightly inelined in the
direetion of motion, and in a plane which passes throfizh
. the line perpendicularly to the paper (Exhibit 241),

Ink will dry rapidly in the point of the pen‘when it
is adjusted for fine lines, and may refuse o flow after
the pen has remained idle for & few seconds: If gently
pinching the nibs or touching the poiut on the back

~of the hand does not start the flow,\tlie pen should be
cleaned and filled with fresh ink,~When one is through.
using & pen it should be wiped eléah, becsuse & dirty pen
will not draw clean-cut lines’and ink left in the pen will
corrode the gteel blades (E%ibit 242), o
w7 DR Y MY B itnpérfect because of the fault of
¥ the pen, the ink, the.'pai)er, or the draftsman. Exhibit
Exmmrr 239, 243 shows several gaytmon faults for which the draftsman
Drop pen. i8 to blame, ’ '
%ﬁﬁf‘jﬁm &dg{ ) If a pen hag ?)ecome worn or is too shat:p. or unever,
& Sons.) 1t can befput in proper condition by grinding on 4n.
_ oilstone{ \The points should be given first the proper
shape (Exhibit 244 by screwing them together and drawing
them ' back andforth over the stone. Then the pen should be.
opened slightlg”;and the ouiside of each blade ground by giving
the pen a rU{kiDg motion at a small angle with the stone. One must be -

g .

Exmzrr 240.—Ruling peng,

(Courtesy of Theo. Alteneder & Sons.)

careful not to alter the shape of the points or o grind them too sharp.
They should be sharp enough to draw a fine hair line, but not sharp
enough to cut the paper. If a burr is formed on the inside, it may b€

i




APPENDIX .~ . 220

removed by touching it lightly upon the stone, but the inside of the
blades should never be ground. B :

— 6

) -"_’l'

Exmmsrr 243.— (lorrect position for  FXETBIT 242 —Pen blade corroded by,
using ling pen. : inlc. RAY,
%N

. Ink.—Watcrproof India ink is generally used for chart makidg, 8s it
leaves & perranent black line. 1t 1s composed of finely divided carbon
held in suspension, with shellac added to make it waterpreof. Non-
- waterproof ink flows morc freely, but is nob popular begause it smucdges

Guige shpped mio wel iiné Ragged z’qaﬁ‘mm dirty pen

ik on outside of pen, ran dnder Ww‘é&:"w&b"m_@mﬁ quik

Pon o0 cose o quide. Ik ran unce: “NTB

Regged I, Pen stped amay from quite Yo Crked e From using high guice Yz
' ExHIBIT 243.—B€gi.u‘ners’ cominon faulte in ruling lines. '
very easily. A bloter should never be used on drawing ink, 2 it
removes part of the Aayer of carbon and leaves & very weak line.
Black drawing ink can be secured in sticks, but the more convenient
liquid form,~f@rnished in bottles eqiipped with 2 quill 4
f(_)l' ﬁﬂjng\blie pen,ls commonly used- Ahapdy ink bOt.ﬂe I
h"lder.ai\_d\ pen filler, which ‘ean be opersted readily with
one Kand, is illustrated in Exbibit 245. . - _- :
“Whon not in use, ink bottles should be kept tightly
tarked to keep the nk from thickening and dryig W0 pxwinic
' fDI'awir_lg ink must not be sllowed 0 L—Cox -
rozen it is useless. . -~ : oot
Waterproof drawing inks sre"also made it 8 variety foeioe T
of colors. - As colored inks are thipner than _Ind_la
ink, they flow more readily - when used in & ruling pen.
Erasers.—Although but' little erasing should be necessary, a
ink eraser should be provided for erasing errors in lines or letbers.

In using erasers, care wmust be taken nob to damage the paper Of the

s Den oo full Not enoigh 1K~

freeze, 88 ONGE z44.—Cor-

&
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surrounding work, Eraging shields, usaally made of thin metal, a.re
used to protect the work around the erasure,which is made through one.
of the slits. '
Drawings are cleaned by rubbing them
with a piece of art gum or sponge rubber, _.
However, a finished drawing should not’
be scrubbed all over with art pium o'
rubber, as it takes the life out of the inked-
lines. W
Tinting,—The usual method of tinti@
i is to apply light washes of water colors.
e M) with a camel’s hair or sable bfushs As
Examrr 245,—A handy ink. Ped sable brushes sre not. aﬁecte_d__ .by'.f
bottle holder and pen filer, water, they are better fordthis work thaP g
éﬁg?ﬁw o Theo. Alieneder & camel's hair brushes, Syhich lose their-
’ elasticity after beingd®et. These brushes
are commonly fitted with long handies, whigh\may be mad¢ more-
-convenient for some work by being cut dminfto a length of about

7 inches. Three brushes of convenient{size for
ordinary” char, sorkistashewmidn Ebibic 246.
Brushes should be cleaned after each time they are
used, and should not he allowed tolstand with the
weight of the handle on the haird®
After the drawing has beeti\inked and cleaned,
the part to be tinted showld be gone over with a
wash of clear water i{}@rder that the color may
spread evenly. A o6IMef color is then led with o
brush over the surfk. After the surface has been
covered, the bryshrshould be wiped out and used to
pick up the extess color.  The tints should be mixed
as light waghey in shallow dishes, Deep colors can
be obtainédiby repetition of the washes, Oneshould
see thit\the wagh is thoroughly mixed and that it
is noBtoo thick.
o (Colored inks may be diluted and used in the same
\ ¥ay as water color washes. _
' Craypns are handy to use and, if they are care- -
fully applied, good effects may be produced. They Exprare 246 .
. 8hould be applied very lightly with a flag point and Water color brushes -
with parallel strokes. Depth of color should be '_fuuf ;je;,;g%-"
secured by repetition of strokes—not by pressure ;?;f 30,) e g
which makes it impossible to get an even color. L
Various line or dot effects can be secirgd hy placing the drawine -
+ over different kinds of irregular surfaces, such as book bindings, and"
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then rubbing with crayons. Some erayon work- can be evened by
smudging with a cloth over the end of the finger, but usually this
provess takes the life out of the color. Work done in soft crayon may
be made permanent by spraying a shellac fixative over it with an-
atomizer. - . o : ' :
Shading.—In eross-hatching shades on har charts, belt charts, and
maps, the mechunically spaced rule, commonly called the section liner,
is & valuable aid. This is especially true when the system illustrated
in Exhibit 210 on page 194 is used. . The section liner can be adjusted
for various spacings, and the ruling edge is moved from ane space to
another by pressing a small lever. Only the better grades of section
liners are recormmended for such shading as that in Exhibit 210, ag thel)
spacing devices must be bighly accurate and dependsble. « W
A makeshift section liner, which is very satisfactory when(skillfully
uted, can be made with a T-square, a triangle, and @ ¢oin  which
is somewhat smaller than the hole in the triangle. . The T-square is
fastened to the drawing board with thumb tacks. The triangle is
set against the T-square in the usual manner, 'ami\ﬂne ‘coin is placed
in the hole in the triangle to control the distande that it can be moye(-l.
With the fingers on the triangle and,&he, thavdh I%Q]}l colin?i r‘t;he coin i
moved as far as it will go; then, while, the“coin is cld Gecurely, the
triangle is shiffed as far as it will go, andso on. For dense cross-hatch-
ing, a coin only slightly smaller than the hole in the triangle would be
used, For sparser hatching, 3 gmialler coin would be used, which would
allow a greater movement of ghe triangle. C - . -
When the shading problem’ is simply one of differentiating areas—

that is, when the differefit shades themselves do not represent statisjsical '
magnitudes, the airdtush method is very satisfactory and efﬁelf:nt.
Black or eolored idky or washes can be sprayed on a chart very rap1dly
and smoothly sith'results not possible in hand work. The air brush is
especially ugefl in making up. charts where special artistic effects are
desired, snch'as in connection with window displays or popular advertis-
Ang ethhits, . - ' )
White lettering or lines may be made 0 show through air-brush
~éhading by drawing them in rubber cement before the sir-brush work is
dofie.  After the shading is completed, the sement iz removed, care being
taken not o rub the adjoining inked areas too much. Rubber'cement
can likewise be used to protect areas from ink when other than air-brush

methods are used. : ]

Optical Tlusions.—In cross-hatching or ghading aress it must be
recognized that one must contend with certain optical illosions. Occa-
sionally these illusions spoil the effect of the entire chart. Some of the
most common are Nustrated in Exhibit 247. Note that in A the patt

of the bar shaded with horizontal lines appears to be narrower than the
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tracer, penecil, and pivot in 5 straight line. Any adjustment of the bars:
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parts shaded with vertical lines. In B the part of the bar shaded m?
. black appears to be narrower than the white parts. In both 4 and B
~ the sides of the hars are perfectly straight and paraliel. In ¢ the first
and second bars appear to be closer together at the ends than in the
“" . middle, and the second and third appear to:

be farthest apart at the ends while, as a
matter of fact, the three bars are periectly’
parallel. L
Copying Devices.—A convenient devige for
copying charts on heavy paper is the glass
copying board or table. It is so madgthat
} natural or artificial light passes thiough the
glass from below and the opaque lines
letters can he distinguished~ehsily from the;
more transtucent parts,. $Ihe better forms;4
consist of a plate-glassdapwover a ground glasy’
which evenly distributes the light furnished
rom underneath Byrelectric lamps mounted:
";' o ‘ over a bright reﬁkctor {Exhibit 248). Thl:;;1
wyy dbraulibrdeviea jsiwalughle also in eomparing differen ¥
Bt Mﬁﬁ#ﬂu' chﬁjt‘sﬂ‘glfy silpéﬁmposing one over the other.;
. A 3
: As an emleFgency substitute, a chart may bﬂ
clipped to the drawing paper and held up to the light against & window.
For transferring the outling¥of s chart, earbon paper can he uSB!L:
provided the original is U0t too stiff. The chart and drawing papet;;
with the carbon sheet, Getween, are so tacked down that one will 104
‘move upon the otheriand the lines are traced with & small round poinit. s

b

EXm1sIT 248.—Clase board for copying and comparing charts. (From ™ End¥
nesring Drawing” by Thomas E. French.)

A method similay to this is transferring by pricking, in which the Cm
is laid over the paper and pricked through with a needle point, turnitg:;
the chart back frequently and connecting points, ' g

Charts can be reduced or enlarged in any proportion by means of the
pantograph. It consists of 5 parallelogram of four bars having.
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in eopformity with this arrangement will copy in frue proportion. A
gmple wooden form is inexpensive and accurate enough for most chart
drawing, but bebter work can be done with the finely constructed,
suspended pantograph. ' ' _
Mounting and Adhesives.—There is no single method of mounting
that can be used for all cases. Different purposes and materials require
different adhesives and handling. - . ’ .

A very satisfactory adhesive for temporary mounting in general chart
work is liquid rubber cement. It does ‘not warp the paper, and any
excess may be tubbed off the chart with the finger or an eraser, leaving,

the paper clean. Paper mounted with this cement is held securely)

but may be pulled off without tearing, as the cement is not 50 s’c.rpn,g\as
paper. As different kinds of cement vary widely, care should be.jaken,
-Wl‘leh rubber cement is purchased for use on paper, to select that which
sticks well and is light in color. ‘Special rubber cementg-for mounting

paper may be obtained from stationery dealers.

provided for repairing automobile inner tubes are s@q‘ satisfactory for
mounting paper. These cements may be spread'@_th the finger or with
a brush and should be applied freely over the paitive su
which then should be pressed firrly-into Placeuli-sirpRess joint can be
m?-de, however, by coating both suriaces and letting them dry a few
minytes before pressing them togethier. - Where great strength is
desired, as in joining paper With a small lap, rubber cements are nob
practical, and for permanent m@lnting they are unsatisfactory, as they
lose their adhesive qualities with age. _ S -

If paper is stretched oAdbdrawing bosrd and the edges fastened with
glue, ancther paper can\be mounted on it with thin photographic paste
or fiquid glue withoufwarping. The pépers must, however, be allow
to dry thorough} {betore being cut from the bosrd. If loose papers are
stuck together-with paste or giue, _
can be smogthed out reasonably well with & hot iron. -

There, are two common methods of mounting
mounting and cold maunting, Hot mounting can be done much more
rapidly’ than cold mounting and for this Teason is generally used- To.
hobvinount a chart, first stretch the cloth tightly over & cloth-govered
board snd fasten it securely with tacks. Then cover the ba.r{k of the
chart with & thin hot photographic paste of liguid glue, brushing from
the center outward. Have & bot iron ready and press the chart down

upon the eloth, working rapidly from the center toward the edges. As
uck, r the tacks and raise the cloth to let

800n as the edges are stuck, remove

out the steam. Iron on the chart gide until dry. f the iron is used on
the eloth side, the steam formed will eause blisters. Cold mounting is
~ done in the same way, except that cold paste and & photographic print

roller are used, instead of hot paste and an iron, and the chart is ailowed to

SomdJands of cement

rface of the paper, -

thiey will warp; but sometimes they

paper on cloth—hot :

~



. almost ag:y consistent siyle of plain, neat lettering is acceptable it ;

' amo‘nE artists and craftsmen but is not practical or appropriate for
) busmess charts. :
’are the *Commercial (lothie,” and the “Modern Roman’ of 8-
‘modifications (Exhibit 249). In mechanical lettering both skyles 5

are used. In hand lettering the style used chiefly is a modified form of

. method, but the large size are usually drawn with the aid of drawing >
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dry thoroughly before the tacks are removed. Paste and glue work weI! B
in both methods, but glue breaks the more easily if the chart is folded.
‘Ordinary adheswe tape is very convenient for such purposes as
temporarily mounting & chart on a wall where tacks cannot be used. .
Bome draftsmen use it to fasten paper to the drawing board. Many
other uses for adhesive tape will suggest themselves if a roll is kept”
readily available. S

LETTERING 0\

Lettering is closely related to drawing but is not part of iE\Itis s
separate and distinet subject, eovering the making and usp. S Tetters of |
various accepted styles and sizes. Letters may be made either by hand
or mechanically. Hand lettering is the process of making them by the

frechand single stroke method or by the.
OLD F@MAN method of drawing .tifewt with the aid of .
. drafting. . instrumentg\MMechanical lettering
RQma_n IOWEI'C&SB involves the use” Qf mechanieal equipment
such as the prlbblng press or the typewnﬁel' E
MODERN ROMAN A® far as appearance is concerned, there B |
www.dbraulibiér patlg oh a“chart more important than the: :
@Mm{ lettermg‘ A good drawing may be ruined b}'.—":
poor<on careless lettering, not only in appesl-
anoe, but in its efiect, as any evidence of °

e Acarelessness or lack of skill tends to destroy.
the d?i’}f:z;:n%sgtylei i‘?‘; Pg:\conﬁdence in the work. -.
ters commonly used by 1Wo fundamental requirements, which any
printers. (Oply “the method of lettering used in graphic presents-.
ﬂ:&iﬁ;ﬁggg used on 4o of business statistics must posscss, are

legibility and speed. If it has these quahtleﬁ, ;

COMMERCIAL GOTHIC

the oﬁ«émary course of chart work. Ornate lettering has its plac&--

" Styles of Letters.—The most common styles of letters used in Gha'rm.lg :

Commercial Gothie. o
Hand Lettenng —There are two general divisions of hand ]ettermg”
freeband single stroke or written letters, and drawn or built-up letters: :
Small Commercial Gothie are made by the frechand single stroke

instruments.. Both large and smali Roman are commonly made i
outline and filled in, 3



APPENDIX = o 236

. Lettering Instruments.—Many different kinds of .steel writing pens
are used for lettering. Exhibit 250 shows geveral pens which are widely
used for making letters under %4 inch high. _The size of pen to be used
depends upon the width of line desired for the lettering. The pen
should be'sclected which will make the desired width without spreading
the point. Fine pens should not have points go sharp that they wil

B
i

&Y

*

l www,TJr:‘aillibl ry.dl'g.in

Exawmrr 250.—Lettering pens, "EC'Wrzséy of Bugene Didzgen Co.)
seratch the paper, and for this reason lithographie pens are nob well
adapted for chart letteri :, “New pens are covered with a very thin
film of oil which should¥e removed before they are used, by wetting and

wiping dry. Steel pens-may be inked by dipping them into the bottle,:
but many considdr §t better to fill theri. with the ink-bottle quill or 2

dropper. Tt ga rauch iuk i used, it has & tendency £0 THO where

strokes are joised in the letters (Exhibit 251). v y
Lett'eﬁng‘i’gfﬁ should be given as good care a3 F- H Kw xch
other insttuments, for a well-broken-in pen. 15 Exemyr 251-—T00 PR
. ore waluable than a new one. The ordinery
oot/ grip penholder is commonly used, though
are furnished to suit personal preferences.
. A very popular form of special per for making letters from 4 te
214 inches high is the Payzant pen (Exbibit 252). Uniform lines can
- be made easily with' this peﬁ, ag it is eonstructed 0 produce the same

width and density of line, no matter in what direction the pen is moved
bt ] which make lines from

over the paper. It is obtainable in eleven sizes, W
0.012't0 0.2 of an inch wide, as illustrated in Exhibit 252. The Payzant
pen is filled by placing the ink in the reservoir with a quill or dropper. It
should never be dipped into the ink, When the pen becomes clogged,

various other kinds,
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the flow can be started by inserting a piece of stiff paper between th
nibs as illustrated in Exhibit 252 (bottom pen). Strokes made with

Payzant pen have rounded ends, and if a better finish is desired, shary
corners may be added with a fine steél pen. |

No.ow. vy dbrdulibrdry.orgin™ 8 & & & % &
Exnreer 252.—Payzant letteringwpens. (Courtesy of Keugffad & Hsser (o)
Letters larger than 234 inphéé high, such as those used In titles of _vr‘raﬁ

charts, are best made by outlining with drawing instruments and ﬁ_]_lmg

in, but fair letters may be made much more quickly by using a brush
£ a pen such as the automatic marking pen

N, “(Exhibit 253). When the automatic marking

pen is used, care should he taken to see ﬁhﬂft_

the letters are correctly shaped. This pen 18

made in various sizes for lines from 1{ ¢ to 4 inch

in width. Tt should always be filled with a qui
or dropper and never by dipping it into the ink
A convenience for making guide lines is the

Braddock lettering triangle. The pencil point

\ i Wl is inserted through one of the holes, and theline 8

&  drawn by sliding the triangle along the T-squsre

I - or other straight edge. The numbers Of’the-
Exmsir 253 —Auto- 001UMDS of holes express the heights of capltf‘ls
metic marking pens. in thirty-seconds of an inch. Vertical or slanting

Eﬁiﬁ?ﬁf Co:))f Hugens guide lines may also be drawn with this insbro-

ment by using it as an ordinary triangle. Sever®
other lettering triangles similar to the Braddock are made by ingtrument

manufacturers, T
After one has studied lettering and knows what sizes to use and how

the letters and lines should be spaced, the lettering guide illustrated 12
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“

Exhibit 254 is a very satisfactory aid in making accurate forms.? The
lettering on the chart in Exhibit 6 (page 13) is an example of the work -
that can be done with the aid of this device. A good pen to use with
sll except the smallest guides is the Payzani flfustrated in Exhibit 252.
The special pen shown in Exhibit 254, however, is preferred by many
and ig esgential if one is using the smaller guides. _

S a o
Gass
Exmmrr 254 Wrieo lettering guide. (Carlesy of Wool-Regan Instrument
- o) o o

General Proportions.—There 48, ho standard proportional relation
of width to height in lettef§\ When space for lettering is short,
COMPRESSED LETTERS, whichsate very narrow in width .as compared
fo height, are used. WhEA it is desired to spread a short title
over a long space, BXTENDED LETTERS, which are very wide
i proportion to$héb height, are used. Tbe most legible and stable
_ 8bpearance of Apitals is secured by making the width about seven-
" eighths of the. Keight (except I, M, and W) Letters'also vary in the

thickness ;\\f\’s‘t'mke in proportion to height. Those with heavy strokes

are known,as “bold face™ and those with narrow strokes as “light face”

lottopg, B} R i

Ta\making letters one must eontend with certain optical illusions.
Reund letters, such as C, O, or Q, will appear to be smaller th{m square
letters, such as E, F, or %, if they are made exactly the same In height.
This is true aluo of lebters such as A and ¥ which would appear to be too

short at the pointed ends. In order o give the appearance of equal

!'The guide illﬁstmted inl Exhibit 254 is man_ufactqrad_ by Wood-Regan
Instrument, Co., 154 Nassau Street, New York, and distributed by Eugene

Dietzgen Co., New York. Descriptions of other guides may be found in the

catalogues of drafting instrument manufacturers and distributors.
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* heights, the round or pointed ends of letbers should be extended a littls
over the guide lines which limit the letters that have square ends. If
letters such as E, H, or § are to look well-proportioned, their top and

- . bottom halves should appear to be equal, This effcet can be secured

only by making the letters slightly narrower at the top than at the;
bottom and drawing the center lines slightly above the middle. The
illugion referred to will be quite evident if any printed page is turtied
upside down and the letter S observed. The point must be emphasized,
“however, that the corrections for these illusions are very small ahd\that-
overdoing them is worse than overlooking them, SO\ _
. Freehand Single Stroke Lettering.—The term ““single steoke ™ means
that the width of a single stroke is the width of line used, inmakiog the
letter, and “frechand”” means that no guiding instruméntdjare employed
and the pen is used as in writing. Freehand ig the lettering most:
o commonly used oh statistical charts,
] and a knowledge of its const.ruct.icn,_
' is very /mgeessary for anyone who
i mak%%em. The ability to letter
welh bafn be acquired by anyone who'
sraflibraryor g Jigs “normal control of his fingers,
: o Owho will practice faithfully, and Wh‘?"_
ExemIT  255—Guide lines 41 will phserve carefully the shapes of
lettering, R\ . ' .

. “\"  the letters. There is no direct rels-

tion between one’s lettertls snd his handwriting. Many good letterers:
write very poorly. o)
In lettering, the peil should be held lightly, as in writing, and the,
strokes drawn with a uniform motion, with a light, even pressure on the ;
paper. The #troke should be complete in itself and should not be
sketched ir{ O Tetraced. The nibs of the pen should not spread. If"
heavier, ll:n} 18 wanted, a coarser pen should be used. Horizontal guldB.‘.-j
lines should always be penciled in as an aid in making the tops fmd "
botfams of the letters even and straight (Exhibit 255). Other lin
3y be ruled in at random to aid in making strokes vertically or 3t
“\\eertain slant (Exhibit 255). The letters may be made directly in lflk
" but penciling is necessary in composition or laying out Symmetr}cal
titles. Vertical sirokes are always made downward, and horizont
strokes from left to right, L F
Vertical Single Stroke Capitals.—The forms of these letters must be.
very carefully observed and should be made exactly as shown I
Exhibit 256. The letters are afl made the same in width except M, Wi
~and L. The figures (excepting 1) may be made the same in width %
the capital letters, but usually the effect is better if they are ma@f‘ﬁ
slightly narrower, In height the figures are made the same 33 ﬂm%

frrf

=
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. capltal letters. Cross lines ate drawn slightly ‘above the center, except.
*in4, G, 4, and 9, in which they are a little below. -The similarity in the--

- proportions of the letters B, B, ¥, H, J, L, P, R, and U is brought out
by Exhibit 257, which shows how they would look if supenmposed one

ABCDEFGHI
JKLMNOPQR
STUVVVXYZ&
1234567,

Exerp1T 256.—Vertical single gtroke capitale. (From “Enm ng memg by
Thomas B. French.)

upon the other. The sides of the Jetter M shoyld appear to be parallel,
-and not sloping as in an inverted W. WKW?WQWW@ obgserve
in making the letters B, D, P, and R 13' that the tops and bottoms are

Exarsrr 257—B, E, T, H, X I\P ‘R, Enrmn- 258-—-6 9, and 0 superim-
and T supe:ri.mposed\ posed.
The backbones of the 6 and the 9

made mainly of honz@ntal strokes.
er. Exhlblt 958 shows these three

have the same ourye as the ciph
figures Sﬂpenmmeed

o) B e defe ghi) kIm
NoP qﬂf‘*sfu VW XYY Z

EXBiprT 259 Vertical lower cage. (From ™ Engineering Drawing™ by Thomas E.
- French.) - :
Vertical Lower Case.~-The alphabet of vertical lower case letters is
made as shown in Exhibit 259. These letters are all of the same width
except the seven letbers f, 1, J, I, m, ¥, and w. The bodies are made two-
E ﬂm‘ds of the height of capﬁ.a]s w1th the ascending stems reaching the
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cap guide line and the descending stems reaching the same dist_aﬁ
below (Exhibit 260). The circle and parts of it combined with straigh

Hdg.

ExHIRIT 260.—Pr6p0rtions of letters. ExmiBIT261.—a,b, ¢, d. e, £ h 0,0, b

_ q,T,1,a8ndy qupenmposed B
lines form the basis of the letters a, b, ¢, d, ¢, g, h,n, 0, p, q, I, 4, anc[}.'_ \_
These fourteen letiters are shown superimposed in Ixhibit 261

VAT LA NN

'X’Y'*VAFKMM*lW?
OQLCGEOVU
JPREBEEEE S
06@2457&%:

Exmmerr 262 —Indmed capitals. (From ‘' Engineering Drawing” by Thomas E
N\ \ . French.)

Inc].med \Cﬂpltals ~—The inclined or slanting alphabet shown in {
Exhlb\262 is eagier to make than the vertical, as a slight difference in
inclination is not apparent; while a slight tendency _
from the true vertical is very noticeable. The ineli- 5_
nation is generally made from 60 to 70 degrees frof
the horizontal. Special triangles are made for dra®w-

i ing these slope Lines. Particular attention must be_

given to the inclined A4, V, and W, in that & slopg. __

Slti:)iﬂr?frr ini?.i?:;;(—l line drawn through the point of the letter Shmir" :

A, V, and W. biseot: the angle made by the two sides of the Ieber

(Exhibit 263). The discussion of sizes and Pre. |

portwns in the preceding paragraph on vertical capitals applies equslly ’é
well to the inelined capitals,

Inclined Lower Case.—The inelined lower case letters (Exhibit 264) ‘*

are founded upon the straaght line and the ellipse instead of the alrelo’ ]
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In other respects they are proportioned the same as in.the vertieal = ' -
' system. ' " U
- Common Errors to Be Avoided.—Some common errars t6 be avoided
in both capital and lower case letters are i]ll_mﬁ'rated in Exhibit 265, -
' Large Commercial Gothic.—The preeeding deséription of letter
making has covered only the freehand single stroke method of making
'~ the Commercial Gothic style of lettering. For large, eareful work. thie -
. letters are outlined and filled in (Exhibit 266). -In inkiﬁg-'ti peneciled - -
_ autline, the ink should not extend outside the pencil line or the letéer *\

abcederfghijkle
nopgrstuvwxyz

ExBBIT 264,—Inclined lower case.. (From “Eﬂginem?fig_%;aw{ﬂg” by Thomas -
: E. French.) N e

will be made heavier than was intéfidedd bt btvaringrhint is fo be -
read from a distance, brushes or Payzant #nd automatic marking pens. -
sometimes are used. Such lettering will stand close inspection when
made by a very skillful workman™ " oo T
‘Hdndmade Modern Roman<The Roman is the most familiar of all"-
styles of lettering, as it sdd ‘its modifiestions are generslly used in
. Present-day printing, I%Js, however, a difficult lettering to make, and
- tan'be mastered only By very careful attention to-the details of forms

and proportions, %

L O™BMN 244 af ggn

ExamiT 265, —Common el'l'Dl‘E L . :
- Bxact rules for the formation of these letters are. 'q_f__]jttle valuo, 25
 BUceess in making them depends upon the judgment of vhe dradtsman.
“The %0 widihs of lines, which were originally the upstroke and down-
- 8ioke of a flexible reed pen, must be arranged in the right order JER
| bad ervor g, shade a Roman letter wrongly. The seriphs aé t}_?e:_e;_rda .
- Of the strokes are very important parts of & letter, so far as.appears lfe -
B foneerned, A seriph should be joined by a shofb curve, and not by,

/A angular line, Roman letters are ususily _mgde i _-_{?1113]11_’9 elth e
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. frechand or mth mstmments depénding upon the size, and then are
filled in.t "~ -

- mechanieally. If letters are spaced at equal distances along the guid

Spacing.—Definite rules for spacing letters cannot be laid dmm
because of the varying propertions of the letters. An appearanes
uniferrs spacing is » matter of artistic judgment, and cannot be gain

Hnes, there will appear to be more space between letters such as AT ox

G- than between letters with parallel sides such as HN, To give the

a.ppearame of -equal spaemg the minimum spacing should be used ig’ ‘

E) QC\) eEDj \l | :i ;' W

o~ S‘i"h combmauons ag AT, AV LY, or TJ, whereas the maximum spacing

i\ /j/ABC DEF GH
PYILJKLMNOP
MAQRSTUVW
XYZ 12345

789 0x%&

Exmrr\{sﬁ —-Outhned letters for large careful work. {From “ Brgineering
) Dmmﬂa " by Phomas E. French.)

\ W

Stiould be used in straight side combinations such as HE, NU, or TR
Beginners often make letters too narrow for their height, or space ther” :
too far apart. Crowding, however, should also be carefully avoided.

Spacing between words varies with the effect desired, but it shotl
always allow the words to be read easily. In ordinary work the spac®
should appear to be about one to one and one-fourth times the W"ldth
of the average letter used. .

1 For further information see Thomas E French and William D Turﬂb“]i”‘
“Lessons in Lettering,” McG:raw Hill Book Company, Inc., New York, 192



- T4 is very important to allow ample space between Hnég if the werk.
#to beread easily. This space should be from one-half tojone.and ene-
half times the height of the capitals. A crowded appesrasioe will resalt .
if insufficient space is left between lines. A AR
It laying out a symmetrical title for a chartit usually ishest to balance -
#on a vertical center line. Theé letters and spaces in the tithe ave counted . -
and then sketebed in peneil, beginning each line with its middle letter - - -
at the center line. (Proper allowances shotld be made, of colrse, for <
the effects of M, W, and 1) B TS
Mechanical Lettering.—The term “* mechanical lettering” is intended

to include all methods in which the letter is produced, not by beingiA

built up each time, as in hand lettering, but by some ‘already produged” -
letter form which may be used over and over agsin. The ferm:is
broader than printing (with type) ak it includes such methods as stencil- -
ing and the use of cut-out letters. B ~< e
The Drafting-room Printing Press.—~Small hand gribiing presses .
are made especially for printing on charts and drawings,* Any’ kind-of .
ordinary lettering work ean be done muchl-betteﬁl\d faster ‘on these . -
Dresses than it can be done by the average dfafisman. The presses
are simple in construction and req‘ﬁﬁ'@" 5@‘}@}1'61&11@1'&-3{!1111“; for.
efficient, operation. ' . ‘o R - R o
~ Rubber Stamps.—Rubber stamps can-be used for making reaSpna,_bIY.'_ :
'ga?d lettering, provided they are usedslﬂﬂf'-‘]ly and with the right kmd -
of ink.. A uniform impression cambe Made with & large'stamp by ustg
% simple, inexpensive, rubheh. %ype printing. press; By tsing the .-
“Stamp-o-graph process,” apadue, smear-proof lettefs can be.stamped:
on tracing cloth, ‘ L\ . L S .
Pasting on Printed JFiles.— Very good results can e obtained, in -
ma]ﬂng charts thataré4o be reproduced by a Phbtogf?’Pl;m Process; b3_’:_ A
Pasting on titles/fhat have been set up and printed by the ‘ordinary
Drinting proces§.) ‘Several titles can be set up and printed together ab &
Small expeng@\" They can then be cut apart and mounted in'the proper
Positions om the charts, Tf the edges of the printed sirips are paioted
¥ith Cfitnese white, they will not show when they. are photographied, |
304 the Tetters will appear to be printed direetly ot the chart ~ . .
Cut-out Letters.—Gummed lotters, cut out.of-black or colored paper,
are made for getting up titles. A great manyfgivm‘-‘e-f‘.”ms of .these
letbers are o, ¢ sare should b taken to select forms that
06k likcg oot e market, and care should b 15t any welksupplied
St&tioner;m;lted letters. They may be purchgse@__& any WEETERTT
atore, : Co e T D e e
_Typewriter Lettering,—The typewriter o Wmet’mesbe used .
Zovessfully in makﬁesﬁmm Kinds of small charts (see Exhibit 501

' 1 .-‘ . .
L Bugene Dietagen Co., New York. - 7
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. page 11). There are not, however, enough differences in sizes of type
. on an ordinary typewriter to give the lettering the right proportions
.. for the various titles, captions, keys, and references usually placed on

graphic work. This situation may be improved somewhat by using

:special machines, such as the “Hammond Multiplex,” or by using two

- or more machines with different sizes of type. Letters can be typed

in various colors, without changing the ribbon, by using colored carbon

Ppapers. _ : : I\
N\
O .
N ;
N 2

) . . 3 >
www.dbraulibrary.org.in W
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Bars, blocking in, 33 )
circles, or dots on maps, 174-175
component, errors in use of, 53

and curves, in component time
charts, 97-100
in time series comparisons, 62,
79-82

designation of, 30, 33

in frequency graphs, 140-142

horizontal, 24-26, 30, 32-33, 35,
37, 4445, 60

incorrect on logarithmic scale,

. 115, 119

Pictorial componentas, 48

showing geographical distribution
of gizes, 177

sizes at geographie points, 172

used in making eomparisons, 18-
19, 22 - ’

vertical, 26

‘Baseline on logarithmic chart, 115
Base year, 1279w, dbraulibrary. orgi in "

© Bead ping, 203 PR

wires, 203 -
Besds, 198 N
Beef, retail dollar, 44 ’

in the United Sta.t,es ({stnbutmn
of, 197 +&
variation in ret. roes for, 48

Beginners’ faultsdin ruling lines, 229

Bell-shaped cu.rve, 148n,

Bell system;™plant and equipment,
101 N

Belt hart 100, 101, 104

Ben-&y sha.dmg 213

B;tUmmous coal (see Coal)

¢ Blue—lme prints, 207

W

“\“Blueprinting, 206209

equipment, 207, 208

machine, 208
Bold face letters, 237
Border lines, 14~16, 137-138
Bosten automobile show, chart, 143
Bosten Chamber of Cummeme, 108
Bow dividers, 227

penail, 227
Braddock lettering triangle, 236

~ Breaks i m chaits, 64, 135

BUSINESS STATISTICS'-

Briggs system of logarithms, 1071»:
108n.

Brinton, W. C., 150,

Broken and continuous frequency
series, 139-140 s

Broken curve, 71-74, 92, 140—142
147

Brown-line prints, 207 ;

Brushes, 230 .\' b

Bul]dmg activity, 87

Building cycles in seven sec'rmons of
the United States, 163

Building permits compared with
total popu]atum Los Angelcs,
133 o

Built-up lctters, 934

Business, grap'hlc charts in, 15 ;

Business‘ednditions, gencral, 122

Businésg failures, 36, 53 :

Buamess statistics, summary of

wrules for graphic presentation,.

1834-138

£
=

C

Canada’s immigration, 44
Candy consumption, 58
Capitals, 238-240

Caption for vertical scale, 63
Carbon paper, 232

Card index system with pin map.

204-205
Card records, standardized, 11
Celluloid tacks, 201 ’
Cement, rubber, 231, 233
Center of gravity, 165, 166, 187
Chaddock, Robert E., 133n.
Chalk, powdcred, 206
Charting, accuracy in, 12
cumulative figures, 95
paper, 218-219

Charts, of aceidents, 77
“aids to memory, 2

" in analysis, 2, 4
appearance of, 16
arithmetic {ime, 55-106
bar charts, 17-54
elock, 77

combmatlon size and rate, 129‘13I




- Circles, 19, 20

INDEX

Charl;s, component, 43—52 106 --
eontinuous, §, 11
correlation, 162-164-
cost studics, 3
drawing and lettering of, 217- 244
enlarging, &

" . of financial statistics, 4
finished, 6,8
frequency, 139-156
geographice, 172-205
graphie, in business, 1-5, 15
of labor statisties, 4
logarithmic, 107-131, 133-138
map, 172-205
pictorial, 14, 16, 43, 56-59
planning, 6-16
popularizing, 18

purpose of, 67
gtandardization of, 11
tabular data on, 12, 31-82, 77-—78
time, pictorial component, 102
of time gerics, 5660 .
titles of, 12-14
working, 6-9, 13, 70
Checking list, for curves, 138
forgimple compansons ol size, 54 N\
Chicago Tribune, 40 . ¢
- Chinese white, 211 o)

i
Chronological order 36 \\" '
on maps, 174-175 / i

to show sizes ‘éﬂs geographlc

N

) points, 175 t\“
- Circular areag, 1920, 173-174
. Citieg, ten &t in U.B., 21

Class mterva]s, 142-146
Cleveland “T'rust Co., 194
_Clpekphart, 77
Clothcovered tacks, 201 _
Coal, anthracite, cost of mining, 48
bxtummous, 61 72, 87, 104 ’
distribution, 98 -
~ on hand, 67
-~ mihe operation, 105 .-
mines in West Virginia, 152
production, 57, 87 -
supply at mdustna.l plants, 180—
181

o7

Codex Book Co., 111n. |
Coefficient of correlation, 161n.
Cold momnting; 233
Co]lect_lon manager, 3
Color, in ¢harts, 16, 106
in eomponent pa.rts, 52-53
inks, 230
in pie chart sectors, 41, 44—45
reproduction, 16 -
in statistical mapping, 196-197
Column diagram, 147-148
Combinstion *less than™ and “mom\ \
than” cumulative frequenca?
curve, 152
Commercial failures, 36, 53‘ X .
Commaercigl Gothis, 1 241 o

_ Comparison, of aggTens es, 18-20,

49-53
of a,nthmetm\amd logarithmie
curvesy 168110, 117 _
broken. a;ad\é&moothed purves im,

Www, dbrsaﬁﬁi'ary org.in

of s@mponent parts, 40 .

gf ‘daga, of unlike time dJBtnbutwn,'
121122 . _

”of dates, 65-138

of differences, 36

of frequency curves, 155 -

of frequency diztributions, ‘158
156 : '

of geugraphmal dlst.nbuuons, 197-
198

of groups of items, 36-37, 82

of .percentage cumulative fre-
quency curves, 156

of percentage digtributions of com-~
ponent parts, 52

of production costs, 33

" of rates of change in {wo or more

varizbles, 116-137
of relative fuectuations or rates of

change, 118
of sales of main store and bmmh

‘etore, 117
of seasonal vaiiations, 11-12

of gize changes in t.une variables, -

79
 of size, p:ctm'm!, 17-18

o

Q)
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Comparison, of sizeg or quantities,
118
of smoothed and hroken ecurves,
92-95
of time periods, 92
of unlike time distributions, 121-
122
of vertical distances on loga-
rithmic chart, 117
Compasses and dividers, 224-225
Component bar charts, 43-52
bars, 48, 53, 98-99, 104-105
charts, 106
Component curves, to show per-
- gentage distribution, 104-105
Component parts, comparison of,
40, 49
of component parts, 49
pictorial, 49-50
Component time charts, 101-106
- based on “pie” diagrams, 101, 102

Correlatlon charis, scales for, 162-
184
Correlation curves, comparison of

168-171 :

Cost of cutting stecl, 169

per size of motor triloks, 165

per width of seam of mining coal

159

Cotton prices, 83, 120 A

and print cloth prices, 120

and wool eonsum ptiongAL 18
Cowden, Dudley I., 133ﬁ
Crayons, 230-231 _ \
Credit manager, 8.3
Cross-hatching)194-2196, 231

of componér;'t parts, 52

on mapsnJ73, 150, 186, 193
Cmsg_cﬁon of tack-map mount,

Croxton, Frederick 1., 43, 133n.

¢ Cumulated frequeney data, 149

pictorial, 108w dbraulibrary. org. inGumulating process, {he, 152

Components, percentage’ relauons,
103 b
of a timg variable, 97—106
Compound interest curves, 170
Compressed letters, 27 '
Concentration pointd, 186
Continuous angd. \t@sken frequency
series, 138<140
Coordinate axes, 61x.
lines; 69, 317 136
paper{ 8 0-10
ing; weight of, 69
Caordinates, polar, 76-77
Capying devices, 232

(\Cords, 198, 203-204

Y 7 Correlation, 86
coefficient of, 161x.
direct, 166167
. graphical, 161n.-162, 166-168
inverse, 166-167 .
mathematieal, 161n.
primary and secondary, 150-162
. spurious, 181xn., 167
type and degree indicated graph-
ieally, 166-168 .
- Correlation charts, 167-171

Cumulative curve, 73, 74 _
Irequency curves, 148, 150—153
Cumulative data, charting, 95, 133—

134
Cunard Steamship Company, 17— 13
Curves, arithmetic, 62-110, 116-
117, 131
and bars, 62, 79-82, 97-100
broken, 71-75, 92-95, 164-165
in comparisons, 81, 92-95, 123
125
component, 104-105
confusion of, 87
correlation, 87, 168
curnulative and non—cumu]atwﬂ,
7374
designating, 86
differentiation of, 85-86, 137
emphasis of, 68, 136
fitting, 165-166
French, 218, 221
frequency 140143, 150-153
historical, 167-158
irreguiar, 221
ogarithmic, 107-131, 153138
number of, 86-88

.

[
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Curves, parallel, 119
position of, 165-166
shading between, 91
shin, 218, 221
- of size changes, 55, 61, 62
smoothed, 71, 73-74, 92-05, 116,
164-165, 221
step, 7475
twonty-four, on one chart, 124
Customer’s condition, 3
Cut-off scale, dangers of, 82
Cut-out letters, 243
 Cuts or plates, 209, 211-213
Cyele on logarithmic.charf, 111

D

Dats, cumulative and non-cumula-
tive, 95, 133-134
distortion of map to show, 192
frequency, cumulated, 149,
irregularities smoothed, 148

240

" Deesignation, of scales, 28-30

of shaded arcas, 100

of towns, branches and agents, 199

of units of time scale, 65
Deviations, standard, 132-133
Diagram, column, 147-148

scatter, 157-158, 167-168
Diameter basis, 19
Dietzgen, Bugene, Co., 218n., 224,

230, 235, 236-237n., 243n. 2\

Differences, comparisons of, 367"\

shown by shading, 95-97 %\ .
Differentiation, of areas, 231 N

of curves, 85-86, 137
Dimension lines, 66 \
Direct correlation ¥see Correlation):
Display, 206-215.)

fixtures, cﬂ&ﬁ
Distortigh{cansed by d).ﬁ'erent scaleﬂ.

89 ¢
Htan192

wwwqimmmﬁﬁh‘?w
methods of representing on maps, Il:strrbutmn, of automobiles, 174,

173, 179-180
souree of, 12
tabular, 12, 31-32, 77-78 4
of unlike time dzst.nbunon, fSl-
122
Dates, eomparison of, 55—1\8
Da,wes, George R., 1339
Day, Edmund E., 133",
Deck, loga.rithmi.c,\’l'll
Degree of corrglation, 161, 166-168
Density, 1
md_lca.ted by dots, 184, 187
by ghadmg 188
oflinear magnitudes, 188, 190
ps, 184-188 _
of street railway traffic, 189, 190
of traffic low, 191
Department of Publie
Chicago, 187
Department siore sales, 123
Dependent, variable, 159
Deposit liabilities of national banks,
Desigration, of bars, 30, 33
of gurves, 86, 137
of months by quarters, 656

~

Works,

176, 184, 192, 193

ff'ofbeef, 197

of dollar of income, 43
of employees by weekly earnings,
145, 149, 150-151
of family income, 48
frequency, 139156
of heat in coal, 49
of hours in the boot and ghoe
indusiry, 156
of male employees by ages, 154
155
of men wage earners, 153
of eales, 30, 45
of textile fibres, 50
of United States exports, 190
Distributions, geographical, 172-205
of aporegates showing their
compenent parts, 182
gomparison of, 197-198
with other factors than area,
192-196
of time variables, 183
Ditto, 214 o
Dividers, 224-2 :
Divigion of & given line, 223—224

Q!
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Division of a given line,
dividers, 228
irregular, of line or space, 224 -
Dollar, how American family spends,
48
of income, 43

with

of sales, 42
tax, 41 :
Dot maps, 174-176, 180, 184-188,

182, 197
Dots, circles or bam on maps, 174—
175
in density maps, 184-185
grouped to show sizes, 176
Double seale arithmetic chart, 84-85
Double time scales, 90
Douglas fir prices, 75
Drafting, statistical, 217
Drawing, board and T-square, 218
219

GRAPHIC METHODS FOR BUSINESS STATISTICS

Encyclopaedia Briiunnica, 17
Engineers’ scales, 222
England and Wales, population of,
74 ' _
Enlargement of charts, 8
Erasers, 218, 220-230
Errors, in bar charting, 32-34
in lettering, 241
in use of component bars, 53.\
in use of instruncnts, 229
in use of shading, 105 O\
Evaporation of gam]j_pe\ cotibent of
crude oil, 162 | \
Export markets formptor trucks, 31
Exports and imgidets of lumber, 105
Exports of au‘mhmblle tires,  UB,

115
Extend% latters, 237
\ & F

eguipmeri, vadhgaulibrary.org.in Fa.llures, commercial, 36, 53

instruments and materials, 2174- %
'“Fa.rms reporting cooperative sales,

218
paper, 206 N f‘
pencils, 218
* table, 220 ~
Drawings, cleaning, 23{1 \
for photograph( ‘zeproduction,
209211

" Drawn or built-ap)letters, 234

O\

Drop pen, 227228
Dun and Bradstreet, 121
Dup].ica,ti;qn, reproduction, and dis-
% ) 206-215
of tracings, 208
i Pont de Nemours, 1, L, & Com-
pany, 93, 06

E

BEastman Kodak Company, 4

Economist (United Kingdom) Index,
129

Educational Exhibition Co., 10
38-39, 111, 172n., 198, 200

Eels, Walter Croshy, 43

Electm railway mileage, distribu-
tion of, 177

Emphssis of lines, 68-69

Farm buildings, value of, 196

182
Parnsworth-Baldwin Company, 3%
Federal Reserve Bank of Ban Fran-

cisco, 99 :
Federal Reserve Banks, tofal loans_

of, 90
Federal Reserve Board, 100
Federal Reserve Bulletin, 116
Figures, pictorial, 23
Financial standing, 3
Fisher, Irving, 109s.

Fixative, 231 :
Fixture for displaying charts, 214~

215
Flags, 198
Flexible rulers (sez Rulers)

Flow maps, 189192
Fluctuation, relative range of; 120
Footnotes for charts, 137
Forecasts, of earnings, 5
indieation of, 8697 o
Forme, complicated, 45 .
geometric, 135
pietorial, 20-24

showing component parts, 48-49
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Forsyith Furniture Company, 37
Freehand single stroke lettering, 238
French, Thomas E., 217n., 232,
230242
Freneh curve, 218, 221
Frequeney charts, 139-156
bar chart, 141
Frequeney curves, 139, 141
cumulative, 150-163
on percentage basis, 155
simple, 160
smoothing of, 146-150
¥requency data cumulsted, 149
Frequency  distributions, compari-
sons of, 153-156 ’
Frequency graphs, 142, 163 -
bars, broken curves and smoothed
curves in, 140-142
class intervals of, 142-146 -
seales for, 142
Frequency polygon, 146
Frequency series, continuous and
broken, 139-140

distinguished from other correla-

_ tive series, 162, 163
Frisbee, Ira N., 1082., 133n.

G . ;( )

Gages, steam, 77 € \ /

water pressure, 77 N ’
General Bleetric Company, 43, 84
Geographical djstnﬁutlon, 197-198
Geographieal ordqr of items, 36
Geometric form$,18-20, 135

in time s, 67
Geometrig\progression, 108, 110
Glass (‘G)pymg board, 232
-GlaBB—hea.ded tacks, 201
(}hlc, 233
Goth.lc, commereisl, 234

large, 241
Gra.ph.lc charts, in advertctsmg, 15

in business, 1-5 (see also Charts)
Graphic methods, necessity for

study of, 5

summary of, 184-137
Graphical eorrelation, 161
QGraphs, frequency, 140-142, 163

251

‘Graphs, historieal, 55-188, 162-163

Grinding of ruling pen, 228
Grouping of dots to show sizes, 176
Groups, comparison of, 36, 82
Guide lines, 30, 31, 34

for lettering, 236, 238

. Guides or boxes, use of, 66

H

Hair-spring dividers, 225

Half-tone cuts, 212 RS M\

Hamilton Manufacturing Com;gany,
78

Hand and mechanical leg.te»mng, 217

Handmade modern Roma.n, 241242

Hardware outlets, 191\

Harverd “B” curve,/69

Hectograph, 213214

Historieal ,éutwés, indicating type
and dégree of correlation, 167

v v dhEuliiasy @Egbing in corre-

letion, 157-158
H}stﬁmal graph, a graph of datea,

,."% 163

\ Historical time series, 55-138
distinguished from other correl-
afive geries, 162-163
Horizontal bars, 24-26, 30, 32-33,
35, 37, 60
incorrest for showing time series,
© 60
and vertical bars compared, 26
and vertical component bars, 44—
45
Horizontal and vertical lettering, 29
Horizontal scale, 64, 69, 139, 162
Hot mounting, 238

I

Imporis of tin plate, 114

Inclined eapitals, 240

Inclined lower ease, 240-241

Independent variable, 159

Indexes of wholesale prices, 121

India ink, 220-230

Indication, graphic, of deg;ree and
type of correlation, 166-168
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Indication, of forecasts, 9697
of points, 166

Industrial employment and pay-
rolls, 160

Indusirial Management, 26, 169

Industrial  production,  United
Btates, indexes of, 88

Ink, 206, 213, 228231, 235

Interest rates during Civil and
‘World War periods, 92

- Internal conditions, charts of, 3

International Harvester Companies’
tack map with eard index sys-
tem, 204

International picture language, 23

Inventory, perpetual, 3

Inverse correlation, 166-167

Investment, total and permanent, 93

Imvestor and Trader, 58

Trregular curves and flexible rulers,

221-222vsww . dbraulibrary .org.in

Irregular division of line, 224
Irregularities smoothed out of data
148 N\

™

ltems, order of, 36, 4243 N\

J
i $
Jerome, Harry, 133n\\
Jlg-saw map, 1794
- Joint, Cumrmttqe on Standards for
Graphic Presentation, 134n.
Juggling of{scales to show rates of
.(ih‘{Qge, 130
» X
O
JKent, Frederick C., 133n.
Keuffel and Euser Co., 111n.. 218n.—
210n., 220, 222, 226, 236
Key or legend, 52, 86
Kilowatt-hour production, 181
King, W. L, 133n.

L

Labor, needed to buy car, 56
statistics, 4

Lag, time, 167
Lantern slides, 214-215
Lay-out, of correlation chart, 163
of scales, 163
of symmetrieal tiile, 243
Legend or key, 52, 86
‘“‘Less than” cumulative frequeney
curve, 151
Lettering, 16, 234244
for charts, 33, 66, 136, 138
eTTOTS in, 241
freehand single stroke, 23%
guide lines for, 218,238
hand, 234 N
importance nf,nE‘z‘filf‘ﬂS, 16
1natrumen’rq-218 285-237
large coththeréial Cothie, 234, 241 .
mechgnical, 243
Modérn Roman, 234
sme\f 13
:étzitcist-ica.l charts, 217244
\ ‘Eypewrit-er, i1
" vertical and horizontal, 29, 41
white, 231
Lettering pens, 218, 235-237
Letters, bold face, 237
compresged, 237
cut-out, 243
extended, 237
freehand, 238
general proportions of, 287
light face, 237
outlined, 242 .
typewriter, 243, 244
Line, of best fit, 163n.
emphasis of, 68, 69
100 per cent, 68
plates, 212
zera, 68
Line charts (see Bar charts)
Line drawings, 212 .
Linear magnitudes, density of; 188, _
190
Lithographic pens, 235
Lithoprint Co., 209x.
Togarithmic charts, 107-138; 17
of five decks, 114
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Logarithmic charts, limiting lines,
136 '
two decks, 113
vertical distances only compared,
117
Logarithmic curves, 107-131, 133-
138, 171 '
and arithmetic curves compared,
108-110, 117
purpoges of, 116
seales for, 108-110
simplicity of, 108
Togarithmic division of a given
space, 223
Logarithmic paper, 111-113
Logarithmie scales, 111, 170, 222-
224
bars on, 115
on corrclation charts, 169-171
for curves, 109110
laying out, 111z.
n¢ base or zero line, 115
test for, 113, 115
vertical, 109, 114, 137-138

Logarithms, Briggs system of, 10774 : _
»" Mills, Trederick C., 133n.

108n. A

. Los Angeles, passenger tl-aﬁic@()W,
189 O
Toss and gain charts, 34, 3&\ )
Lower easc letters, 2392241

Magnitudes\’]i]\n;zir, dengity of, 185,
160 ¢
Map, cabinet, 20k
eordy Use of, 198, 203

\fiaﬁies, 201
arking devices, 201-205
Inount, 200-201
tack system, 198204
Maps, bars on, 172, 174, 177, 180 -
tard index with, 204-205
colors in, 196-197
cross-hatched, 173, 180, 186, 193
density, 184-188
dots on, 174-176, 180, 184-188,
192, 187 o

KA
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Maps, merchandize flow, 191
methods of representing data on.
. 178 -
outline, 172
percentages, 104196
protection against dampnegs, 261
shading on, 193196
gtatistical, 19, 172-2056
wall, 199 : )
washabie, 204

Massachusetts electric companies,

2\

33 .

Materials and supplies in relati@h't()'

consumption in mam u’j‘aeture,
96 . '“'\ 1 3
- Mathematical correlation; 161n.
Mechanieal bar chatts, 38-39, 59
Mechanical Engingertng, 181
Mechanieal le:érm g, 217, 243
Mechanicallwail chart, 38-39
mm&ﬁbaﬂgﬁw% pr, 191
. Metals\uged by Smith Manufactur-
. Xing Company, 27-29
@ ‘Mﬂk, reilroad, for Boston market,
198 '

Mimeograph, 213-214
Mineral products, vahie by states, 25
Modern Roman, 234, 214242
Money of forty-eight nations, 194
s More than” eumulative frequency
curve, 151 y .
Morrison-Bell, Sir. Clive, 178
Motion studies, 4
Motor trucks, export markets for, 31
vehicle produetion, 13
Mounting and adhesives, 233-234
Multiplex Display Fixture Co., 211
N .
Nationdl: Enginser, 49
National - Industrial ~Conference
- Board, 48
National Manufacturing Co., 139
National Map Co., 172h., 198
Neurath, Dr. Otto, 23
New England department store
“pales, 65 :

Q!
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Mew passenger car registrations, 98

New York Stock Exchange, distri-
bution of sales, 103

New York Btock Exchange transac-
tions, 65, 121

Newsprint production, 80-81

Newsprint Service Bureau, 79-81

Non-cumulstive and cumulative se-
ries, 133-134

Non-tumulative curve, 73, 74

Number of curves, 86

0

Oak flooring, 82
Office ‘area and population in Los
Angeles, 128
Offset printing process, 10
Ormnission, of class intervals, 145
in horizontal scale, 69

GRAPHIC METHODS FOR BUSINESS STATISTICS

Paper, tracing, 206

Van Dyke, 207 .
Paris store sales of men’s shoes, 141
Passenger subways, Chicago, 187
Paste, 233
Payment plans, 4
Payzant pens, 235237, 241
Pease, C. F., Co., 208
Peneil plotting, &

Pencils, 215-219 Q
Pens, automatic marking, 236
drop, 227-298 ()

lettering, 218, 350—237 N

lithographie, 235

Payzant, 235, 236

ruling, 227 229\\

steel, 235 )

Percentagenchange bar chart, 35"

distribtgion of capacity of coal

L Jnfines, 104

One hundred persund bivay hbphegiorg. ingfSeomponent, parts, 51, 52

of, 68

Ong, Joe R., 189 -
Optieal 1lluslons 231232, 237- 238”
- Order of items, alphabetlcal 36~ \
) chmnologlcal 36

geographical, 36 \

in pie chart, 4243 {‘\

of size, 36 N\

it time zeale, 80N
Ordinate, cmphamsnf first, 68
Ordinates, 6120\

what theyt\-e’prescrlt, 72
Qutlineglaps, 172
Outlin€d M etters for large careful

work, 242
Overlapping, 104
\ .

; P
Packing house produects, distribu-
tion of, 191

Pantograph, 232-233
Paper, blueprint, 207

charting, 218219

drawing, 206

logarithmic, 112
" production, 79

. offrequency series, 154

O map, 104-196

method, simple, 129-131

protractor, 218, 224

relatives, 6465, 125-129 ]
Percentages and actual sizes in fime

geries, 101-104
Perpetual inventory, 8
Persons per car in the United States,
22

Photographic, paste, 233

reproduction, drawing for, 209
Photostat Corporation, 212
Photostat process, 9, 195n., 211-212
Phrages in titles, 13 '
Pictorial charts (see Charts)
Pictorial comparison of size, 17-18
Pictorial component bar, 48
Pictorial figures (see Figures)
Pictorial forms (see Forms)
Pie charts, 17-54, 4043

coloring or shading, 41
" laying out, 224

on map, 182

pietorial, 42

gector arrangement, 42
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“Pie” dipgrams, in component time
charts, 101-102
Pig iron production, 70
and bark elearings, 132
Pins, 108
Plates, 209, 211-213
zine, 10
Plotted points, position of, 66
Plotting data for unequal time peri-
ods, 67 .
Ples and minus quantities, 71
‘Points plotied, 66 .
. representing observations, 136
Polar eoordinates, 76-77
~Population of Jonesville, growth of;
110 .
per square mile in United States
by counties, 158.
of the United States, growth of, 108
Position of points in relation .fo
vertical lincs, 66 -
of seales and their designations,

29, 142,

of title, 13 N
Positive and negative variations, 7t % )
Pounce, 206 I
Prices, of beef, 46 o)

cotton, 85, 120 N\

of erude petroleum, 78

of Douglas fir, 75 ¢

of stocks, 63-64 126

wheat, 85, 120"

wholesale, 1917124
Primary o6 lation, 159

. Pririciples,of chari planning, 6-16

Pl:in‘gesl’forms, use of, 8
Rringad titles, pasting on, 243
Pridting press, draftsman’s, 243
Printing process, offset, 10 .
Profit and loss charts, 34-35, 45, 47,71
Proportional dividers, 226 "
Proportions of chart, 7 -
Protractor, 218, 22¢ -
Purchasing departments’ charts, 4

Quality of drawing instruments, 217
Quotas of salesmen, 39

255
R

Rail freight traffic, 114
Railroad and motor truck trans-
- portation, 170, 171 .
Railroad stocks, average prices of -
twenty-five, 6364 '
Railway mileage, electric, 177
Rainfall by months, seven sections
of United States, 183
Rainy days and umbrella sales, 15&? \
Rand McNally and Co., ¥72n.,
1987.—109, 201-204 L™

. Ranges, of Auctuation, 128 N

. of three stocks, 91 £°¢/
of variations, SONI1Y

. Rates of change, J0%, 169, 171

commeon unity not necessary in
comparng, 119
ghown \by)juggling scales, 130

i iable, 107-131
= mp"%p?l‘)%’;&ﬁ'es, 116

impdgro or morey:
Raies of growth, 108

“Ratio charts, 107-131

definition of, 109n. - _
Ressons for terminations, 27
Record of sales, 94
Recording devices, 77
Reducing glass, 209 )
Reduetion of drawings, 210, 211
Reference seale, 174 )
Reflectoscope, 215
Relation between a column diagram
and a broken cirve, 147
& smoothed curve, 148
Relation, of population to automo-
biles, 192, 193
between price and
' apples, 166
of vertieal to Liorizontal seales On
eorrelation charts, 164
Relatives, percentage, 125-129
Reports, daily, in graphic form, 3
Reproduetion, duplication, and dis-
play, 206-215

supply of

- Retail Lumberman, pictorial chart, 14

Retail markets in Towa, digtribution
of, 175 -
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Retail sales per capiia, United States,
179
western and northern New York,
: 178
Rexim Co., Inc., 209n.
Riegel, Robert, 133n.
Riggleman, John R., 108x., 133n.
~ Rings, 198
Roman, 234, 241-242
Rorty, M, C,, 74, 167n.
Royal Statistical Society, 66
Ruhber cement, 231, 233
Rubber stamps, 243
Rulers, flexible, 221-222
Rules for graphic presentation,
summary of, 135-137
Rules of practice, 134
Ruling pens, 227229

GRAPHIC METHODS FOR BUSINESS STATISTICS

Scales, reference, on maps, 174
selection, 28
for size comparisons, 83-85
standardization of, 122-123
time, different, 90, 92, 93
units, 69, 71, 119-120 :
vertical logarithmie, 109, 114,
137-138 A
Beales, statistician’s, engmc(‘r 2 and
a.rch1teLt’s 218, 222 ,{ N
Seatter dlagra.ms zmthuges’ of, 168
and historical curyes, STE7-158
indicating typed id  degree of
correlatiohg N67
Beasonal, muﬁ'\mmq i22
variationgh11-12
Second ty eorrelation, 159-160
%Iorace 133n.
Sadtion liner, 231
Semilogarithmic paper, 109, 111-113

8
www.dbraulibrary.or g ‘Bentlnel Canning Company, 7t

Sales, charts, 4 N
distribution of, 30, 45 N .
profit and los.s, a7 N
routes, 204 .

territorics, 204 e\

Salesmen’s quotas, %!S /
Bandow Coal Compsny, 51
Scales, arithmetic, 8385, 108, 110,
115, 1235124, 127, 131, 135, 138
for a.nt}m{etm time charts 62-68
in arithmctic and geometric pro-
ression, 110
ha,r chart, 26—30
cdmplete importance of, 82
correlatmn chart, 164
double arithmetie, 84-85
for frequency gmph.s, 142
in geometric progression, 110
horizontal, 64, 69, 136-139
juggling of, %o show rates of
change, 130
laying ouft, 163
logarithmic, 107-115, 119-131,
135-138, 170, 222-224
percentage, 129131
position of, 29, 137
range, in proportion to, 90

% Beries, continued, use of sepamte
cards for, 904
cumulative and non-cumulative,
133
frequency, 139-140, 162-163
historical, time, 55138, 162, 170
Shading, 206, 231
areas on maps, 194-105
Ben Day, 213
between curves, 91, 104
components, 52-53, 100, 106 .
emphasizing time serics varia-
tions, 72 ’
error in use of, 105
mathematically gradusted, 164
pie chart sectors, 41, 44-45
to show density, 188
to show differences, 95-97
to show percentages, 104196
to show sizes, 180-182
Ship curves, 218
Shipping, allied cargo, 84
Side margins, 14-15
Simple comparisons
apereeates, 17-54

of' zize of
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Simple comparigons of size, for geo-  Standard deviations, 132-133
graphie points or areas, 178-184  Standard Sfatistica Service, 93

* Bimple frequeney curve, 150 Standardization of charts, 11, 89,
Simple frequency data cumulated, 122-123 : )
149 ) : of seales, 122-123

Simple percentage mothod, 120-131  Standardized card records, 11
Simple pictorial time charts, 5769  States in proportion to figures rep-

Bingle siroke letters, 234 . © resented, 181
Bizes, of chart, 7 : Stafistical charts, drafiing, 217
cireular areas to show, 173 drawing and lettering, 217—2:4;4‘\
differences, 108 Statistical maps, 19, 172-205,.3 N
of dots, 185 ) Statistician’s scale, 111, 218,232
order of, in comparing items, 36,38  Btatistics, husiness, sgmmary of -
and percentages in time geries, 101 . ruleg for graphie “presentation
pictorial comparison of, 17-18 134-138 \\
represented by shading, 180182 dependence upany-1
shown on maps, 172, 175-177 Steam gages, 7
Size changes, common unit neces- Steel ingot, preduction, chart of, 60
sary, 39 Steel pens, 235 '
curves of, 61 Stengh duf}licators, 213
in a single variable over a periodwvﬂ&ﬁhﬁi!ﬂ?’%a?%ﬁ@g,in
of time, 56 §tock market, course of, 91
in time variables, 79 ~JBtocks, prices of, 126
Skyseraper of Industry, 24 <%  railroad, average prices of twenty-
Slanting guide lines, 236, 238/ five, 6364
Slide rule, 111, 125z. ~ steel sheets, 121
Slides, lantern, 214 ¢ ¢\J Stopping  distances for moter
Slopes of curves, 116 \\ . " vehicles, 164 )
Smith, Herbert W., Zw.. Styles of letters used, in charting,
Smith Grain Compaty, 34 234
Smith Manuﬂa&’g,uring Company, by printers, 234
27-28 L ¢ Subtitles, 12, 137 .

Bmoothe \s{l?ve 71,7374, 92, 116 Bubways, pagsenger, in Chicago, 18_7
and broken curves, 92-95, 164-165 Suecessful farming, _183
in iféquency graphs, 140-142 Summary of graphic tnethods, 134~
gaethod of drawing, 221 187
fmints where freely smoothed, 148 Sutcliffe, William G., 133n.
Stoothing, of frequency curve, 146~  Swift &'57 Co., 20-21, 44, 46, 191—]92.
. 19

150
of logarithmic curves; 116 System of passenger subways,
- to show tendencies, 156 - Chicago, 187
fipacing, of different parts of a
_ chart, 14 T
© letters, 242-243 -
for years, unequal, 67 - . Tahle, drawing, 220
Square snd circular areas, 19 glass copying, 232

““Stamp-o-graph process,” 243 Tahular data, presenting on charts,
Stamps, rubber, 248 112, 31-82, 7778
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“'Tack maps, 199,202
Tacks for maps, 198, 201-202
Tags, 198
Tariff walls of Furope, 178
Tax dollars, 41 =
Taxes, increasing proportion of
retail gasoline dollar goes for,
101
Telephone office, 76
traffic and operators required, 75
Test for logarithmic seale, 113
Thumb tacks, 218
Time and motion studics, 4
Time charts, arithmetie, scales for,
62-68
bars and curves on, 79
component, 101106
equal spaces represent equal units
of time, 68
horizontal scale in, 64 :

Tracing cloth, and paper, 206
Tractors on farms, 186
Traffic flow, 191
maps, 189-191
Transparenting solutions, 207
Trend line, 158
Triangles, 218, 220, 231
Braddock lettering, 236 .
Trunk lines of the Dell System), 188"
T-square, 215-220, 226, 231,830
Turnbull, William O., 242%, ™
Twenty-four curves qnlpne, chart,
124 A\
Type, of corrglation indicated
graphicall}(,{lﬁﬁ—lﬁS
of frequenengdistributions, 148.
TypewritQ‘ Iattering, 11, 243-244
9. N\l

W U

S 3}

Time curve, a?ﬁth?ﬁl@hﬁ?ﬂlitﬂiﬂry‘or g‘j.ﬁ:mi)rella. sales and rainy days, 158

Time distribution, data of, 121-122 .3

Time lag, 167 . AN
Time periods, different, compatison
of, 92 T
Time scales, deai.gnating'p@ts of, 656
‘different, 92-93 +{)
double, 80 \\ ’

pormal order, SO\
in pictorial,charts, 57-68
‘Time seties, bay charts for, 50-61
correct, for 1 for showing, 60
hietorieal, 55-138 .
metheds of comparing, 126
Jiot historical, 162, 170
L Upictorial charts of, 56-59

\JTime variables, 55-138, 155

chanpes in, 70
components of, 97-100

Tinting, 230

‘Titles, abbreviations incorreet in, 60
centering, 15
for charts, 12-15, 53, 137
importance of, 12, 16
laying out, 243
position and size of, 13-15
printed, 243

\Unequal clasg intervals, 142-143,

153
Tnit width of class, 145 .
United States, exporis of, distzi-
bution of, 190 |
growth of population of, 108
imports and cxperts of, 83, 114~
115
industrial preduction, 88 |
United States Burean of the Census,
188 o
United States Bureau of Foreign and
Domestic Commerce, % 5%
178-179, 190191
United States Bureau of Labor
Statisties, 160 - v
index of wholesalo prices, 120
United States Department of ASH:
culture, 58, 102, 132, 186, 196
United States Department of the -
Interior, 172n.
United States Geological Survey:
61, 105, 181
Units, common, 38
for logarithmic charts, 119-120
for time seale, 65
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University of Denver Bureau of.
_Bu.siness Research, 180
_ Unlike time distributions, 122

v

Van Dyke, 8-9
paper, 207
.V&riables, cormponents of, 97-100
independent, 159
rates of change in two or more,
116117
relationship between two, 169-162
stzc changes in, 56, 79
time, 155
Variations, 46, 72, 90-91
Vertical bars, 24-26
component, 44-45
m frequeney graphs, 140
for time serics, 59-60
Vertical distances,
chart, 117-119
Vertical lottemg, 29

Vertical logarithmie scale, 109, 114, ‘:‘:

137-138
Vertical lower case, 239240 L\
Vertical goale, of arithmetic, @flal'ﬁs
6264 : \"
frequency chart, 142 A\
for logarithmic chaft’s, 137
for pictorial time charts 57-58
Standardwatmu})f 89
for time cuq"\a '62-63, 162-163
Vertlr:al smgle wtroke ca.plta,ls, 238~
30
Veljic,ﬁl{bi‘ slanting guide lines, 236,

238
V&meters, 77

Volumes, 18~19, 21-22, 57
von Huln, R, 43

w
Walker Manufasturing Company, 77
Walker's Department Store, 42
Wall charts, 8-9

_ mechanical, 38-39.
Wall map, large scale, 199

on logarithmic., ) L,
CF. C %ﬂ?{o aQH gba
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Walworth sales, 69

Washable maps, 204

‘Water color brushes, 230

Water pressure gages, 77

Wazx engraving, 212

Webber Construetion Company, 97

- Weight, of ruling, 65

of coordinate riling, 69
Western Electric Company, internal
statistics used by, 4
Wheat, prices of, 85, 121
gales of, 34
Wholesale prices of twenty-four
cum.modxt.les 124 ~,‘
Willys-Oveiland Co., 2@\
Woman's World, 175
Wood-Regan Inst.rument Co., 287
‘Wood mounta:;gstQOO
Wool production, 99
Working charts, 70
f United States ex-

N\
.'\“\
'\

y.org.in

World’s hlghest buﬂdlnga compari-
* gon of, 17
YWorld's Pmductmn of Textile
Fibres, 50 . -

Wrico lettering guide, 237

X
X-axis, 158

Y
Y-axis, 158

“Yule, G. U., 133, 144n., 1498,

Z

Zero line, 2 7—-28 68-69, 135, 138

on atithmetie vertical scale, im-

portance of, 62-84

on curve scales, 1356

on frequency charts, 148

on horizontal scale, 142

none on logarithmic seale, 114-115
Zine etching, 212

plates, 10
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