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AN INDEX OF COMPOSITE PRODUCTIVITY

INTRODUCTION :

During the present period of decline in busi-
ness activity and consequent hardships, many explan-
ations as to the cause of this depression have been
presented to the public. Among others, Technoecracy has
played its part in causing thinking men to study the
situation from all aspects and to attempt forecasts as
to the probable outcome of conditions as they exist to-
day. It is not the purpose of the writers to attempt
any definite proof or refutation of statements made by
the advocates of Technocracy. Statistics which sub-
stantiate the proposals of Technocrats, however, are
meagre in the form in which they are presented. While
the principles of Technocracy are indeed drastic and
of a highly accusing nature with regard to the machine
age in spite of this lack of supporting evidence,
nevertheless, it is generally felt that there is a
definite correlation between business conditions and

the fundamental coﬁﬁ}tions of Technocracy.

PURPQOSE :
It was a desire on the part of the writers

to discover the correlation mentioned above which led



to the study presented on the following pages.
Supporters of Technocracy c¢laim that the advance-
ments in machine production have created a situation
whereby great numbers of vorkers have been discharged
with no possibility of finding other gainful occu-
pations. Such conclusions by this school of thought
have been based on a few outstanding industries which
are, due to their very nature, of a rather startling
character. To a certain degree, such industries
affect conditions as a whole, but a true picture can
be obtained only through a study of basic industries.
To obtain such a pic ture necessitates gathering
statistics as to the number of men employed in an in-
~dustry, the amount produced by that industry, and
finally a ratio of these two. From such a ratio, one
can determine a general trend of output per employee
as affected by mechanical improvements, shorter hours,
and so forth. When such a procedure has been followed
through for the basic industries, a final composite
index can be obtained which might indicate technologic-
al causes as well as the external causes leading up to
the present general conditions. At this point, the
reader may ask the question, "What may be considered

a basic industry ?" Of necessity, one is limited in

his choice due to insufficient data. It has been the



policy of the writers, however, to consider an in-
dustry as basic when the products of that industry
are considered a necessity by the buying public.

As representative of the vast number of industries
which might be called basic, the authors have chosen
the following : wool, automobile, cotton, slaughter-
ing and meat packing, boots and shoes. In addition
to the above list, rubber and steel were included
because other industries which do manufacture pro-
ducts demanded by the public are dependent upon them.
As a matter of convenience, further reference to
these industries will be made by the term "funda-

mental industries”.

RESULTS AND CONCLUSIONS :

The results of the authors' work as above
planned and as outlined in fuller detail on the
following pages are given below:

1. Employment in the fundamental industries,
separately and collectively, has been quite constant.
In most cases over the period 1919 to 1930, when
mechanical improvement was most prevalent there has
been a gradual increase.

2. With regard to production, the same situ-

ation of a gradually increasing trend is to be found,



the slope being slightly greater than the correspond-
ing trend for employment.

3. The final trend of monthly output per
employee has a slope giving about a 1% increase.
This is to be expected when considering results 1.

and 2.

From these results, the following conclusions
may be drawn :

When considering the longer period of 1919 to
1930, advocates of Technocracy have greatly over-
emphasized man's displacement by the machine. Al-
though machine production inereased, the number of
men employed either remained constant or increased.
True it is that production increased at a faster rate,
but not to the extent that manufacturers found it
desirable to reduce the number of employees. Also,
it is the belief of the authors that the rate of in-
erease of monthly unit output per employee was not
sufficiently great to warrant any of the serious
charges made by the believers of Technocracy in
bringing on present conditions. At this point, the
authors are desirous of making absolutely clear that
they do not believe leaders of industry were wise in
pushing production to the capacity reached in 1928 -

1929. Furthermore, the authors are of the opinion



that increased production was due more to increased
size of plant rather than to technological improve-
ments in methods and processes. Whatever tech-
nological improvements were made during this period
did not cause the serious displacement of workers
as claimed by the Technocrats.

Further study of the final figures as shown
graphically in Appendixor ./ has led to the following
conclusions of more minute detail.

1. The output per employee fluctuates, this
fluctuation closely following the business cycle and
business activity.

2. Production is forced nearer to capacity
during the summer months. This is shown by the
decidedly seasonal fluctuations which reach a maximum
during this time of the year, in spite of the fact
that seasonal correction was made in the compilation
of the accompanying data. It is the belief of the
authors that this fluctuation is due to causes now
given :

a. During the warm months, wool manu-
fac turers produce for the demand which will be made
with the advent of cold weather.

b. There is increased automobile pro-

duction during the summer in preparation of the new



models presented to the public in the fall. This
fact is substantiated by noting a similar occun%nce
previous to presentation of the spring models.

¢. Cotton production is comparatively
steady throughout the season.

d. As a large percentage of the rubber
products are absorbed by the automotive industry,
rubber manufacturing would necessarily resemble a
similar cycle of increased production during the
early spring and mid-summer.

e. Slaughtering and meat packing follows
the constant demand and production cyecle.

f. A study of the iron and steel industry
shows that its maximum production and employment
comes during the months of January and February.

This situation is explained by the fact that the in-
dus try depends greatly for its outlet upon building

construction and the railroads. Hence, preparation

is made for the demand which comes during the summer
season.

g. The boot and shoe manufacturers regulate
their production in such a way that a maximum is
reached during the spring and fall in anticipation of

the seasonal demands.

With the exception of the iron and steel in-



dustry, which is outstandingly different in its
time of maximum production and employment, all
fundamental industries follow practically the same
procedure, namely, preparation for seasonal demand.
This fact explains in great part the seasonal
fluctuations noted.

3. The cycle of output per employee takes
a decided slump after the year 1930. This is
probably a result of the reduced working day. Such
a conclusion is all the more plausible when one con-
siders the fact that reductions in employment were
much less drastic than the decrease in unit output.

4. It is the opinion of the authors, follow-
ing their research, that industries in general do not
follow the policy of discharging workers unless forced
into such a step. Instead, output is reduced. A
comparison of data for the depression of lgzlffélthe
data for 1929 only tends to strengthen such a con-
clusion,

5. At the end of their study, the authors
reached two very definite conclusions. First, the need
for complete and accurate data. At present, statistic-
al data are difficult to obtain, and then only in a
very inadequate form. For this reason, the person who

would use statistical data is of necessity limited when



attempting to draw accurate conclusions. Secondly,
that statistics can be made to prove anything pro-
vided assumptions are made. It has been the intent-
iong of the authors throughout this study to make
only those assumptions which were logical and in
keeping with the available information. It is self-
evident, however, that other individuals making other
assumptions would arrive at conclusions far different

from those herein presented.



GENERAL NOTES ON EMPLOYEE PRODUCTIVITY
SERIES

Sources. The employment figures available represent only

a small fractlon of the total number of employees in any

of the fundamental industries included in this study. The
percentage of the tatal varies radically in mést of the series
for the years 1919 through 1924, After this the proportion
of reported to total becomes nearly constant, so that
whatever the fraction reported in 1924 be, regardless of
how far it is from the total, it is assumed to be perfect,
or 100% reported, Corrections made in several of the series
are based on thts fact. For explanation of the methad of
correction see Appendix C-2. Reference to this sedtion

of the Appendix, and further explanation of the corrections
applied to each series will be given in the discussion
attatehed to each of the separate Employee productivity
curves.

Some of the Production figures are in realijy the
consumption by the millg of the raw materials, such as
crude rubber, raw wool, or the like, This fact may intro-
duce a slight lag in the series as buying on price-falls
and subsequent storage may indicate a slightly larger
figure for the month than the true output of finished
product. However, in the long run, over a period of
two or three years this raw material is bound to be turned
intdmanufactured goods, as the industries under this head
are not in the habit of keeping on hand a large inventory
of relatively perishable goods. The trend of productivity
will therefore be a true representation for any year or
so, even 1f any two consecutlive months might lead to
a dlametrically opposite conclusion,

Base Years., In most cases where the authors had to assume

a basge year for thelr indices the average monthly figure for
the years 1923 through 1925 was assumed to be normal and

egual to 100, This was done§ firstly beesause that period

was free from wild booms or depressions, secondly because

it comes near to the middle of the period studied, and third-
ly because the indices which were already computed were either
to this base or to Jan.1923 equalsjoo .

Sedular Trend and Seasonal . The period chosen for the
computation of these factors #as 1919 through 1926. In
order to be able to use the few seasonally corrected series
and the few seasonal factors furnished by the Times Ankalyst
Service, it was necessary to be consistent in the choice of
a period for computation. liost of the AnRalyst seasonalpg are
based on 1919 through 1926




/0

It should be noted by the reader that in the tabulation of
the various series there is a column headed % Actual/Secular.
In some cases this column contalns the true percent of the
gecular, elther more or less than 100%. In other series

the percent is expressed in terms of the difference

between fctual/Secular and 100%. If the ratio &s greater

than 100% there is a plus sign, if less than 200%, a minus
sign,

Duration of Series.

Since the object of this study is to obtain a general
long time trend of the efficlency of employees in the
baslc industries of the country, it would be obviously
misrepresenting the case to base any conclusions ‘on
figurcs carried o¥er into the heart of the depression,
The seriles start in 1919 in order to get the benefit of
the immedadte post war impeths receilved by manufacturing
technical advance. It is extended to the end of 1931,
mainly to be as near up-to-date as possible whthout
ineluding the odd-hour work, the six-hour day and the
five day week which began to take hold in industry early
in 1932. Such reduction of hours when not accompanied by
a corresponding reduction in employees will naturally
make the emplopee productivity fall off far beyond
any representative value, consigteny with the long time
trend which is undoubtedly upwards.
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Employee Productivity series Notes.

Sources.

Data for the Employment series were obtained from the
U.S. Bureau of Labor 8tatistice Bulletin, They represent
the actual number of workers in the combined passenger car
and truck industries. Since the object of the series is to
obtain an index, the employment figures were only taken
to the first four places,

Data for production were obtained from the same bulletin.
They reprecent the actual output of passenger tars and
trucks combined, expressed in hundreds of units.

Seasonals,

The seasonal factors for the employment were computed

" by the authors. The method used was the Reverse First Diff-

erence Process. It is explalined in detail under Appendix
B=l .

Seagonals for the production of autos and trucks wesws s
obtained from the Times AnRalyst Service. They use@ Persjons’
Method of computation,

Index Bases,

The bzge for the 1lndex of both the employment and pro-
duction series was token as the monthly average figure for
the years 1923 through 1925, These were:-

Av,., Mo, Employment 1923-25 =(2856)- 100
Av. Mo. Production 1923%-25 -(3224)- 100

Ad justment of Employment Index.

Using the first-computed Index of Employment as a divisor
the authors found that the curve of Employee-productivity
(Index Prod./Index Emp.) was a very wild and erratic line.

It varied more than 200% from month to month in several
cases, lloreover the trend was downwaepds with 7% slope. This
was evidently very wrong, and in a search for the causes it
was found that the Employment series index figures were to
blama. They wefe far from consistent with any of the annual
employment lndlces computed by various statistical services.
Corrections therefore had to he applied. The method described
under Appendix C-2 was tried first as it taked care of a
situation where the total reported employment is a varying
frattion of the total employed in the industry(as recorded
in the Biennial labor figures of the Department of Commerce)
This method of correction would not work in this case as it
was found that the total annual employment for any one year
as found from the sum of the monthlys was far in excess of

—
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the total supposed employment for the whole industry as
recorded in the biennlal figure.

Therefore the following method of correction was used.

A yearly index of employment wag obtained from the
Federal Reserve Factory Labor Bulletin giving the yearly
Index for the automotive industries. When reduced to an
annual index, the actual data as originally recorded, was
found to be consistent with this index for the years 1924
et seq. Prior to 1924 there was little or no eonsistency.
On the basis of this Fe#teral Reserve findex, it was fel}
wise to reduce the actuals to some valuBs such that the
sum of the monthly actuals for any one year would be a
tatal whose index was consistent with the Fed. Res., Index
for that year,

A reduction factor(Q) for each year was computed as

follows: -

Fed, Res, Index of Total Annual Emp.{base = av. yearly
emp. for 1923-25) dividdd by Total annual actual reduced
to an index(base= av. yearly emp. 1923-25) = (Q)

The monthly indices were then multiplied hy the (Q)
for their year to give the Adjusted Index of Employment.
Results on the Employee- Productivity curve were satisfactory
when this Adjusted Index was used,
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BOOTS AND SHOES

Emplayee Productlvity Series Notes .

SOURCES. Employment data from Bureau of Labor Statistics
Bulletin, expressing actual employment in hundreds of men,

Production expressed as an index of the output of
boots and shoes, as glven in Standard Statistics Annual
Supplement for 1932,

SEASONALS., Employment seasonal computed by the authors by
the Reverse First Difference Process.

Index of Production already corrected for
geasonal,

Index Bases, The Employment index is based on a normah
value of Employment for Jan.1923 (920000) = 100

The average monthly production for the years
1923 through 1925 is the base used by Standard Statistics
for the output index.

The data for the years 1919 and 1920 were unavallable, and
go could not be included in the make=-up of the Composite
Index. The employment figures for the years 1921 through
1924 were so varying in the number of mills reporting that
a correetion had to be applied. Description of the method
of dorrection may be found under Appendix C-2. In the case
of the boot and shoe industry the estimates of the total
annual employment figures for the years between those
reported by the bilennial data of the Department of

Commerce were based on the total production for those
years, relative to the total production for the reported
years, The largest percent of the total which was reported
consistently after 1924 was 44,2%. This is assumed to be
perfect reporting., Data for the adjustment of the employment
geries is given below.

Year Total Total for Ratlo(kX) %{k) Adjusted
Reported Industry Rep./Tot, of 44.2 Actual
1921 58,836 183,502 32.1% T2+6 81,100
1922 67,371 it 92,700
1923 @3,536 285,216 37.1% 83.8 99,600
1924 85,722 (200,000)%* 42,9% 97.0 88, 400
1925 91,395 206,992 44, 2% 100,0 91,395

*Estimated

# Change in number of mills reporting occurred in July 1922,
Correction for 1921 used Jan®%June,correction for 1823 used
Jul .=-Dec,
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BOOTS AND SHOES

R Employment Production
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COTTON

Employee-Productivity Serleg Notes.

SOURCES .Data for employment were obtained from the U.S.
Bureau of Labor Statistles Bulletin. The figures express
the actual number of workers in hundreds. :

The figures indicated as cotton production are
those for the consumption of cotton by the mills. They
are.givén in Index form as compiled by Standard Statistics,
and found in its annual 1932 supplement,page 161,

SEASONALS. Employment seasonal computed by the authors
by the RevePse Filrst Difference Process.

The index of consumption had akready been
corrected for seasonal,

INDEX BASES. In the Employment series the normal monthly
value for Jan. 1923 adjusted to conform to the totals for
the Ilndustry = 2050= 100 was assumed as a base,

In the Production series the base used by
Standard Statistics was the awerage monthly consumptien
for the years 1923-25 inclusive,

ADJUSTMENT OF EMPLOYMENT ACTUALS. The figures for the
employment during the years 1919-24 due to the variation

in the numbers of mills reporting were obviously not
congistent with the later years' figures, Correction was
therefore made according to the method described under
Appendix C-2, using the bilennial figures for the whole
consumption of the industry (published by the Dep't. of
Commerce) as the gulde variable, The maximum percentage of
the whole industry which reported was 43%.2%. This was
congidered to be perfect reporting, and correction was made
using this as the adjustment criterion. The tabulation of
data used in the computation of the Adjusted Actual is given
below.

Year Total Total for Ratio(K) %(K) Ad justed
Reported Industry. Rep./Tot. of 43,2 Actual
1919 50,546 445, 423 11.33% 26,25 192,500
1920 51,087 (445,423)% 11.41% 26,25 194,650
1921 57,228 425,319 13,45% 31.15 183,750
1922 100,290 (465,000)%- 21,50 % 49,50 207,900
1923 181,465 485,784 37 .40% 86,50 209,200
1024 173,708  (415,000) * 41,90% 97 .15 179,000
1925 192,258 445,184 4%,20% 100,00 192,583

*Egtimated on basis of Total domestic consumption(annual).
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COTTON

It should ba noted that these correetion-multipliers as
found in the next to last column of the gbove table are

not applied to one whole year's figures each. The multiplier
is changed when the original data gave evidence that the
number of mills reporting changed. The factors applied

for the periods were as follows:-

Period %(K) Of 43,2 Multiplier *
Jan 1919~ Dec, 1920 26,25 3.81
Jan,1921~ Jul, 1922 31,15 3.21
Aug.1233=- Feb, 1923 49,50 2,02
Mar.1923- Feb, 1924 86,50 1186
llar,1924~ Dec. 1924 97 «10 1,05
Jan 1925 =~==mmen= 100,00 1,00

* The multiplier is the reciprocal of %(K) of 43.2. It
igs found merely as a means of convenience in making
further calculations,

COMPOSITE PRODUCTIVITY SERIES NOTES.

The months Dec,1921 through July 1922 were omitted
from the computation of the composite curve. It was fely®
that these figures were a bit unrepresentative in spite
of the corrections applied as stated above, and inasmuch
as the cotton serlies had a large weight 1in the final
curve compilation, it was deemed wisger to omit this series
and the consequent erroneous vakue which it might lend to
the composite curve if it were included,
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IRON AND STEEL

Employee) Productivity Notes.

SOURCES, Employment figures were obtained from the U.S.
Pureau of Labor Statisties Bulletlin. They expeess the
actual number of men(one place omitted) engaged in the
plg iron trade and the steel mills combined which reported
to the Bureau., '
Production figures represent the actual number
of gross tons output, expressed in thousands, from the
pig iron and steel mills combined. Data for these series
were obtaindd from Standard Statistics,1932 Annual
supplement.

SEASONALS. Employment seasonals were computed by the
authors using the Reverse First Difference Process.

Seasonals for the two production series, pig
iron and steel ingot, were obtained from the Times Analyst
service. They were computed by Pers¥ons' Method,

INDEX BASES. Employment series base- average monthly

employment for years 1923~25 = 100 (-28120 men)
Production base - average monthly combined

output in gross tons for years 1923-25 = 100 (=-6469000)

Ad justment of the employment actuals was fely to be necessary
for the vears 1919 through 1924 because of the variations

in the number of mills turning in reports. These correctilons
were made following the method outlined in Appendlx C-2.
Estimates of the totals for output (yearly) to fit between
the Dbiennial figures published by the Department of Commerce
were based on the total number of blast furnaces in blast
for those years. The maximum percentage of total output
which was included in the reported figures was 32,7%. This
percent was practically constant from the year 1924 on, and
wag agsumed to be perfect reporting.Data for adjustment of
Actuals 1d givén below.

Year Total Total for Ratio(K) %(K) Adjusted
Reported 1Industry _  Rep./Tot. of 32.7 Actual

1919 157,142 858,871 18,3%

1920 172,325 (870,000)% 19,§§ e s
1921 117,210 571,798 20.5% 62,7 187,000
1922 148,775 ( 676,000)* 22.0% 67.3 221,000
1923 229,685 892,660 25 ,7% 786 e
1924 256,350 (830,000%#* 30,8% 94.1 375700
1925 278,555 851,270 32.7% 100.0 278:533

*egtimated



IRON AND STEEL

The number of mills reporting evidently did not changfwith
the end of the callendar year. The period over which corr-
ections were apnlied, and the correcting multipliers aee
as follows;

Period Z(K) of 32.7 Multiplier
Jan 1619=- Dec 1919 56,0 1,787

Jan 1920~ Dec 1620 60.5 1.652

Jan 1921-Apr. 1922 62.7 1595

May 1922~ Dec 1922 6T 3 1.487

Jan 1923 =-Dec 1923 78.6 1.273
Jan 1924~ Dec 1924 94,1 1,062

JAn 1925==—=mamenm 100.0 1.000
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MEAT SLAUGHTERING AND PACKING

Individual Seriles Notes.

SOURCES, Employment figures from the U,S. Bureau of
Labor Statistlics Bulletin. Data expressed in hundreds.

Production Index from Standard Statistics
Annual Supplement for 193%2

SEASONALS., Seasonal for employment computed by the
authors using the Reverse First Difference Process,

Production index hzs already been corrected
for seasonal,

INDEX BASES, The base assumed in the computation of
the index of employment is:
Mlonthly Employment Jan., 1923 - 8207 = 100
The base assumed by Standard Statistics
in their Production index 1is:
Average Monthly Production years 1923-25 = 100

Composite Productivity Series Notes

Due to the fact that data for employment in the leat
Slaughtering and Packing industry is unavallable for
the years 1919-21, the Composite Productivity Index for
these years does not include the Employee-Productivity
geries for this industry for those years. The first
figures available, for the months of July and August
1922, differed so widely from what proved to be a
reasonable value for items in this series on employment
that they were also omitted from the compilation of
the Composite Productivity Index.
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RUBBER

Employee Productivity Series Notes.

SOURCES. Employmant figures for the rubber industry
were obtalined from the Federal Reserve Board Index
of Factory Employment, page 236.

The production figures are those for the
consumption of erude rubber by the manufacturers.
This data was obtained from the Rubber Manufacturers'
Assoclation. The actual number of long tons consumed
by the mills is used,

SEASONALS. Both the employment index and the crude rubber
consumption series had to be corrected for seasonal.

The correction was made by the Reverse First Difference
Process,

INDEX BASES. The Federal Reserve Employment index uses
as a base the average monthly employment for the year
1623 = 100,
The base assumed in the computaticn of
the production index is:
Average monthly consumption of crude rubber for
years 1923%-25 inclusive = 2481 tons =z 100

Composite Productivity Series Notes.

Nothing but yearly figures for the consumption of
crude rubber are ,avallable before the year 1923.
Therefore computtion of an Employee-Productivity series
for this industry was impossible for thgperiod prior
to that time., The Composite Productivity Index series
does not include Rubber for the years 1919-1922 inclusive.
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WOOLEN

Employee Productivity Series Notes.,

SOURCES, Data for employment were obtained from the U.S.
Burreau of Labor Statistics Bulletin. The figures express
the actual total number of workers in woolen and worsted
mills. One place was omitted from the figures to aid the
ease of calculation, '

The figures listed as Actual Production for
the woolen industry represent the to#al consumption of
raw wool by the combined woolen and worsted mills of the
country, in tens of thousands of pounds., Data compiled by
the U.S.Department of Commerce.

SEASONALS. The seasonal factors for both the employment and
productlon serles had to be computed bg the Authors, using
the Reverse First Difference Process, as explained under
Appendix B-1,

INDEX BASES. In both series the base for the index was taken
as the average monthly value for the years 1923-25 inclusive,
In the employment series 7300 = 100,
In the produgtion seriecs 5816 100,

Ad justment of Employment actuals had to be made for the
years 1919-1924 inclusive because of the variance in the
todal number of mills reporting during that period. For
explanation of the methods of coerrection sce Appendix C=-2
alsddiscussion under the “Employee=-Productivity Series
Notes for COTTON. Tabulation of correction data as used
in making the AdJustéed Actuals for 1919-24 appezrs below.

Year Total Total for Ratio(K) %(K) Adjusted
Reported Industry Rep./Tot. of 41.3% Actual
1919 39,601 160,000 . 24,75% 59.9 66,160
1920 36,832 - (160,000)#% 24,75% 59.9 61,525
1921 44,723 162,364 27.55% 66.8 67,000
1922 44,725 (178,000)%%* 25,00% 60.5 80,700
1923 64,233 194,552 *  33%,00% 79 .9 80, 400
1924 64,278  (170,000) ™ 37,80% 91.5 70,300
1925 68,296 165,224 41.30% 100.0 " 68,296

#*gtinmated on the basis of the total wool consumed(average

for the month)in each year, :
* 41 ,3-the percent of total mills(reporting over the period

1925-31 constantly) which is assumed to be perfect reporting.
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YOCLEN

In the case of this industry the number of mills repors-
ing employees seems to have changed consistently with the
end of each year during the period 1919-84 inclueive. The
correction factor is therefore applied to each year. They
are as follows:-

Year " %(K) of 41.3 Multiplier *
1919 5949 167
1920 59 .9 167
1921 66.8 1.50
1922 60.5 1.65
1923 79.9 1,28
1924 91.5 1.09
1925 100.,0 1,00

# Jultiplier is reciprocal of %(K)of 41.3.

Composite-productivity Serles Notes.

The figures for March through July 1922 were unavallahble
so that no computatiens for that period could be made. When
reporting was again pesumed in August, the reporés for the
next two months were so out of line with the rest of the
years that it was felt justifiable to omit from the
compilation of the Composite index the period March-Sept-
ember inclusive 1922,
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APPENDIX A

METHODS OF PROCEDURE :

' The index of Composite Productivify repres-
ents a measure of the relative total monthly output
per worker in fundamental industries. This index
combines the indices of Employee Prdauctivity for
 the separate 'industries included in the study.

The statistical method usedlin the computation of
results may be outlined as follows :

( The first seven steps indicated apply to
each industry separately. For convenience, the
name Industry X will be given to represent any of
the fundamental industries considered).

l., Collect monthly data on physical volume
of output for Industry X (expressed in tons, pounds,
ﬁnits, ete.,)

2. Compute seasonal factors for the actual
monthly data. The seasonals for some of the series
were obtained directly from the Times Analyst. The
other series were computed by the authors with the
Reverse First Difference Process. For explanation of
the process sée Appendix B 1.

3. Multiply each item of the actual data by
the seasonal corresponding to its month, thereby ob-

taining the Corrected Actual. It should be noted that



this is not the usual method of correcting the

actual data for seasonal. The usual method is to

divide the actuel by the product of the corresponding
normal trend value and the seasonal. Adoption of

the simpler method by the authors involves a possible
maximum error of about one percent. For calculations

of this nature precision greater than this was deemed un-
necessary.

4, Reduce the Corrected Actual monthly
figures on physical volume of production in Industry X
to an index, using as a base the production for the
month of January 1923 = 100.

5. Collect the monthly data for actual em- -
ployment in Industry X. Correct it for seasonal and
reduce it to an index, following steps indicated (2,
3,4) above. The base for the employment index is
taken as the average monthly employment for the years
1923 through 1925 = 100.

6. Divide the index of production in Industry
X by the index of employment in Industry X for the
corresponding month. This ratio will be called the
Index of Employee Productivity for X as a matter of
convenience.

7. In the case of some of the industries,

the Index of Employee Productivity had to be corrected.

&8



&9

Reasons, methods, and results of correction are
given with di scussion in Appendix C 2.

8., Determine weights for each index of
Employee Productivity. These weights will be in the
ratio that the total average monthly employment for
the years 1923-25 inclusive for each Industry X bear
in relation to the average total number of employees
in all industries considered. For example, if the
average monthly employment in X during the period
1923~-25 was one-guarter of the average number employed
in all the fundeamental industries 1923-25, then the
weight applied to X would be 0.25. For discussion of
weighing see Appendix B 2.

9. Multiply each index of Employee Productivity
by its proper weight.

10. Add all weighted indices of Employee Pro-
ducti vity, thereby obtaining the finai Index of Com-
posite Productivity.

11. Plot Index of Composite Productivity and
find the secular trend for the period 1919-30 using
the method of least sQuares, datum points to be the
average yearly Index of Composite Produetivity. The
year 1931 was omitted from this trend calculation
because it was felt that it would represent so much

part-time work as to give a distorted idea of the



actual long-time trend.

APPENDIX B 1

Reverse First Different Process for Com-
putation of Seasonal Factors.

l. From actual monthly data compute the
secular trend by the method of least squares, using
as datum points the average monthly data for each
year, period 1919-26 inclusive.

2., Find the ratio actual/trend. Record the
differences (actual/trend - 1) for each month.

3. Find the increase or decrease of the

(actual )
value (trend ~ 1 ) for each month over the simi-
lar value for the previous month.

4, Plot a scatter diagram of those decreases
and increases for each month. From this diagram de-
termine the four middle points as plotted in the range
of each month, and take the arithmetic mean of these
four points. This mean is called the Modified Median.

5. Add the Modified Medians of the months.
If they are correct their sum should be zero. If not,
the sum should be divided by twelve and this quotient
added to each of the monthly values (noting sign) so

that a sum of the corrected modified medians will be

Zero.

70



6. Use as a base January = 100. To ob-
tain the First Chained Difference for February, add
the corrected modified median ( C M M ) for February
to 100. The first chained difference (F C D) for
March will then be F C D February+ C M M March.

And so forth through the year. %When the chaining is
complete ( F C D) December + (C M M) January should
equal 100. This is seldom the case. If not, suppose
that instead of being 100 it equals sene value T.

A correction of T - 100 should be added to every

(F C D) (regardinglgign) thereby bringing the

( FCD) into a complete closed linkage the sum of
whose components equals 1200. This second chained
difference, as it is sometimes called, is really the

seasonal.

APPENDIX B 2

METHOD OF WEIGHTING :

The products made by the Fundamental In-
dustries might be assumed to be of nearly equal im-
portance to the consumer., These industries might
therefore be cons idered as equally influential in
the national labor make-up as well as the national
finanoing activities. However, for the purpose of
balance in the combining of these industrial ratio

series, it is obviously necessary to weight each
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industry in such a mammer that the composite result
will fairly indicate the general average trend of
output per employee for these fundamental industries,
and not be unduly biased by aﬁy single change in

the trends of any single component.

Inasmuch as complete data for all the funda-
mental series was available, or as in some instances,
even though available was so far from what was known
to be a reasonable or representative figure as to
be considered worthless; some system of weighting
was necessary which would permit of the picking up
or dropping off of one or more series whenever the
character of the data warranted it.

The system adopted, therefore, expresses
the weight for each industry at any given point in
the series as a percentage. It is the ratio ex-
pressed in percent of the total number of employees
in that industry to the total number of employees
in those fundamental industries whose data at that
point are sufficiently complete to be included. It
is readily seen that every time a new industry A is
included in the summation, the proportion that the
employees in any other industry B bears to the sum
of all those employees (considered in eligible

series) will change - necessitating a new system of
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weights. The figure for the total employment in
each industry as used in calculating weights, is
assumed to be constant and equal to the average
monthly employment in that industry during the years
1923 through 1925.

APPENDIX C 1

ASSUMPTI ONS AND REASONS :

The figures on employment put out by the
United States Department of Labor and the United
States Department of Commerce as well as those pub-
lished by the various Industrial Institutes do not
purport to be complete. From 19€3 to date these
figures are totals for the employment in a certain
fixed number of mills reporting. In no case is the
actual monthly total figure given for all mills in
any industry. Similarly the data on production
does not give the output of every factory in the
country. They represent the output from a definite
group of mills which is substantially the same for
the years 1923-31. However, inasmuch as the monthly
output per employee is an index rather than a unit
of physical volume, there is no need to have the
percentage of total reported employees equal to the

percen tage of total reported producers. For instance,
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if all the industries reported their output but
if only one-third of them reported employment, and
the output doubled from year to year, it is logical
to believe that for the industry as a whole the in-
dex of output per employee would indicate an increase
of 100%, of course if the one-third reported no in-
crease in employees.

The Index of Employee Productivity does not
represent actually the whole of any one industry.

It is merely considered to do so on the assumption

that what is true for over three-quarters of an

industry will be true for the rest of it.

APPENDIX C 2

ASSUMPTIONS AND REASONS :

For the years prior to 1923 in some industries
the number of mills reporting employees varied to
such a degree that it was necessary for the authors
to correct the ori ginal data to a more useable form,
This was done as indicated below.

Riennial figures for the total employment in
all mills in any industry X were obtained from the
Bureau of Statistics. Figures for the total annual
employment for years between those reported by the

Bureau were estimated by cross-interpolation, using
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the totai annual production in Industry X correspond-
ing to the years desired as a guide-variable. The
sum of the monthly employment (reported for a part
of the mills) in any given year was divided by the
annual total employment for that year. This gave a
ratio between the number of monthly-reported em-
ployees and the total number of employees in the
whole Industry X. After the year 1923, this ratio
became practically constant which indicates that
the number of mills reporting employment thereafter
had become practically fixed. The ratios found for
the years 1919-23 were then taken as a percentage
of the 1923 ratio. This percentage, therefore, ex-
pressed the relationship between the number of em-
ployees actually reported and the number that would
have been reported if all the same mills that were
included in 1923 had been included in the earlier
years. The reciprocal of this percentage was
calculated for each year and was used as a multi-
plier on the monthly data for that year, thus ob-
taining the adjusted monthly data which was assumed
accurate as a basis for further calculations.

The authors feel that this assumption was
justified for five prinecipal reasons:

1. Before the correction the index of

Employee Productivity for the years 1919-23 was ab-



surdly high compared with the values for all other
years.

2. Before the correction the trend of the
index of Employee Productivity for years 1919-23
was steeply downward.

3. Before the correction the trend of the
Employment curve 1919-31 was unreasonably steep up-
ward.

4, After the correction the slope of the
three items above were reduced to more reasonable
terms and the new slope of the index of Employee
Productivity for the period 1919-23 was nearly
identical with the slope of the same curve during
the period 1923-31.

5. Whatever interpolation had to be made
between the biennial total employment figures, was
made on the basis of fluctuation in output for
those years rather than by taking the arithmetic
mean of the values for the two reported years.

Curve No. on Page shows an example of
the results before and after the adjustment in the

employment figures for 1919-23.
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APPENDIX C 3

ASSUMPTIONS AND REASONS

Occasionally a figure in one of the
series for monthly employment or production would
be so completely out of line with the general trend
of the series, as to indicate an error in reporting.
For such cases the authors assumed the error and
omitted the extraordinary figure from the calcula-
tions of the composite. It was felt that there
were better chances of obtaining reliable results
if the suspicious data were left out, a new weigh-

ting being calculated to take care of the omission.

APPENDIX C 4

ASSUNPTIONS AND REASONS

In caleculating the seasonal factors it
was felt unnecessary to include all the years
covered in the research. The years 1919-26 in-
clusive were finally chosen because those seasonal
factors which were obtained from the Times Analyst
had been calculated on this period, and in order to
be consistent in their use, the authors felt that
the same period should be the basis of the calculated

seasonals.
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