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THE CONSTRUCTION OF INDUSTRY
PRODUCTIVITY MEASURES

by:

John L. Carey
Department of Labor

Good morning. | am pleased to be
here today to take part in your annual
meeting. This morning | thought | would
provide you with some background on the
Bureau's productivity measurement program
and tell you about some of the measures
that are available. After that, | will
go over a few of the concepts that under-
lie the indexes and then discuss the con-
struction of the retail food measure that
we publish.

As some of you may know, BLS has
been measuring productivity for many
years. One of the earliest studies was
done in 1898 by Carroll D. Wright, who
was the first Commissioner of Labor
Statistics. He did a study of produc-
tivity change in 60 manufacturing in-
dustries and this study provided evidence
of the savings in labor that resulted
from mechanization in the last half of
the 19th Century. Today, the Bureau of
Labor Statistics is responsible for devel-
oping and publishing the government's
official productivity measures.

Measurement Program

The productivity measures that we
develop are based primarily on data that
have already been collected--either by
other Government agencies or private or-
ganizations. The measurement program we
have is quite extensive. First, we have
measures for the major sectors of the
economy. Each quarter we publish data
for the private business sector, nonfarm
business, nonfinancial corporations, and
manufacturing.
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Next, we have measures for indivi-
dual industries. Currently we publish
over 90 industry measures and we try to
add about five each year. These mea-
sures now cover about one third of the
employees in the nonfarm business sector.
(Attachment 1). In addition to these
published industries, we also have un-
published measures of productivity for
the 400 industries within the manufac-
turing sector. Although we do not pub-
lish them because of limitations in the
data, we do make them available on re-
quest for research and analytical pur-
poses.

We also have an international com~
parisons program. Comparisons of pro-
ductivity for the manufacturing sector
as a whole are available for 10 foreign
countries, including Canada, Japan, and
the major European Nations.,

Our office is also responsible for
constructing productivity measures for
agencies within the Federal Government.
These indexes now cover about 65% of the
civilian workforce. Unlike the other
measures, the productivity indexes for
the Federal government are based on the
direct collection of data from the par-
ticipating agencies.

Productivity Concepts

Productivity is, in its broadest
context, a type of efficiency measure.
However, the measures of labor produc-
tivity do not reflect the direct effi-
ciency of the employees. An industry's
productivity trend is affected not only
by changes in labor effort, but also by
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capital and all of the other factors in
the production process. The labor pro-
ductivity measures, therefore, reflect

the influence of all of these factors,

not just labor effort.

At times, productivity measurement
is thought to be the same as work measure-
ment. However, there is a difference.
Work measurement analysis examines work
activities in the production process.
The concern is to assess resource require-
ments under a given set of technological
conditions. This contrasts.with produc-
tivity measurement which is concerned
with the results of work activity and the
relationship between final outputs and
inputs.

There is also a difference between
productivity and effectiveness. As |
mentioned, productivity is a type of
efficiency measure, Effectiveness mea-
sures attempt to quantify the impact of a
program on society. These measures, how-
ever, deal with the consequence of the
production process and the emphasis shifts
from the relationship of outputs to in-
puts to the consumer or recipient of the
outputs.

Industry Measures

As | mentioned, the industry produc-
tivity measures that we develop are based
on data that have already been collected.
Since these data were not (and are not)
collected for the purpose of productivity
measurement, we have to adapt the data so
that it will fit the idea measurement
framework as closely as possible. We use
data not only from other Government agen-
cies, but also from trade associations and
companies to develop our indexes.

We use several criteria to select
the industries we develop for publication.
First, since we have limited staff, we try
to do the industries that have the largest
employment. Secondly, we look at the
employment coverage within each sector.
In 1975, our measures covered 23 percent

of the manufacturing employment but only

5 percent of the trade and service employ-
ment. Because of the low coverage in
trade and services, we focused our ef-
forts in this area. As a result, our
measures now cover about 31 percent of

the employment within these sectors.

Other criteria we use include the im-
portance of the industry in the economy
and, of course, the availability of data.

The industry productivity growth
rates are quite diverse. Over the last
5 vyears productivity growth ranged from
about 11 percent per year for corn mil-
ling to -3.6 percent per year for bitum-
inous coal mining. (Attachment 2).

Qutput Criteria and Concepts

The general method we use to con-
struct our measures is to develop both
an index of output and an index of in-
put such as employee-hours. The pre-
ductivity index is derived by dividing
the output index by the input index.

We have several criteria for
selecting the output indicators that we
use. (Attachment 3). First, the pre-
ferred output index is based on the
physical quantity of final, individual
products. Intermediate output is not
counted. For example, 1f an automobile
establishment makes an engine and also
assembles the automobile, we count only
the completed automobile in the output
measure. The engine, which in this
establishment is an intermediate product,
is .included as part of the completed
automobile.

Second, there has to be sufficient
product detail. Products that require
more labor time to produce should have
more importance (or weight) in the index.
If the data are aggregated too much and
they are not homogeneous in terms of the
labor requirements, bias can occur if
there is a change in the product mix.
(Attachment 4).



Because we are developing labor pro-
ductivity indexes, the appropriate weights
to use for combining products are employee-
hour weights. |[f employee~hour weights
are not available, we have to use substi-
tute weights such as unit labor costs or
unit values. The substitute weights
should be proportional to employee-hour
requirements, |If, for example, product
YAM costs twice as much as product ''8,"
then, ideally, product "A" should require
twice as much labor time as product 'B."
Plant visits and interviews with people
knowledgeable about the industry help us
to determine whether there is proportion-
ality between unit hours and the substi-
tute weights.

In many manufacturing industries, the
individual products are grouped into vari-
ous product classes. At this higher level
of aggregation, information on employment
and hours is available every five years
from the Census of Manufacturers. This
information allows us to use a two level
weighting system which results in an out-
put index that is conceptually closer
to the preferred measure.

First, individual products are com-
bined into product class indexes using
unit value weights. Then, using the in-
formation on employment -and haurs re-
ported for. each:product class, we develop
employee hour weights to combine the
product class indexes into an overall
measure. (Attachment 5).

If physical quantity information is
not available, we can use a technique
known as deflated value to compute the
output measure. |In its simplest form,
the value of shipments or production is
divided by a price index to remove the
effects of changing price levels. The
technique is referred to as deflated value
because the adjustment for price change is
most often downward. A measure based in
part on deflated value is conceptually
equivalent to a physical output index

. constructed with unit value welghts.
Presently, about half of our published
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Industry measures are based on deflated
value including the measure for retail
food stores and the measures for the
other trade and service industries.

An output index that is being de-
veloped should be adjusted for quality
change if the change to a product would
also change the labor time required in
the base year for its production. To
illustrate this point, let's assume that
in the first year, automobiles are made
without anti-pollution equipment. In
the second year, the automobiles are made
with the anti-pollution equipment. |In
this example, we would make an adjustment
to the measure because the base year labor
requirements to produce the automobiles
would have changed. If we did not make
this adjustment, the measure could show
a productivity decline even though such a
decline might not have occurred.

The indexes should also reflect the
activity of the industry or organization
being measured. The industry measures
that we develop are based on gross con-
cepts. That is, the data used reflect
not only the industry's activity, but
also the material inputs supplied by
other industries. For example, in the
bakery products industry the value of
the bread and the other baked goods in-
cludes not only the value added by the
bakery, but also the value of the flour
which was purchased from another industry.
| f there are significant changes in the
value added and purchase relationships,
(also known as changes in vertical inte-
gration) we would have to make an adjust-
ment to the measure,

Finally, the productivity indexes
should reflect each year's workload.
That is, the final output that is pro-
duced should correspond with the employ-
ment and hours that are utilized. The
shipbuilding industry provides a good
example of what we call the cycle time
problem. |If, for example, a ship takes
5 years to build and we count it only
when all the work has been completed, it
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implies that nothing was done during the
previous four years. This, of course, is
not true. The problem we face is how to
allocate the work that is done over the
full five-year period.

Employment and Hours

| want to turn now to the data
sources used for developing employment
and hours. The two primary sources of
employment information are the BLS and
the Bureau of the Census. Employees and
hours from both sources are each consid-
ered to be homogeneous and additive.
This means that the engineer, the presi-
dent of the company and all other persons
are counted equally in the measure. At
the present time, adequate information is
not available to separately weight the
categories of workers. Both BLS and Cen-
sus publish data on total employment,
production workers and production worker
hours. Information on nonproduction
worker hours, however, are not available
on a continuing basis from any Government
agency. For our measures, we make esti-
mates of the hours for nonproduction
workers using unpublished data from BLS
surveys of employee compensation in the
private nonfarm economy.

There are some differences in cover-
age between the BLS and Census surveys.
BLS collects information on all the hours
of production workers whether worked or
paid for; Census collects hours at the
plant. Hours at the plant is closer to an
hours worked concept which is preferred
for productivity measurement. However,
indexes based on hours paid, will be iden-
tical to indexes based on hours worked if
there is no change in paid time off.

BLS includes employment in Central
Administrative Offices, Census does not.
BLS also provides broader coverage than
the Census Bureau. The Census Bureau
for example, does not collect annual em-
ployment and hours data for any of the
trade and service industries. For our
published measures, we use the series
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that we believe gives the most accurate
portrayal of the labor input trends.
Some industries use BLS input, others
use Census input.

For retail food and the other trade
and service industries, the primary
source of data is the BLS. However,
these statistics are supplemented with
information from other agencies to en-
sure complete coverage of the industry's
work force. Data from the IRS are used
for the number of partners and proprietors.
Data from the current population survey
are used for the number and average hours
of unpaid family workers, and for the
average hours of partners and proprietors.
We also use theCensus of Population to
obtain estimates of the average hours for
paid supervisors.

It is important to include this in-
formation in the labor input measure be-
cause the impact is significant. In
1958, 31 percent of the retail food work
force was made up of partners, proprie-
tors and unpaid family workers. They
have declined rapidly since then, but
they still account for about 10 percent
of the employment.

Retail Food Stores Measures

At this time | would like to go over
the construction of the retail food output
measure with you in some detail. The
schematic diagram (Attachment 6) shows
how the output index is constructed. Be-
fore | begin, | have two general comments.
First, we have to construct a measure for
all retail food stores combined, because
data are not available to construct sep-
erate measures for each type of store.
Second, the term "benchmark'' refers to
indexes that are calculated every 5 vyears
from Census data. For most of our indus-
tries--not just retail food--we adjust the
annual or intercensal year indexes to
those constructed from Census data. We
do this because the Census data are usual-
ly more comprehensive than the annual data
both in coverage and in the amount of de-
tail that is available.
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The first part of the retail food
measure is the index for grocery stores.
We estimate the sales of various store
departments and then deflate them with
appropriate components of the consumer
price index. Bakery products, for exam-
ple, are deflated with a combination of
price indexes relating to baked goods.
Currently, we estimate the sales for 13
broad categories of merchandise.

Next, we combine indexes of the de-
flated sales into an overall grocery
store measure using labor cost weights.
We develop the labor cost weights from
data on the labor cost component of gross
margins published by the Department of
Agriculture.

As the schematic shows, we use simi-
lar techniques to develop the measures
for specialty food stores. After the
sales are deflated, the indexes for each
type of store--such as meat markets and
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fish markets--are combined with employ-
ment weights into the overall output
index for specialty food stores.

Finally, the measures for both gro-
cery stores and specialty food stores are
aggregated into the total retail food
output index. Presently, the index for
grocery stores has about 84 percent of
the weight in the measure, which is al-
most the same as it was in 1963.

This concludes my presentation this
morning. | hope | have given you a bet-
ter understanding our our productivity
measurement program, and a flavor for
some of the concepts and procedures that
we use to develop the industry measures.
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: Attachment 1
| Selected industries: Employment, 1573, and average annual rates of change in output per ampioyee hour, 197378

Qutput per employee hour:
Employment, 1978 Average annual rate of change,
(thousands) 1973-78 {percent)'
SIC code ve = industry . . Non- Non-
; Al Production production Al Production | production
employeas workers workers empioyees workers warkers?
Mining
1011 lronmining, Crude ore . ........ ... i 24 20 4 (&) 08 (U]
1019 Iron mining, usablaore ....................... 24 20 4 (&) ~1.3 (&)
1621 Copper mining, crudeore. .................... 30 23 7 (3) ) 7.0 ®
1021 Copper mining, recoverablemetal. . ........... 30 23 7 M 7.0 )
111,124 Coalmining . ...t iieniaenan 208 172 36 ] -3.5 (&)
L 53] Bituminous coal and lignite mining ... .......... 208 170 35 o -3.8 (&)
i4 " | Nonmetallic minerais, excaptfusls ............ 119 94 25 (% 8 )
142 Crushed and brokenstone .................... 39 33 8 6] 1.8 (3
Manufacturing
2028 FIUdmitk ..o e e 118 &) (L] 3.1 (] ®»
203 Preserved fruits and vegetables............... 252 208 47 “.5 4.7 ‘0.6
2033 Canned fruits andvegetables . ................ 96 78 18 1.7 1.9 -4
204 Grainmilproduets. .. .....oov e i 148 98 47 4.9 ‘5.5 3.3
2041 Flour and other grain mitl products. ............ 28 ;] 10 3.7 4.9 -1
2043 Cereai breakfastfoods ....................... 17 13 4 ‘8 b ‘1
2044 Ricemiling ..........c..oiiiiiiiiiniinnn, L] 4 1 3.8 “.7 413.2
2045 Blended and preparedflour................... 8 8 2 1.9 ‘4 -8.1
2048 Wetcommilling ............. ... .oiiiiiinan 13 9 4 “11.2 . 410.8 4131
2047,48 Prepared feeds for animais and fowis .......... 76 S0 26 6.2 7.3 ‘3.9
203 Bakery products. . ... ... 235 137 98 21 2.5 1.4
2061,62,63 UGB, .t e i e 33 24 9 4 1.5 -3.3
2081,62 Raw and refinedcanasugar................... 20 14 6 4.3 1.9 -5
2083 Beetsugar.. ... 13 10 3 45 ‘1.4 ¢-5.8
2085 Candy and confectionery products ............ &8 48 12 2 -7 3.9
2082 Mattheverages. ...............ccooieiiiaann, - 81 34 17 7.5 7.0 8.8
2088 Bottied and canned soitdrinks ................ 136 48 88 6.2 6.9 5.8
211,213 Alltobaccoproducts......................... 49 41 8 3.2 4.2 -2.5
211131 Cigarettes, chawing and smoking tobacco ... .. 41 34 7 3.4 45 -2.5
2121 (O] - 7 T 8 7 1 36 3.3 7.8
2251,52 Hosiery. ..o it e e 83 57 [} 8.1 7.4 14.2
24214 Sawmills and planing milis, general ............ 180 17 19 . 1.4 1.5 4
2438,38 vVeneerandplywood ..............eiiiiina.., 17 68 9 2.7 26 3.7
251 Household furnityre ............... ...l 330 281 49 1.1 1.4 -1.2
251117 Wood househoidtumiture . ................... 156 138 18 48 45 +-11.0
2512 Uphotstered househotd fumiture. .............. 102 84 18 2.5 2.6 423
2514 Maetal household furniture. ... ................ 32 28 8 “1.5 1.8 “1.1
2518 Mattresses andbedsprings ................... 33 28 7 43.8 ‘4.3 2.0
2811,21,31,61 Paper, paperboarg, andpuipmills . ............ 267 204 83 2.1 27 -2
2851 Folding paperboardboxes.................... 48 38 10 -1 -1 A
2853 Corrugated and solid fiberboxas.............. 107 79 28 ‘2.6 a 14
2823,24 Synthetic fibers. .........c..ooiiiiiiiiiinin 89 70 19 8.4 8.5 6.2
2834 Pharmaceutical praparations. ................ | 149 69 80 3.2 3.8 ).
2841 Soapsanddetergemts................oiiiann. 40 25 15 . -8 -2 -15
2851 Paints and alliedproducts .................... 69 38 33 39 44 33
21 Petroleumrefining ................oooiial 165 104 61 1.1 1.1 1.3
3011 Tiresand innertubes...............covvuvanes 127 . 92 35 28 29 27
314 FOGIWRAN .. ..o iviiniiei i eiiiaan 158 138 20 8 5 1.1
221 Glasscontainers. ............cooiiiiiiiienan 77 68 : 9 2.0 2.2 .8
3241 Hydrauliccement.........cooevviiiianennnn 32 28 8 : 1.2 1.3 8
325 Structuraiclayproducts. ................oou. 51 40 1 N 2.9 3.5 (%)
3281,53,59 Clay constructionproducts................... 38 3 N 4 3.4 3.7 1.4
3251 Srick and structural ciay tile .................. 23 19 4 3.1 3.8 1.1
3253 Ceramic wall and floortile .................... 9 7 2 43.0 4341 23
3285 Clay refractories ................ovvvvivinnnn 13 9 4 1.4 2.7 -3.2
327172 Concrete products. . . . 80 59 21 .8 ‘1.4 -1
3273 Ready-mixed concreta . . 88 3) 3 -9 3 ()
331 Steet................ 5680 441 118 -7 -2 ~2.5
33 Gray iron foundries. . 180 125 25 ' 8 1.2 -1.7
332425 Steelfoundries ............ 84 50 14 -.6 2 -4.1
3331,32,33 Primary copper, lead, and zinc 22 18 4 1.5 1.6 9
3331 Primarycopper............. 14 12 2 3.0 3.0 29
3334 Primary aluminum ... .. o i, 35 29 8 -1.5 . -1.6 ~1.2
a3st Copperrollinganddrawing ................... 32 25 7 1.5 1.5 1.5
3383.54,55 Aluminum rolting and drawing ................. 62 80 12 1.8 1.7 1.9
3411 MEIRICANS ... ..ot et eieeicr i 85 55 10 23 2.4 1.8
3621 Motorsandgenerators ................ooui.., 138 102 34 -7 -1 «-25
3631,32,33.39( Majorhousehoid appliances .................. 100 81 19 3.0 2.9 3.2
3831 Household cooking equipment ..............., 27 20 7 4.1 4.7 1.9
3832 Housshoid refrigerators and fraezers .......... 37 31 ] 1.2 9 28
LY.
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Attachment 1 (con't.)

Qutput per employes hour:
Employment, 1978 Average annuai rate of change,
(thousands) ] 1973~-78 (percent)’
8IC code Industry Non Non
Al Production | production All Producti producti
smployses workers workers employees waorkers workers?
3833 Househoid laundry squipment. ................ 20 17 3 2.2 1.7 4.1
3839 Household appliances not elsewhers classified 1R 12 4 59 57 70
3641 ut EHOCIC IBMPS. ... eveennvncerreneenenrenensns 38 . 33 s 3.1 33 1.4
30454847 Lighting fixtures ............covvverareanccnss 73 55 18 ‘1.0 “.7 =10
3681 Radio and teievisionreceiving sets. ........... 92 &7 28 2.1 3.8 3.7
an Motor vehicies and equipment ............. .| 99T 178 2 3.9 3.5 8.2
Other

401 Class | Railroad transportation, revenue traffic. ........ 473 413 80 3.0 3.1 2.0
401 Classi Raiiroad transportation, carmiles. ............. 473 413 80 9 1.1 -1
4213 part Intercitytrucking .........ccocivvieniaciiinsen 770 ) 0] "4 (U] (&)
4213 part Intercity trucking (general freight) ............. 478 @ (] 9.9 ] 5]
4511 Alrtransportation . ........cciieenuviercnnren. 322 (] (Y] %1 * ®)
4012,13 Petroleumpipetings. ..............coovenennes 19 14 [ h-] 21 ™
4811 Telephone communications................... 963 4] (Y] 8.1 ® (&)
491,92,93 Gasand slectric utilities...................... M1 579 132 1.4 21 ]
54 Retailfoodstores®..................coveeenen, 2474 5] @ -2 ) (3
8811 Franchised new cardesiers................... 849 ] (%] 23 (0] [§]
8841 Gasoling service stations®. ............ocvuuiee 788 (&) (U] 4.9 (Y] ()
58 Eating and drinkingplaces®................... 4,609 (] %] -1.8 (%} (%]
7011 Hotels, motels, and touristcowrta®............. 1,028 ® (G] 8 (5] (&)
b4 3] Laundry andd chm services® ............... 410 [t] @ 1.1 * [C)

-t Based on the linear (sast mu trends of the iogarithms of the index $Less than 0.05 percent.
mumbers. * Qutput per ampioyee.

*Rates pf change for nonproduction workers are subject to & wider 7 Nonisupervisory personnel.
mangin of ervor than other rates shown, 8 Supervisory personnel and force account consiruction workers,

'M"rl&lo. . * Dats reiate 10 all persone.

9" 7.
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Attachment 2

Growth in output per employee hour in selected industries, 1973-78

Aversge anvual percent change

. - -2 ] 2 4 [ E] 10 12
F1 © b & T T T T T
Wat com mitting
Teiephone commumcations
Cooper runing, recaoverzbie metat
Synthetc hibers )

Alr \ransportation:
Gasolune service stations
Motor vemicles and oquipment

. el

Flusd matk
Major housenoid appliances
Aniroads, revenue iraihc
Structurat clay products
Tirws and inner oes
Franchised new car deslers
Banery pmcuc;a
* AN fofng 800 Grawing
Praserved frusts anc vegetaties
Prmary copper, ead, and ane
Intercity truching
Gas ang glecine utihtres
Petroieum celining
Loundry and cleanming sernces
NONREIBIE Mnerals, ex5ept foms
Footwear
Hotels. MOtes. ard 1ounst Courts
Suger
Foiding paperbosrd baxes
Retail 100d sT0res
Sosps and detsegents
Steed .
Aeady-mied concrate
Hon mining, usable ore
- Primary alymingm
= Ealing snd Srinking plicas
|
[

Biturmnous coal and lignite mining

| R NSNS NSO AU (VU NSO SO N NN AN |

2 4 L] [ ] 10 12
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Attachment 3
Criteria for Output Measures
-- Represents final products or services of the organization
-- Sufficient detail to insure product homogeneity
-- Reflects changes in quality
-- Reflects activities of the organization

-~ Reflects each year's workload
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Attachment 4

Product Detail Problem

19 inch television sets

Weichted Aggregate

mR Y 4
Black and white 1 5 8 5 g
Color 2 7 4 14
12 12 i9 16
Index 1Q3;2//}po.o 100.0 84.2
no change decrease

1. The unit labor requirements are different.
2. A shift in the type television set manufactured would create a bias.
3. Use of product detail with appropriate weights insures a correct measure.
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Attachment 5

Two Level Weighting System

First level

Second Level

R

Products
Group I A‘~J£12~fff;>
B:—‘_—_,,,——~' Indexes Labor Weights
c | (total hours for
each series)
Group II Aw |
—— Indexes Final Output
Index
D __ ; Index
U.V., Wts.
Group IIIL AT Tndexss l
|
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Attachment 6
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