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IN INDUSTRIAL TECHNIQUES 
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In Industrial TeChniques was organ1zed 1n December 1930 to 
inqu1re, w1th the coopera&1on of industry, labor, and govern
mental and private agenc1es, into the extent ot recent changes 
1n 1ndustrial techniques and to evaluate the etrects or these 
changes on the volume of employment and unemployment. David 
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pOinted, respect1vely, Director and ASSOCiate Director ot the 
proJect. The task. set tor them was to assemble and organize 
the ex1 sting data wh1 Ch b ear on the probl em and to augment 
these data by rleld surveys and analyses. 

To thIs end, many governmental agencIes wh1ch are the col
lectors and repos1torles or pertInent InformatIon were 1n
v1ted to cooperate. The cooperat1ng agenc1es or the Unlted 
States Government 1nclude the Department at Agr1culture, the 

Bureau at Kines or the Department 0 t the Inter1or, the Bureau 
at Labor Statistlcs at the Department or Labor, the Railroad 
Ret1rement Board, the Soc1al Secur1ty Board, the Bureau ot 
Internal Revenue ot the Department or the Treasury, the De
partment or Commerce, the Federal Trade Commiss1on, and the 
Tar1ff Commiss1on. 

The follOw1ng pr1vate agenc1es Joined with the Nat10nal 
ResearCh project In conduct1ng spec1al stUdies: the Indus
tr1al Research Department at the University oC Pennsylvanla, 
the National Bureau or Economic Researcn, Inc., the EmplOy
ment Stabilization Research Insti tute ot the University or 
MInnesota, and the Agricul tural EconomIcs Departments In the 
Agr1cultural Exper1ment StatIons ot Calltornla, Ill1no1s, 
Iowa, and New YorK. 
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There is transmitted herewith a report on changes 
in machinerYJ methods of work, job requirements J and 
characteristics of workers in the Minneapolis-St. Paul 
area during the years i93i-36. 

Many technological changes took place during this 
5-year period. They were in part the resul t of in
stallations of newequipment J but in the main these 
changes reflected minor improvements on old machines. 
Most of the improvements were designed to make the old 
machines more automatic and, depending on the need of 
the industry involved J either more specialized or more 
flexible. In any case, the efficiency of the machines 
was increased and fewer men were needed for the production 
of a given Volume of output. 

Moreover J these innovations changed the technical 
requirements of the work tobe done andpermitted changes 
in the character of the work forces employed. Outstand
ing was a tendency toward the reduction of the proportion 
of skilled and unskilled workers and an increase in the 
proportion of semiskilled workers. This tendency toward 
the leveling of skills was accompanied by a general 
shortening of the training time required for the various 
jobs. Automatically operated machines andmachines that 
may be preset for a variety of standard operations re
duced the need for special skills. 

Workers who possess special sk ills used in a single 
industry are J however J also the ones who are partic
ularlylimitedin theiropportunities for adjustment even 
when employment is expanding. This difficulty becomes 
an especially serious matter to workers who are past 



middle age J because the typical technological changes J 

discussed in this report) place a premium on speed) 
dexteri ty) and adaptabi 1 i ty rather than on experience 
and skill. A technological basis is thus provided for 
industry's preference for younger workers to the detri
ment of the older workers with family responsibilities 
who) in increasing numbers J are forced to fall back on 
public aid. 
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PREFACE 

Several reports of the Nat lonai Research Project have dealt 
with types and rates of technological change from the viewpoint 
of the effects of these changes on the demand for capital goods 

and on the number of jobs. Aside from such effects, however, 
technological change also has an influence on the types of skill 
required by industry. Depending on the character of the change, 

its incidence differs with respect to occupation and variously 

affects the occupational composition of industry's work forces. 

Based on the types of technological change observed in the 

Minneapolis-St. Paul area during the period 1931-36, this study 
presents quantitative data on the effects of these changes on 

job requirements and the worker. It is thus directed to questions 

on the degree to which the typical, current changes in industrial 
technique have, on the one hand, influenced the worker's re

sponsibilities on the job, the type and duration of training 

required, and his working conditions and, on the other hand, 

altered the importance of such selective factors as skill, sex, 

age, previous experience, and transferability of skill in de

termining who in the labor supply gets the available jobs. 

The fundamental changes in product ion processes that were char

acteristic of industries that were going through the ir early 

days of industrial revolution are relatively rare today, though 

they still occur and tend to be dramatized since their labor

displacement effects are usually spectacular. Rather, the rule 



CHAPTER III 

THE WORK 

This chapter deals with the work performed in the factories 
surveyed in Minnesota. Here are presented analyses of the 
types of dexterity most in demand for industrial operations and 

summaries of the significant trends in job requirements, meth
ods of compensation, and systems of performance. Particular 
attention is devoted to noteworthy modifications that occurred 

in identical plants during the period 1931-36, and the role 
of technological development in such changes is evaluated 
wherever possible. 

Improvements in machinery have had far-reaching effects 

upon the qualifications which a worker must have if he is 
to obtain or hold a factory job. In changing work specifica
tions, however, the part played by management has been equally 
and in some cases even more important than mechanization 
itself. Reorganization of the lay-out of the plant, increasing 
application of time and motion studies, continued refinements 
in the division of labor - all have had their repercussions 

upon the work to be done. Furthermore, there is usually an 
intimate connection between the introduction of a new machine, 
or the improvement of an old one, and a reallocation of tasks. 
Even where the machinery remains unchanged, industrial en

gineers seek to cut down waste of human energy, to simplify 

transportation of materials within the plant, and in general 
to reduce the item of labor costs. 

One of the principal objectives of managerial policy has 
been the reduction of fatigue. Sometimes such an improvement 
has been effected simply by an adjustment of the machine, 
sometimes by a change in the organization of the work, but 
most frequently by a combination of both. Before the advent 
of mechanical handling equipment, conveyor systems, and the 
like, the lifting of heavy weights was an outstanding cause 
of fatigue in factory work. In recent years much of the heavy 
labor formerly assigned to the worker has been mechanized. 
Thus in 1936 few industries required their workers to lift 
weights by hand, and even in these the proportion of operations 

15 



16 JOB REQUIREMENTS IN MANUFACTURING 

which called for the lifting of units of 100 pounds or over was 
almost negligible. At present the most widespread cause of 
fatigue is the speed with which the worker must carry out his 
task and not the weight which he must lift or manipulate. 

METHODS or TRANSPORTATION WITHIN THE PLANT 

Data on transportation within the plants surveyed were 
recorded in 1936. as in 1931. for the carrying of materials 
to the operation and from the operation. 1 Table ~ presents 

Table 4.- METHOD OF TRANSPORTATION BETWEEN OPERATIONS. 
1981 AND 191s a 

(Perce.ta,e of prodactioa operatloDI) 

Material carried by -

Mechanical 
Industry Hand Hand truck handling device 

1931 1938 1931 1938 1931 1936 

Baking (b) 55 (b) 25 (b) 20 
Candy (b) 64 (b) 15 (b) 21 
Carpet (c) 100 (c) 0 (c) 0 
Cigar 74 90 20 10 8 0 
Clothing 93 94 7 B 0 0 

Coke 0 5 0 0 100 95 
Creamery 28 37 17 13 57 50 
Dry cleaning (b) 53 (b) 28 (b) 11 
Flour 23 33 5 3 72 84 
Food (b) 41 (b) 20 (b) 39 

Furni ture (b) 89 (b) 25 (b) 6 
Laundry 82 52 36 38 2 10 
Metalworking 47 31 42 51 11 18 
Packing (b) 27 (b) 11 (b) 62 
Paint ( c) 0 (c) 40 (e) 60 

Pottery 58 40 36 60 6 0 
Printing 72 80 19 20 9 0 
Shoe (b) 80 (b) 40 (b) 0 
Woodworking 39 65 54 29 7 8 
Woolens 39 22 39 53 22 25 

aBased on 1dent1cal plants 1n 1ndustries in whIch 30 or more operatIons were 
surveyed In the gIven year. 
bComDarable data not avaIlable. 
cLess than 30 operatIons surveyed. 

lIn almost all cases the methods were found to be the same for materIals movln~ 
1n e1ther d1rectlon. 
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the findin[s for both years for industries in which at least 
30 operations were surveyed and in which the plants were 
identical. Six of the 23 industries surveyed in 1936 - carpet, 
cigar, clothing, pottery, printing, and shoe - employed no 
mechanical handling devices whatever. In all these, except 
carpet, the units carried were small and light in weight, 
and the distances covered were short. On the other hand, 
in the coke industry, where the material at most stages is 
too hot to be touched, the bulk of the operations, 9S percent, 
were fed by mechanical means. In general, it was the highly 
integrated, mass-production industries which employed mechan
ical transportation devices for a large percentage of their 
operations: Bottling for 100 percent, flour for 6~ percent, 
packing for 62 percent; and paint for 60 percent. 

Several of the industries in which identical plants were 
surveyed in the two years had revised their internal trans
portation systems with a view to cutting down the moving 
of materials by hand. In 1931 two-thirds of the transportation 
to and from operations in the bottling plant was mechanically 
performed; by 1936 this plant had completely eliminated both 
hand and hand-truck transportation. This plant, it will 
be recalled, was also outstanding for its high proportion 
of automatic equipment. 

Metalworking had shifted from hand to both ha~d-truck and 
mechanical movement of materials. It had reduced the pro
portion of operations using hand transportation from ~7 to 
31 percent, raising that for hand-truck transportation from ~2 
to Sl percent and for mechanical devices from 11 to 18 percent. 

In the laundry industry hand carrying was relied upon to 
a lesser degree than in 1931, although here the decrease was 
not so marked as in the industries just mentioned. The paint 
industry had done away with hand carrying altogether, whereas 
in 1931 hand transportation had accounted for one-fifth of its 
operations. Unlike transportation in bottling, howev~r, that 
in the paint industry had not become completely mechanized, 
although mechanical handling showed a marked rise, from ~6 to 
60 percent, with hand trucking accounting for the remainder 
of the operations. 

Both the pottery and the woolens industries had also de
creased hand transportation, but in these two cases the shift 
was largely to the hand-truck method. Pottery had actually cut 
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the percentage of operations depending on mechanical handling 
devices from 6 to 0 percent, while the woolens industry showed 
only a slight rise in the mechanical category. 

Some of the industries had, however, increased hand trans
portation. The carpet plant surveyed, despite the heavy 
weight of the units involved, was found to have augmented 
hand transportation from 77 to 100 percent of its operations. 
Although mechanical handling could well be used here, this 
plant appears to have adopted a policy of requiring that 
materials be moved by hand. 

The cigar plant, despite the fact that it had introduced 
many advances in machinery, was found to have eliminated 
mechanical handling, which accounted for 6 percent of the 
operations in 1931, and to have raised the proportion of 
the operations relying on hand transportation from 7~ to 
90 percent. It should be noted, however, that in this indus
try, as in clothing, where 9~ percent of the operations depend 
upon hand transportation, the units of material which must 
be moved are small and light in weight. 

In the cigar, coke, creamery, flour, pottery, printing, 
and woodworking industries a somewhat smaller pro~ortion of 
the operations was supplied by mechanical means in 1936 than 
in 1931. The apparent retrogression may be attributable 
in part to the fact that the number of operations in the given 
year served as the basis of the survey; in the absence of 
other changes, where a new machine had integrated several 
mechanically fed operations (including transportation from one 
to the next) into a single operation, the percentage of total 
operations fed by mechanical devices would have dropped. 

Generally speaking, the factories surveyed are not large, 
a fact which may account somewhat for the rather slow adoption 
of mechanical handling devices. The size of the plant is not 
always the sole determining factor, however, for a number 
of small plants in the Twin Cities use mechanical bandling 
devices for a large proportion of their operations. For 
example, in this survey one mechanized bread-baking plant 
(in the baking industry there is necessarily a great deal 
of handling) employed mechanical handling for about 80 percent 
of its operations; thanks to this equipment it could turn 
out an exceptionally large amount of bread with a minimum 
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number of workers. If other baking plants have not modernized 
their transportation methods, the failure cannot be ascribed 
wholly to their size. However, when the amount of material 
to be handled is small, its transportation by hand truck 
or even by hand may be found more economical than mechanical 
handling. This consideration may explain why some of the 
industries had decreased or eliminated mechanical devices 

in the period 1931-36. 

TYPES OP DEITERITY REQUIRED 

The types of dexterity required for the various operations 
surveyed were classified as "finger", "hand", "arm", and 
"foot." These were noted for each task, with no reference 
to the potential dexterity of the worker engaged thereon. 
In many instances it was, of course, difficult to apply this 
classification rigidly, especially as between finger and hand 
dexterity. In general, operations were considered to demand 
finger dexterity when they depended almost exclusively upon 
digital manipulation. Hand dexterity was held to involve 
the use of the whole hand, from fingertips to wrist, and arm 
dexterity comprised hand, wrist, and the entire arm. Foot 
dexterity, in the few cases where it was found, most commonly 
required the pressing of a pedal or lever with the foot. 

The 1936 data for 20 industries are summarized in table 5. 
It will be noted that hand dexterity was most frequently 
required. However, finger dexterity was a prominent require
ment in all but one of these industries, and in three of them 
it was necessary on more than half the operations. 

Unfortunately, it was impossible to record changes in all the 
industries surveyed in both 1931 and 1936 with respect to types 
of dexterity since in many cases this item was not noted in 
the earlier year. However, the seven industries for which 
comparable data were available (bag, baking, laundry, pottery, 
printing, woodworking, and woolens) clearly evidence a trend 
toward finger dexterity. This emphasis upon the fingers may 
be interpreted as reflecting the increasing simplification of 
operations, although it does not necessarily imply a decrease 
of fatigue, which in the case of small movements is conditioned 
primarily by the rate of performance. Greater speed is usually 
attained when motion is concentrated in fingers and hands than 
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Table 5.- KIND OF DEXTERITY REQUIRED. 1986 a 

(Percentare of production operatioDI) 

Industry Finger Hand Arm I Foot 

Baking 32 53 15 0 
Candy 40 44 15 1 
Carpet 41 35 24 0 
Cigar 62 31 4 3 
Clothing 55 39 5 0 

Coke 25 50 25 0 
Creamery 21 54 25 0 
Dry cleaning 31 40 29 0 
Flour 29 68 3 0 
Food 32 55 13 0 

Furniture 33 50 13 4 
Laundry 25 51 20 3 
Metalworking 22 55 19 4 
Packing 19 53 18 0 
Paint 4 53 29 4 

Pottery 24 71 5 0 
Printing 50 34 6 0 
Shoe 35 58 7 0 
Woodworking 27 48 21 4 
Woolens 44 45 10 0 

aBased on those 1ndustr1es 1n wh1ch 30 or more operations were surveyed. 

when the arm is employed also, but the worker may tire even 
more quickly under such circumstances. Among the industries 

studied, a few had new machines which had been constructed 
with a view to increasing the productivity of the worker and 

at the same time decreasing his fatigue. For example, some 
of these machines have control levers in three or four places 
instead of in one, so that they can be operated with a minimum 

of walking to and from control stations. 

Five of the seven industries were found in 1936 to have 
substantially increased the proportion of their operations 
requiring finger dexterity and reduced hand operations at the 
same time. Outstanding among these was printing, which had 
raised finger operations to 60 percent as compared with only 
8 percent in 1931 and lowered hand operations from 8~ to 
3~ percent. The growing preponderance of finger operations 
here may be attributed partly to the introduction of several 



PREFACE 

Several reports of the National Research Project have dealt 
with types and rates of technological change from the viewpoint 

of the effects of these changes on the demand for capital goods 

and on the number of jobs. Aside from such effects, however, 

technological change also has an influence on the types of skill 
required by industry. Depending on the character of the change, 

its incidence differs with respect to occupation and variously 

affects the occupational composition of industry's work forces. 

Based on the types of technological change observed in the 

Minneapolis-St. Paul area during the period 1931-36, this study 
presents quantitative data on the effects of these changes on 

job requirements and the worker. It is thus directed to questions 
on the degree to which the typical, current changes in industrial 
technique have, on the one hand, influenced the worker's re

sponsibilities on the job, the type and duration of training 

required, and his working conditions and, on the other hand, 

altered the importance of such selective factors as skill, sex, 
age, previous experience, and transferability of skill in de

termining who in the labor supply gets the available jobs. 

The fundamental changes in production processes that were char

acteristic of industries that were going through the ir early 

days of industrial revolution are relatively rare today, though 

they still occur and tend to be dramatized since their labor

displacement effects are usually spectacular. Rather, the rule 
is continuous, day-to-day change in millor steps of production 

processes. These changes are, however, extremely pervasive; in 
time theycut across the whole production process of an industry, 

spread from industry to industry, and cumulatively represent a 

far greater threat to the security of workers than the OCCasional 

revolutionary changes. 

Thus the jobs of factory production workers are steadily be
coming simplified and physically less strenuous as machinery is 

made more automatic or more specialized, as handling of materials 
is conveyorized, and as product ion methods are rationalized by 

management. Although the setting of machines has become more 

complicated, the actual set-up and the use of blueprints has 
become the responsibility of engineers and "set-up men" rather 

ix 
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than that of the individual workers who operate the machines. 

AJ 1 these changes involve a general leveling of skills and a 

shortening of the necessary training time; they place an increas

ing emphasis on speed and dexterity and thereby impair the older 

worker's chances for jobs. They also increase industry's opportun

ities forusing inexperienced personnel, and, thereby, industry's 

labor reserve and the number of workers who can compete for the 

same jobs. 

Although these recent technological changes and their effects 

may not be entirely new in kind, they aprear to be increasingly 

important in degree. So long as the economy of the country was 

rapidly moving toward ever-higher levels of employment, the dis

placement effects of technological change were being minimlzed 

by the ever-growing total of job openings and the opportunities 
which these openings offered for occupational adjustments. The 

decline of one industry was always more than matched by the expan

sion of others or by the appearance of new ones; the industrial 

decline of one area was more than balanced by the industrialization 

of other parts of the country. Although the transfer from one 

occQpation, industry, or area to another frequently involved heavy 

sacrifices in earning pwer, social status, or personal ties, 

there was at least a place to go and the hope of rehabilitation. 

The recent economic history of the United States, however, seems 

to indicate thal such opportunities for adjustment have become 

fewer and fewer. Even the 50-percent increase in manufactured 

output during the 1920 's left the average number of wage earners 

in the manufacturing industries stationary. Most of the other 

commodity-producing industries actually registered employment 

declines during the same period. Although the growth of employ

ment in many service industries more than balanced the declines 

in the other branches of the economy, the job requirements of the 

service industries were usually such as to offer to workers from 

the declining industries even greater difficulties in occupational 

transfer than had existed when the commodity-producing industries 

were still expanding their job opportunities. The spotty char

acter of the expansion of employment in the twenties was then, 
and the large volume of unemployment is nw, creating reservoirs 

of workers who have been directly or indirectly displaced bysuch 

technological changes as are described in this report, difficult 

though it may be to segregate them from the general body of 

t he unemployed. 
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CHAPTER I 

SCOPE AND METHODS Or STUDY 

This study of jobs and equipment in : anufacturing industri~s 

covers a number of the more importan- factories in or near 
St. Paul and Minneapolis1 and was unoertaken with a view to 
ascertaining what changes in operations. in the characteristics 
of the workers, and in the machines themselves had taken 

place in the s-year period 1931-36. In 1931 a study made 
under the auspices of the Employment ~tabilization Research 
Institute of the University of ~innesrta2 presented a cross

sectional picture of the prevailing industrial conditions 
and a description of the mechanical o;erations performed in 
the same area, although not always fa!' the same plants that 
have been included in the present stud;. The present study, 
made at the request of the ~ational ~csearch Project of the 

Works Progress Administration, has, in a sense, grown out of 
the earlier one, since the gathering of data, the methods 
of procedure, and the taking of recoris were originally so 

arranged as to facilitate a return tc particular plants at 
a subsequent date. 

The primary purpose of the job anal?sis made in 1931 was 
to obtain first-hand information conc'>rning the mechanical 
operations performed in manufacturing p:ants. Thus attention 
was devoted principally to the operacions, the machinery 
used, and the personnel requirements for such operations 

and machines. 3 In addition to recordilg data obtained from 
the workers and their supervisors concerning their history 

and working conditions, the investigatiJg staff took account 

of those variables of each job which related particularly 
to the worker and to his adaptation to ~he task assigned him. 
The chi e fin t ere s t 0 f t h'e ear lie r stu i y, howe v e r, was the 
actual job or mechanical operation which the worker was called 
upon to perform. 

1The authcr WIS!leS to express ~ls g:!'a~:~u::!e to the mar,:. ·xecutives 0: MInnesJ~a Ir,
::!ustrIes whose c:operatlon ma1e (!lIS st'Jdy possIJle a:o: :0 the St. Paul Assoc!atlon 
of Commerce ar.1 the MInneapolIs CIvIc an1 Commerce A8C ::Iatlon for their Interest 
!n the undertai<in~. 

2Charles A. Koe;ke. j, Job AM Lysis oj !~anu.jactwrini ;;!ants in Minnesota (Unly. 
MInn. Employment StabilIzatIon Res. Ins:. :0'-1:1.. VoL::. No. e, June 1004). 
3ThrOughou~ the ~resent report. eXDlana~Ions of pr::c o 'Jres or standards and many 
1ertn1tlons of terms ha'le been taken from the 1931 stc: ~y, In some cases verbatIm. 
Data tor 1931 are, sImIlarly, taken eIther trom the ~_,J;,lshed report or from the 
f1les of the earlier study. Aclmowle1gment Is here'NIt:: moe of all such I1Bterial. 

1 



2 JOB REQUIREMENTS IN MANUFACTURING 

The present job analysis is similar in nature to the first 
study in that its point of departure is likewise the strictly 

mechanical aspect of industrial processes. The 1936 survey 
has, however, an important objective which the earlier study 
did not have: to compare for the years 1931 and 1936 the 
characteristics of the personnel employed, the work performed, 
and the machinery utilized for the processes studied, and 

wherever feasible to indicate whether the changes are to be 
attributed to modifications in the methods of production or 

to other factors. 

A staff of mechanical engineers trained in factory work 
conducted the survey,' making every effort to obtain infor

mation as to actual conditions. Data were always gathered 

from operations actually in process. The longest period of 
time devoted by the staff to any single plant was 5 days. 
Except for a few items, the operation sheet (reproduced in 

appendix A) used in the field work for the present survey 
was the same as that employed in 1931. On this sheet the 
data were recorded under four headings: \11 The operation, 
l~) the worker, (3) the work, and (41 the machine. Under 

the first heading, the firm and the article manufactured 
were identified, and the actual work done in the process 

of manUfacturing was described. Inasmuch as all information 
was received in confidence, it was necessary for the staff to 

designate each firm by a code number. The article manufactured 
was recorded under "Part Name", and the particular unit, 

or part of a "part", under "Part Number." Since several 
operations ordinarily are involved in the production of a fin
ished article, the number of operations required was recorded. 

and each operation was enumerated. Thus an orderly sequence 
appeared on the production flow sheet, and missing operation 
sheets were easily detected. 

In order to obtain a complete description of each operation. 
the staff, for each study, took photographs or made sketches -
sometimes both - of the part before and after each operation 

as well as of the machinery, tools, and special equipment used 

therefor. The photographs and sketches made it possible for 
the staff to recall minute details of manufacturing procedure 

4The author Is 1ncetltec for the collcctlor. 0; ,~ata to AL~on ME'lz~dr. an.:: Ro:r..2.n F. 
Arnoldy, Oelc! supervisors; and to Arnold C. Matthies, Henry G. LYkker .. John ::. 
Peterson, ;,Falter ;,F. Pohl, NOEl :::rouch, El:nfr C. Nelson, ·"2.llace A. Ver" q:\j 
Myron S. San~~€rjl. fleld a;;[l'.ts. He -"Ishes also to 'icknowlt-~.te the <is, !~ta:1re )~ 
D. Jeanette Sweney, Hollerith l'.achlne s'J~er\"lsor; or Kay S. Jue, O\no pre;:;.,',,: 
the tables; ans or Mrs. John K'lyperS, rrlr.cll<ll stat!stlcal clerk. 
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even after a lapse of years. In the present study they were 
found to be invaluable for contrasti~! the industrial set-up 
of 1936 with that of 1931. The illustrations for both years 
may in turn serve as a basis of corr:'arison for any future 
surveys of manufacturing processes in t1is area. 

The second and third parts of the c·'eration sheet are con
cerned mainly with data on the work'r and descriptions of 
the work. Since it was difficult tc estimate offhand the 
productive capacity of the various type:". of machines, the staff 
undertook a short "as is" time studv (using decimal stop 
watches) of each operation. NO time a120wances were made while 
these studies were in progress (that is, there were neither 
fatigue nor comfort allowances for the workers), nor were any 
provisio~s made for the time consumed in oiling, repairing, 
or setting up the machinery. On the other hand, no attempt 
was made before the time study to reorganize the operations 
for better performance. 

The fourth part of the sheet covers ~he machine, and it is 
here that changes in types of equipment ~ere recorded. Indeed, 
it was with such possible changes in ~ind that the staff in 
1931 collected data on which a future stldy might be based. 

In this report it was possible not o~ly to compare similar 
operations in different plants within an industry and to 
contrast types of operation in one indlstry with those pre
vailing in another, but also to gage 1 he nature and extent 
of modifications in machines and oper2tions for the period 
1931-36. Since one of the chief interests of the National 
Research Project is "recent changes in industrial techniques", 
the following chapters place particullr emphasis upon any 
effects which modifications in machin~s and in methods of 
production may have had upon the persornel requirements for 
the various operations. 

The sample of schedules was collectei in the same manner 
in 1931 and 1936. In each plant, schedules were obtained 
to represent all discrete production operations. If two 
persons performed the same operation, both were included 
in the survey through filling out on a second schedule the 
portions of the schedule relating to the characteristics 
of the worker. Not more than five sched~les were thus filled 
out for different w9rkers on the same 8peration. Only in 
the cigar, creamery, and woolens industries, however, did 
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this technique limit the number of workers included in the 
survey. In order to assure a representation of machines with 
different characteristics used on the same operation, schedule 
information on machines was taken in the same manner as that 
on workers. On the other hand, if a worker performed more than 
one operation, he was counted as one worker, and the operations 
were reckoned as two or three or whatever the number might be. 
Thus the total number of workers surveyed for this study was 
2,026, while the number of operations was 2,388 and the number 
of machines was 1,33~. 

Though most of the plants surveyed in the 1931 study were 
examined again in 1936, changes in the industrial map of 
the Twin Cities area necessarily imposed upon the investi~ators 
some revisions of the earlier scope. In 1936, 67 plants, 
distributed over 23 industries, were covered. In both years 
the studies embraced. a substantial number of the more important 
plants in the region. 5 

In order to increase the size of the sample, a few plants 
not surveyed in 1931 were included in the 1936 study. However, 
in all cases in which findings for the two years are compared 
in this report, data for ljentical plants only are used. 

For purposes of analysis the plants have been grouped by 
industry. The numbe~ of plants surveyed in each industry 
in 1936 is given in the following tabulation: 

Number Number 
Industry of plants a Industry of plants a 

Total 67 Food 3 
FUrniture 6 

Bag 1 Knitting 1 
Baking 5 Laundry 3 
Bottling 1 Metalworking 10 
Candy 4 Packing 2 
Carpet 1 Paint 2 
Cigar 1 Pottery 1 

Clothing 2 Printing 8 
Coke 1 Shoe 1 

Creamery 4 Woodworking 5 

Dry cleaning 3 Woolens 

I 
2 

Flour 2 

aSlxtY-four dlfferent establlshments were surveyed; 2 of these, however, because 
or the dIversIty or product manuractured, appear In more than one 1ndustry. 

5All but rlve of the plants surveyed In 1936 were located ln MInneapolIs or 
St. Paul; these rIve plants were In other towns In M1nnesota. 
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Except for laundry and dry cleanin~, these are all manufac
turing industries. For convenience, t"e samples will generally 
be referred to by the name of the ind"lstry in which they have 
been classified. Unless the contrary is clearly intended, 
then, in subsequent chapters statemelts about an individual 
industry refer only to the plant or plants included in the 
field survey. 



CHAPTER II 

THE MACHINE 

Manufacturers in the Twin Cities area tended on the whole 
to avoid extensive purchase~ of new machinery during the 

depression; it was found, therefore, that in most cases the 
average age of equipment in use was greater in 1936 than it 
had been in 1931. This does not mean, however, that machine 
equipment underwent no modification during the years 1931-36. 
Machines did change both in speed and purpose, but these 

changes are to be attributed not so much to the installation 
of new machines as to the improvement, through the application 
of jigs and fixtures, of those already functioning. Appliances 

of this nature have frequently had far-reaching effects upon 
methods of manufacture, giving rise to marked revisions in 

the qualifications demanded of the worker for particular 
operations, sometimes indeed as noteworthy as the changes 
caused by the substitution of a new for an old machine. 

AGE OF MACHINERY 

The age of a machine is not a criterion of its usefulness. 

A machine over 21 years old is likely to be technically obso
lete, but sometimes an old model is exceptionally good. On the 
whole, however, in any industry the plants with newer equipment 
have a strong competitive advantage. In this study wide 
variations were found in the age of equipment between plants 
in the same industry as well as between industries. 

In 1936 a number of industries depended to a large extent 
upon machinery which at that time was 22 years old or over: 
In the plants surveyed in the paint, woolens, knitting, and 
shoe industries, from two- to three-fifths of the equipment 
surveyed was in this age group. In recent years there have 
been great technological advances in printing machines; yet 
in the printing plants studied, more than half the equipment 
was at least 10 years old, with machines in the 22-year and 
over category amounting to 20 percent Itable 1). In metal
working, too, the plants studied had not taken full advantage 
of recent improvements. More than half the machines in this 

6 
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industry likewise were 10 years old Jr over, with one-fifth 
being upwards of 21 years old. 

Table 1.- AGE OF MACHINES, :931 AND 193e a 

Industry 

Baking 
Candyb 
Creamery 
Flour 
Foodb 

Furniture 

Laundry 
Metalworking 
Printing 
Shoe 
Woodworking 
Woolens 

Up 

1931 

61 
27 
30 
34 
11 

( c) 

8 
20 
16 
(:1 ) 

15 
12 

(PereeDta,e of macbiael) 

Age l~ years 

to 3 I 4-9 10-21 i 
1936 11931 : 193': 

1 
1931 I 193c 

I 
I ! 

13 25 c3 14 18 
21 23 9 18 49 
21 53 39 17 38 
e 2 53 58 25 

22 46 27 38 29 
9 ( c) 22 { : ) 38 \ 

19 35 34 47 40 

18 30 27 45 34 
28 33 1'7 47 35 

7 (d) 1e r ~ ) 38 
6 45 2'7 35 35 
0 2c I 13 46 39 

22 or over 

1931 1936 

0 16 
2 21 
0 2 
6 16 
5 22 

( C ) 31 

1e 7 
5 21 
4 20 

(<1 i 39 
5 32 

16 48 

aBased on Identical plants In Industples In wh!ct ~o or more machines were sur
veyed In the given year. 
bOata tor 1931 tabulated [pom tiles of the earller ~. :.:dy. 
ccompapable data not available. 
dLess than 40 machines supveyec. 

The majority of the plants covered in 1936 used chiefly ma
chinery which was neither very new nor y,'ry old. It should not 

be assumed, however, even for industries which have relied for 
the most part on machines which are far from new, that there 
has been no installation of new eguip~~nt or no significant 

modification in their utilization of old ~chines. 

In the bottling plant surveyed, half tr.e machines in use were 
less than 3 years old. and much of th~ older equipment had 
been modified by the addition of specil fixtures. The new 
eq.tlipment here effected a marked saving i 1 labor. With the old 
bottling equipment, five men had been re1uired: One to place 
the dirty bottles in the washing ~achire, one to remove the 

clean bottles from the latter and place them in the filling 
machine, one to remove the filled bott:es and inspect them, 
one to place them in the labeling Machi~e, and, finally, one 
to fill the cases. The more advanced comJination machine used 
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in 1936 performed the washing, filling, and labeling, while 
an inspector watched for specks and imperfections through 
a large magnifying lens. Only two men were needed in addition 
to the inspector, one to feed the dirty bottles into the 
machine and another to stack the labeled bottles in cases 
at the other end. 

A carpet plant likewise had installed considerable new 
equipment, most notably the automatic drier, a conveyor ar
rangement for removing moisture from the hair after it has been 
centrifuged. Two-fifths of the machines in carpet manufacture 
were 3 years old or less; on the other hand, a third of the 
machinery in this plant was over 21 years old at the time 
of the survey. 

Plants in three other industries were noteworthy for the 
purchase of new machines. A third of the machines in the paint 
industry in 1936 were 3 years old or less; these consisted 
in the main of improved types of automatic paint grinding, 
mixing, and labeling equipment. More than a quarter of the 
machines in the six printing plants had been obtained within 
the previous 3 years. These included at least two linotype 
machines which had been in use less than a year at the time 
of the survey, a number of automatic color presses, and three 
folding machines which had been in use for less than a year. 
One-fifth of the machinery surveyed in the candy industry was 
bought in 1936. These latter purchases reflect the marked 
expansion of a single plant, which installed large and highly 
efficient cookers, several automatic molding and dipping 
machines, and an automatic wrapping machine. 

Table 1 shows that there was a ~eneral tendency for the 
machinery in use in the plants surveyed to be much older 
in 1936 than in 1931. However, there are other means of 
reducing costs than through the purchase of new machinery. 
Manufacturers tend to seek ways of cutting down costs by 
a reorganization of the working force, by the improvement of 
machines already in use, and most frequently by a combination 
of both. Changes in the nature of the job itself - and con
sequently in the personnel requirements - commonly follow from 
the revitalizing of machinery. The application of a jig or a 
fixture has pushed many an operation out of the skilled into 
the semiskilled class; frequently it has also accelerated 
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production and thus has lowered labor costs on another count. 
Such modifications of existing equipment are reflected not 
in the relative ages of machines but in the design and level 
of automaticity of machines in operation. 

GEIERAL- AND SPECIAL-PURPOSE MACHINERY 

Although for purposes of comparison it has been considered 
advisable to classify equipment eitler as "general" or as 
"special purpose", these terms must allow for considerable 
variation within each category. No machine, obviously, can be 
used for all purposes; the type of eGuipment discussed here 
as general-purpose equipment is that wrich can be employed for 
several different operations, as, for example, an engine lathe 
in machine-shop work. On the other hand, a machine which 
produces one particular article or rart and no other is a 
special-purpose machine, such as the Bradford Breaker commonly 
used in the coke industry. Ordinarily, a special-purpose 
machine can perform a specified ope,ation better or more 
rapidly than a general-purpose machine, and often a machine 
of the former type may replace several of the latter. 

The survey disclosed that in some instances equipment orig
inally intended to serve a general pur?ose had been modified 
by the addition of a fixture or device for the production of 
a particular article, so that it now fU1ctioned as a special
purpose machine. In a woodworking plant, for example, a series 
of levers and cams had been added to a wood shaper, with the 
result that it turned out only a special shape of ironing 
board. Incidentally, this modification of the machine not only 
increased labor productivity but also ga"!e rise to significant 
changes in the nature of the task performed by the operator. 
Whereas formerly a moderately skilled worker had been required 
to manipulate a single ironing board arJund the cutting tool 
until the edges were smooth and even, now a less skilled 
operator had only to stack a number of boards, which were cut 
and shaped at one time by the machine; tr.e worker then removed 
the cut boards and inserted others. 1 

In the bottling plant surveyed, all the machines (as compared 
with four-fifths in 1931) were special-purpose. More than 

lIn the skill classIfication shown In appendix B, the Job had shifted from 
class C to class D. Skill or workers Is discussed In chapter IV. 
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90 percent of the machinery in the coke plant was specialized 
in 1936 (table ~). The flour industry also was found to rely 
largely on this type of equipment: 70 percent of the machines 
were special-purpose in 1936 as compared with 60 percent 
in 1931. The three industries just mentioned are noted for 
the standard nature of their products. 

Table Z.- GENERAL-PURPOSE AND SPECIAL-PURPOSE MACHINES. 
1911 AND 19lt a 

(P.rc •• tal. of macbi ••• ) 

General purpose Special purpose 
Ind ustry 

1931 1936 1931 1936 

Baking 71 88 29 32 
Candy (b) 48 (tl) 52 
Clothing (c) 89 (c) 11 
Coke 11 7 89 93 
Creamery 28 38 74 62 
Dry cleaning (0 ) 85 (b) 35 

Flour 40 30 80 70 
Food (b) 55 (tl) 45 
Furniture (D) ee (b) 34 
Laundry 77 67 23 33 
Metalworking 88 84 14 18 
Packing (0) 46 (0) 54 

Paint (e) 52 (c) 48 
Printing 78 82 24 38 
Shoe (b) 49 (n) 51 
Woodworking 80 77 20 23 
Woolens 35 45 85 55 

aBased on Identical Dlants In Industries In which 20 or more machines were sur
'/eyed In the given l€'l.r. 
~C~m~rable data not available, 
cLess than 20 machines s~nveyej. 

Of the remaining industries which were resurveyed in 1936, 
the great majority had increased the percentage of special
purpose machines. This is shown in table 2 as well as by data 
fran plants in which the number of machines surveyed was 
small. The cigar plant, for example, had introduced specially 
designed machines to replace hand labor formerly employed 
for: the "making" operations - rolling, bunching, pressing, 
and wrapping. The installation of these machines, which 
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raised the proportion of special-purpose equipment from two
thirds in 1931 to four-fifths in 1936, involved in addition 
a shift from male to female labor.2 A new special-purpose and 
automatic cellophane-wrapping machine had also been installed 
in this plant. 

For identical plants surveyed in :7 industries, there was 
a marked increase (10 percent or more) between 1931 and 1936 
in the proportion of special-purpose nachines in 8 industries; 
in 6 others the change was slight but favored special-purpose 
equipment, and in the other 3 there was proportionally less 
special-purpose equipment in 1936. 

AUTOMATICITY 0' OPERATIONS 

While a machine designed for a special purpose is likely 
to take over a skill for which a trained worker was formerly 
required, the automatic machine, whetrer general- or special
purpose, is responsible for even more far-reaching changes 
in the organization and make-up of the entire labor force, 
involving skilled, semiskilled, and even unskilled workers. 
In several of the plants covered in the present survey, the 
installation of automatic machines i1 large numbers or the 
rendering of old machines automatic cr semiautomatic by the 
application of special fixtures has resulted in a corresponding 
revision of the entire process of procuction. Skilled labor 
has been reduced and in some cases virtually eliminated, and 
training periods for many semiskilled oJerations have been cut 
down. 3 Thus, although a small group of highly skilled "machine 
setters" is always required to set up anj adjust the equipment, 
in actual production semiskilled workers tend to predominate. 

For the 1936 survey the investigators collected information 
on automaticity for all the plants stldied, whereas in 1931 
the staff had noted data on this topic for only part of the 
industries. Because comparable figures are available for 
so few industries, any attempt to draw specific conclusions 
as to the spread of automatic machine:y in this area would 
be unjustified. 

In table 3 percentages of productio~ operations surveyed 
in 1936 are recorded by industries w:th respect to their 

2ror a study of what happens to dlsDlaced hand cIgar workers see DanIel Creamer 
and Gladys V. Swackhamer. Ciia~ Hake~s---Afte~ the La;-off (WPA NatIonal Research 
ProJect. Report No. L-1. Dec. 1937). 
3For a d1scusslon of th1s topIc see chapter IV. 
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performance on automatic machines, on machines in which the 
tools have been preset, and by manual labor. Automatic ma
chines are those which the operator merely starts and stops. 
Machines on which the tools have been preset are semiautomatic 
in operation; after the tools have been set in the machine, 
most commonly by a skilled machine setter, the motions neces
sary to complete the operation are performed by the production 
worker. In contrast to these two degrees of automaticity, 
manual operations require the production worker actually t( 
handle and guide the machine, to use a tool, or to work only 
with his hands. This classification should not, however, 
be interpreted too literally. No machine is ever strictly 
automatic, because at fixed intervals a worker must rlace the 
stock in position. Furthermore, an operation listed as "tools 
preset" may require considerable skill for its completion or 
virtually no skill at all; thus in some cases the performance 
may approximate that on an automatic machine, while in others 
it may be more akin to an operation classed as manual. 

Tab Ie a. - AUTOMATICITY OF OPERATIONS, 19U& 

(Perceata,e of prodactioa operatioDlj 

Semiautomatic 
Industry Automatic (tools preset) Manual 

Bag 14 72 14 
Baking 40 53 7 
Candy 41 43 16 
Carpet 44 56 0 
Cigar 10 58 32 

Clothing 12 71 17 
Coke 88 12 0 
Creamery 47 43 10 
Dry cleaning 28 52 20 
Flour 73 24 3 

Food 49 27 24 
Furniture 17 70 13 
Laundry 37 40 23 
Metalworking 19 60 21 
Packing 42 44 14 

Paint 70 20 10 
Printing 45 47 8 
Shoe 29 65 6 

Woodworking 14 75 11 

Woolens 63 35 2 

aBased on those 1ndus tr1es 1n wh1ch 20 or more operat1ons were surveyed. 
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It is nevertheless of interest to ~ote that in none of the 
23 industries studied in 1936 were more than one-third of the 
operations classified as "manual." ~n 19 of the industries, 
at least four-fifths of the operations were performed on 
automatic or semiautomatic machines. Foremost among the 
industries in which operations in 1 Q36 were overwhelmingly 
automatic was coke manufacture, with almost 90 percent in that 
class. Plants surveyed in the bottling, flour, and paint 
industries reported at least 70 perc~nt of their operations 
as automatic. These industries are aI' characterized by highly 
integrated continuous processes, and relatively few of their 
jobs require manual operation of tools or machinery. 

The plants studied in the cigar, beg, clothing, and wood
working industries, on the other hand, performed only a small 
proportion of their operations on automatic machinery. Here 

the largest proportion was carried Oct on semiautomatic ma
chinery requiring rhe attention of semiskilled operators. 

Among the five industries for which ~he plant data are com
parable for the years 1931 and 1936 (bal-ing, laundry, printing, 
woodworking, and woolens), printing and baking were found 
to have increased substantially the proportion of operations 
on automatic equipment. 4 In the printi1g industry, operations 
on automatic machinery rose from 25 pert:ent in 1931 to 45 per
cent in 1936, while those on seTl\iau·o'TIatic machines also 
increased slightly. Here at least two-thirds of the machines 
which were 3 years old or less fell within the automatic 
category. One fir~ had a new hand-feel folding machine with 
a capacity of 60,000 circulars in 8 ~ours, representing a 
marked advance as compared with the e~uipment used in 1931. 
Another printing firm had a new machine which automatically 
folded 16,000 pamphlets four times withi r 8 hours. 

The increase of automatic operations i1 the baking industry, 
from 12 percent in 1931 to 40 percent in 1936, reflects the 
technological trend in the mechanizei bakeries. Many of 
the operations previously assigned to hand labor, such as 
rolling dough and forming loaves of brt'ad, had by 1936 been 
transferred to machines. 

41n the laundrIes surveyed :here "as a slIght Inc~- lse In automa:lc operatIons 
as well as an Increase in manual operatIons betweer. >31 and 1936. In the woolens 
mills there was some decrease In automatIc operaclon, and a correspondIng increase 
In operations on machines that are tool preset. :n w;odworKlng tnere was a 
substantial declIne In the proportIon or operatIons ~~ -,armed on automatic machInes 
and Increase In semiautomatIc operatIons. 
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All the new e~uipment on which operations were observed 
in the paint industry was automatic, sometlmes representin[ 
a shift from manual operations and sometimes, as in the case 
of the grinder, introducin~ a strikin~ increase in capacity. 
In one plant in this industry two types of auto~atic raint 
grinder were in use; one was over 21 years 011, with" Ci'tracity 
of 200 gallons per 8-hour day, while the new machine turned 
out about twice as much in the same length of time. Other 
innovations were the auto~atic mactine for inserting C0vers 

on the filled cans of paint and that for labeling the cans 
as they roll down the conveyor. 

The laundry industry was found to have effected considerable 
saving in labor and in skills by the introduction of more 
speedy air driers and of semiautomatic shirt pressers. One 
press, with its several attachments, could now be used to iron 
a shirt completely. 

Not only in the industries just mentioned but also in virtu
ally all the others surveyed, the installation of a nel,· Machine 
has usually involved a rise in the level of automaticity. ~or 

is the movement tOlvard automatic performance limited to these 
instances, for there has been a raralle1 trend in the Twin 
Cities il.rea toward the autorr1atization of oloer P'1llipment by the 
application of special fixtures. One of the most sivnificant 
effects of this technological advance has been the modification 
of the worker'S task in factory production, a sUhject which 
will be treated in detail in the following chapter. 
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new automatic machines. Moreover, tilis is one of the indus
tries whose executives have shown a s~ecial interest in motion 
study in recent years. 

Another noteworthy illustration of the trend toward finger 
dexterity was found in the pottery ~ndustry, which in 1936 
had 24 percent of its operations in t~.at category as compared 
with none in 1931. This shift was a~counted for largely by 
a drop in the proportion of hand operctions, from 100 percent 
in 1931 to 71 percent in 1936. 

A similar substitution of finger :or hand dexterity was 
apparent in the bag plant, which had raised its proportion 
of finger operations from 10 to 31 percent and lowered that of 
hand operations from 76 to 46 percent. The laundry industry, 
likewise, was found to be requiring more finger and less hand 
dexterity, having increased finger Jperations from 15 to 
26 percent and decreased hand operation~ from 75 to 51 percent. 
Finally, the woodworking industry had i~creased the percentage 
of operations requiring finger dexterity from 0 to 27 percent 
and had reduced operations using hand dexterity from 100 to 
48 percent. 

In the woolens industry the change between 1931 and 1936 was 
smaller but was in the direction of increased finger dexterity 
at the expense of arm and hand dexterity. Baking was the only 
one of the industries which was found tD have raised markedly 
the proportion of finger operations (from 10 to 32 percent) 
without cutting that for hand operatio1s to any appreciable 
degree. These increases were counter~alanced by the drop 
in foot dexterity from 15 percent of t~e operations in 1931 
to 0 in 1936 and by the decline of arm dexterity from 20 to 
15 percent. 

It might have been expected that these industries would 
show a rise in the percentage of operat:ons calling for foot 
dexterity since the latter is coming i~to increasing favor 
among industrial engineers throughout tr.e country. This was 
not the case, however. Woodworking and laundry alone raised 
the proportion of foot operations, fror 0 percent to 4 and 
3 percent, respectively. On the other hend, all of the seven 
industries, except baking and woolens, sJowed an increase in 
the proportion of operations requiring ar~ dexterity - bag from 
14 to 23 percent, laundry from 10 to 20 percent, pottery from 
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o to 5 percent, printing from 0 to 6 percent, and woodworking 
from 0 to 21 percent. 

TYPES OF RESPONSIBILITY 

Machine set-ups have become more complicated in the movement 
toward automaticity, but the task of mastering this complexity 
has been allocated on the whole to the engineer or to the 
experienced machine setter. In the industries of Minnesota, 
as in the rest of the country, the production worker has had 
less and less brainwork to do in the performance of his job. 
Particularly in recent years has the distinction between the 
semiskilled machine tender and the highly skilled set-up man 
become strongly marked. As a result, even where in 1931 an 
operator may have had to know something about the construction 
of the machine he used, by 1936 such knowledge was no longer 
required of him except in rare instances. 

Machine Set-npi aad BI.eprintl 

In (he present survey it was found that only in high-class 
color printing - and here largely because of union control 
and precedent - were the operators themselves expected to set 
up the presses. In all the other industries, with the possible 
exception of the woolens mills where the production workers 
occasionally adjust the machines, complicated set-ups were 
taken care of by machine setters. 

The same trend was apparent in the matter of blueprint 
reading. Blueprints were being used more widely in 1936 than 
in 1931; many of the concerns surveyed which did not use them 
in the earlier year had by 1936 substituted them for models 
and sketches. They usually were read and interpreted, however, 
not by the production workers but by tool designers and by 
methods and standards men or, in some shops, by the foremen. 

The employment of production engineers was far more wide
spread in 1936 than it had been in 1931, although even then 
the trend in this direction was clearly marked. Today, with 
blueprints and instruction sheets drawn up by experts, the 
worker rarely needs to do more than follow meticulously the 
course laid out for him. As the size of factories continues 
to grow, it may be expected that industrial engineering will 
acquire increasing control over the various operations involved 
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in the manufacture of the finished product, while less and less 
initiative will be expected of the individual worker. 

Acc.r.c, W •••• r •••• t. 

The term "accuracy", when applied to factory operation, 
necessarily varies with the special standards which the product 
must meet. Operations were examined in the present survey 
with regard to the degree of accuracy they required of the 
worker as indicated by the terms "gage", "micrometer", "scale", 
and "rule.,,2 These criteria were employed in the 1931 study 
also, but only with reference to linear measurements. In 1936, 
however, operations such as the careful weighing of material 
on a chemical balance, found principally in the creamery 
and flour industries, were recorded as well. 

In 1936 operations requiring gage or micrometer accuracy of 
the worker were very infrequently found. The requirement 
of scale or rule accuracy was common in a few industries but 
was by po means generally found. Although the vast majority 
of operations required no measurements whatsoever, this does 
not mean that the products were not made to close tolerance. 
Accuracy had been largely built into the machine and its 
attachments, so that the operator was not primarily responsible 
for it. The few operations for which gage or micrometer 
accuracy had to be controlled by the worker were found chiefly 
in the metalworking plants, where for some machines there were 
not enough jobs to warrant the application of special jigs 
and fixtures. Among the industries in which the operator had 
to apply the simpler scale or rule measurements, clothing 
and printing ranked highest. 

C.lcul.tlo •• 

Only a very few of all the operations studied in 1936 re
quired a knowledge of addition, and a similarly small pro
portion called for a knowledge of multiplication or division. 
In the baking industry 9 percent of the operations required 
a knowledge of percentage. In no industry were production 
operations found that required a knowledge of trigonometry or 
calculus. A worker's ability to make calculations is becoming 

210ageo and 'mlcrometer" s1gnlry that measurements are made 1n thousandths and 
ten-thousandths or an Inch; 'scale' and 'rule', that a lesser but positive degree 
or accuracy Is re~ulred. AccuracY requ1rements not controlled by the worker were 
not. however. rec~rded. 
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less and less of an asset in modern industry, with its current 
tendency to preplan the entire process of manufacture. 

CONDITIONS OF WORK 

Side by side with the trend toward a simplification of the 
production worker's task there has been a movement directed 
toward securing optimum performance on the part of the worker. 
This movement is exemplified by changes in methods of paying 
the workers, organization of the work itself, and the length 
of the workweek. 

Metbod. of CompeD.atloD 

For some years there has been a tendency throughout the 

country to replace systems of straight-time payments with 
various types of incentive wage plans which seek to reward 
the worker for extra effort through the granting of bonuses, 
premiums, company stock, or vacations with pay. The ~ational 
Industrial Conference Board reported that in 1928 not more than 
15 percent of the employees in a sample of factories employ
ing up to 1,500 workers received their wages on a straight
time basis. 3 

In recent years there has been another shift in methods of 
compensation, this time in the direction of rationalized hourly 
rates. The reasons for this general movement are to be found 
in the changing nature of industry itself. After bonus or 
piece-rate systems had prevailed for many years, rates and 
standards could be set for most operations on the basis of 
careful time and motion studies. Moreover, with continuing 
technological advance and refinement, speed of performance 
became less and less a matter of choice for the individual 
worker. Thus, once a definite measure of a day's work on 
a particular operation had been established, management found 
that a flat hourly rate would eliminate costly bookkeeping, 
as well as tension on the part of the worker, without in any 
way decreasing the speed or quality of the work. According 
to Frank J. Oliver, "in making the change-over to the flat 
hourly rate, the manufacturers have made no changes in standard 

3The stra1ght-t1me bas1s was used In 33 percent of these plants. S)stems oj Wage 
Payment (New Yor~ Nat10nal Industr1al Conference Board. Inc., 1930). DD. 6-7. 
Small estab11shments were underrepresented 1n the stUdy (ibid .• p. 5). 
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times or in standard costs. . . . . It is expected that the 

same efficiencies will be maintained." 4 Mr. Oliver's statement 
refers only to the Detroit automobile industry, but it is 

also applicable to other industrial situations and other 
parts of the country. 

With regard to the use of accurate time and motion studies 

in the plants surveyed, there was a noteworthy advance in this 

direction in the period since 1931. Recently the mechanical
engineering department of the University of Minnesota has been 
unable to meet the demands of local plants for men adequately 
trained in this field. When time and motion studies are 

instituted, time rates based on production over a standard 

period are often adopted. One of the paint firms surveyed 

had adopted a wage scale derived in this manner; and one of the 
packing plants, after setting a weekly wa~e based on annual 

production, reported that its workers were able to complete 

their daily quota of tasks much more expeditiously than before. 

The data collected for this study show only whether a time 

basis or an incentive device was used in determining wage 

payments, so the degree to which time rates represent ra

tionalized rates cannot be tested. However, incentive wage 
plans seem to have diminished in number since 1931 in the 
few industries for which comparable data are available for 
the two years. The laundry industry reported incentive payment 

on 34 percent of its operations in 1931 but on only 3 percent 
in 1936. The bag plant reported incentive wage plans covering 

58 percent of operations in 1936 as against 91 percent in 1931. 

Pottery in 1931 paid for 13 percent of its operations according 

to a wage-incentive scheme; in 1936 workers on all the opera
tions received compensation in time rates. The baking industry 

decreased incentive wage payments slightlY, from 8 to 5 percent 

of operations; in the woolens industry they were increased 
somewhat, from 6 to 11 percent of operations. 

In the present survey all the industries, except bag, cloth
ing, and shoe, were using time rates for the bulk of their 
operations, and in several industries no production workers 
were paid on the basis of wage-incentive schemes (table 61. 

The food industry, on the other hand, had introduced incentive 

4· It ,S 'Hou~ Rates' ln Detrol:,' factory Management and Maintenance, January 1935, 
p. 10. 
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Table 6. - BASIS FOR WAGE PAYWEnS. 19U
a 

(PerceDia,e of prod.ciio. operatioDI) 

Industry Time basis Incentive wage plans 

Bag 42 58 
Baking 95 5 
Candy 91 9 
Carpet 70 30 
Cigar 56 44 
Clothing 36 64 

Coke 88 12 
Creamery 100 a 
Dry cleaning 100 a 
Flour 96 4 
Food 81 19 

Furniture 72 28 
Laundry 97 3 
Metalworking 92 8 
Packing 97 3 
Paint 98 2 

Pottery 100 a 
Printing 99 1 
Shoe 4 96 
Woodworking 92 8 
Woolens 89 11 

aBased on those Industries In which 20 or more operat1ons were surveyej. 

payment for some of its operations since 1931, when all oper
ations had been paid for on a time basis. 5 

Met~od. of PerformaDce 

Teamwork.- In some cases in which wage-incentive plans have 
been introduced, there has also been a shift to teamwork. 
Management found that if men worked in groups rather than 
singly where this was technically feasible, production was 
almost always increased, particularly when a bonus or some 
other incentive was offered for augmented productivity. Even 
after incentives had been discarded, teamwork retained many 
of its advantages, so that it tended to survive in some of the 
plants which reverted to time rates of payment. Working 
in groups builds up a certain rhythm which, when properly 

5In this Industry some plants surveyed In 1931 were not resurveyed In 1936. but all 
plants surveyed In 1936 were also 1ncluded In the earlier year. 
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controlled, enables the men to perform their tasks more rapidly 
without becoming more fatigued. This is especially true 
in assembly work. 

In the five industries for which comparable data are avail
able for both 1931 and 1936, there was little change in the 
percentage of operations performed by teamwork except in 
the baking industry. Here 92 percent of the operations in 1931 
were carried on in teams; this figure had dropped to 27 percent 
by 1936. 6 

Excepting the baking industry, the industry in which the 
highest proportion of operations was performed in teams in 
1936 was bottling, although even here only one-quarter were 

Table 7.- TEAMWOU AND PACiliG OF WOUERS. 19811 a 

(Perceuta,e of productiou operatio •• ) 

Work performed - Workers -
Industry 

Individually In teams Self-paced paced 

Bag 95 5 39 61 
Baking 73 27 67 33 
Candy 86 I 14 53 47 
Carpet 98 I 4 58 44 
Cigar 81 19 89 11 
Clothing 97 3 100 0 

Coke 78 22 22 78 
Creamery 93 7 75 25 
Dry cleaning 100 0 87 13 
Flour 98 2 55 45 
Food 92 8 53 47 

Furniture 98 4 88 12 
Laundry 88 

I 
12 70 30 

Metalworking 93 
I 

7 84 18 
Packing 81 19 15 85 

! 
Paint 90 10 70 30 

I 

I 
Pottery 89 11 

I 

74 26 
Printing 94 I 8 80 20 

I Shoe 100 

1 
0 95 5 

Woodworking 87 13 70 30 
Woolens 85 15 64 36 

aBased on those Industries In which 20 or more operations were surveyed. 

6rn the other Industries the changes In teamwork were from 14 to 12 percent In 
laundry, from 19 to 15 percent In woolens. from 10 to 11 percelit In pottery, 
and from 0 to 5 percent In bag. 
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in this category. In plants surveyed in the cigar, coke, 
and packing industries, about 20 percent of th~ operations 
involved teamwork in 1936 (table 7). The shoe and dry-cleaning 
industries, on the other hand, had no teamwork at all. 

Pacinf.- Far more important as a method of increasing pro
ductivity on the part of the worker is the device of pacing, 
that is, the establishment of regular time limits for the 
performance of an operation. Such limits are set most commonly 
by the conveyor belt, which, as it moves, allows so many 
seconds or minutes for each operation, and by machines which 
run automatically in time intervals. The speed of a worker 
who feeds a printing press, for i~stance, is controlled by 
the machine. On the other hand, workers who operate machines 
whose speed can be varied set their own pace, as do those 
who are not engaged on machines at all. 

Table 7 shows that in the industries covered in this study, 
pacing was applied much more widely than was teamwork, a 
fact which reflects the use of conveyors and other automatic 
equipment. In the packing industry in 1936, 85 percent of the 
operations were paced, in coke 78 percent, and in creamery 
75 percent. 

Pacing was found to have risen in the woolens industry from 
3 to 36 percent, in the laundry industry from 20 to 30 percent, 
and in the bag plant from 23 to 61 percent. Of the two re
maining industries for which there are comparable data for 
the two years, both baking and pottery dropped their proportion 
of paced operations, the former from 72 percent to 33, and 
the latter from 39 percent to 26. 

BOlr. of work 

Although comparable figures on standard hours of work per 
week are available for only a few of the industries covered in 
both 1931 and 1936, those for which such data can be presented 
show a decided trend toward the shorter workweek (table 8). 
In printing, for example, hours were reduced to qo or le5s for 
96 percent of the operatioils, whereas in 1931 the hours for all 
operations in this industry were from q1 to q5. In 1931 
standard hours were over qo on all operations reported in the 
five industries, but by 1936 a substantial portion were qo or 
under, and few were above q5 in any industry except laundry. 
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Table 8.- STAIDARD BOURS WOIIED PER WEBI. 1.11 AID l'l,a 

(Perceltl,e of prod,cliol oparatiol.) 

Number of hours per week 

Industry 40 or under 41-45 46-50 51-55 

1931 1936 1931 1936 1931 1936 1931 1936 

Baking 0 35 0 64 0 1 100 0 
Laundry 0 32 0 57 49 11 51 0 
Printing 0 96 100 4 0 0 0 0 
Woodworking 0 62 0 37 100 1 0 0 
Woolens 0 64 3 32 97 4 0 0 

aBased on 1dentical plants 1n IndustrIes 1n whIch 50 or more operatIons were 
surveyed In both years. 

Table '.- STAIDARD BOURS WORIED PER WEBI. l'l,a 

(Percelta,a of prodlcliol oparaliol') 

Number of hours per week 
Industry 

40 or under Over 40 

Bag 92 8 
Baking 35 65 
Candy 79 21 
Carpet 10 90 
Cigar 30 70 
Clothing 79 21 

Coke 100 0 
Creamery 2 98 
Dry cleaning 56 44 
Flour 9 91 
Food 75 25 

Furniture 57 43 
Laundry 32 6e 
Metalworking 65 35 
Packing 70 30 
Paint 74 26 

Pottery 0 100 
Printing 96 4 
Shoe 61 39 
Woodworking 62 38 
Woolens 64 36 

aBased on those Industr1es 1n whIch 20 or more operatIons were surVeyed. 
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Even where no comparisons can be made with 1931, the list 
of industries in which the bulk of the operations were per
formed in 1936 on a weekly basis of less than ~o hours is 
decidedly impressive Itable 9). In 1~ of 21 industries the 
standard hours reported were ~o or less for at least half 
of the operations. 



CHAPTER IV 

THE WORKER 

One of the objectives of this study was to determine whether 
in the period 1931-36 any noteworthy changes had occurred in 
the proportions of men and women employed and, if so, in which 
industries such shifts were most marked. Another objective was 
to record significant modifications in the skill requirements 
for· factory jobs and the type of training received by workers 
and to note whether any general tendencies were observable in 
these data. This chapter presents the findings of the survey 
with respect to changes in the composition of the working force 
and embraces such topics as sex, age, length of training 
periods required and methods of instruction, mobility of the 
workers, and shifts in skills found among workers. The basic 
unit of observation here was the worker himself, and the 
data represent, for the most part, the responses made to 
the investigators by the individual employees questioned. 1 

SEX AID AGE 

Table 10 shows the composltlon of the 23 industries covered 
in 1936 both as to age and sex of the 2,026 workers surveyed. 
Six of the industries - clothing, cigar, knitting, dry-cleaning, 
laundry, and food - reported a majority of women workers. 
Among the industries Which relied mostly or exclusively on 
male workers were metalworking, woodworking, furniture, pack
ing, and printing. 

It will be noted in table 11 that between 1931 and 1936 the 
proportion of female workers was substantially increased in two 
industries, while in almost all others the changes in either 
direction were small. 2 The employment of women in industry is 
one expedient in the widespread drive on the part of employers 
to lower costs of production. A shift to female labor may be 
facilitated by the substitution of machines for hand operation, 
the automatization of machines, the revision of plant lay-out, 

tIt 18 to be remembere~ (see chapter I) that the ~ata ~o not represent all 
productlon workers In the clgar. creamery. and woolens plants surveye~. 
2Sharp ~ecrea8es In the proportlon of women workers were recor~ed 1n the bag and 
pottery Industries. For both of these. however. the f1eld sample was small. 

31 
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Table 10.- AGB AND SEI or WORKERS. 1918 

Hen Wo.en 
Total 

Industry surveyed I A,e in years Atie in years 

in each Total Over Total I I!: Over industry! 10-'9 20-24 25_31 35_44 
44 10-19 20-24 25_34 3,";-44 44 I 

Bag 18 I 15 0 1 1 e 7 3 0 1 1 1 C 
BaklnQ 153 

I 
83 1 14 46 17 0 70 6 33 24 3 • 

BottlinQ 10 I 10 0 4 3 3 0 0 0 0 0 0 0 

Candy 90 49 5 19 14 7 4 46 1 22 13 7 3 
Carpet 24 21 1 0 8 0 2 3 C 0 1 0 2 

Cigar 43 9 0 0 1 2 6 34 1 11 11 9 2 

ClothinQ 32 4 0 0 0 3 1 28 0 7 9 e e 
Coke 25 26 0 0 4 6 10 0 a 0 0 0 0 
Creamery 9:l 71 0 8 19 20 24 19 1 5 11 1 1 
Dry cleanin~ 55 18 0 1 6 9 2 37 2 8 e 14 7 

Flour 23 21 0 2 9 3 7 2 0 
I 

0 0 1 1 
Food 56 23 0 3 I> 6 8 33 2 15 10 5 1 
Furni ture 22E 195 6 35 67 45 42 33 3 13 i 10 3 4 
KnlttlnQ 8 3 0 0 1 1 1 5 0 0 4 0 1 
Laundry 85 27 1 5 7 10 4 58 0 5 I 22 17 14 

Metalworking 308 293 11 41 98 82 61 15 1 7 4 3 0 

Packing 219 188 4 38 91 38 17 31 4 17 4 4 2 

Pa ~nt 39 37 0 3 13 10 11 2 0 1 1 0 0 
Pottery 20 17 0 3 7 1 6 3 1 1 1 0 0 

Printing 151 120 0 10 46 37 27 31 0 0 12 7 7 

Shoe 42 29 () 1 14 8 6 13 0 0 7 6 0 

Woodworking 231 231 10 38 55 43 85 0 0 0 0 0 0 

Woolens 71 54 1 7 16 19 11 1 ? a 5 7 5 0 

further division of labor, integration of machinery, or a 
combination of several of these factors. 

In the cigar plant, which raised the proportion of women 
workers from 58 to 79 percent, far-reaching technological 
changes had taken place between 1931 and 1936. Special
purpose, semiautomatic, and automatic equipment had been 
introduced, reducing the amount of skill required of the worker 
so that it was now feasible to employ semiskilled or unskilled 
women rather than highly skilled men to regulate and feed 
the new machines (see chapter II). In this plant there was 
a sharp decrease in the proportion of all workers who were men 
OVer 44 and a sharp increase in the proportion who were women 
between 20 and 34 years of age. 

In one of the industries for which the plant constituency is 
not the same in the two years, there had been a series of 
strikes, during which many women were hired at low wages to 
replace men who were demanding an increase in pay. 

1n one candy plant, production and the proportion of female 
W~rKcrs expanded markedly during this period. In the earlier 
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Table 11.- SEI or WORKERS. 1911 AND 1915 a 

(Prod.etioa workera) 

I Total number Percentage distribution 

Industry surveyed Men l Women 

I 19~_1938 1931 I 1938 1931 1938 

• 

i I 

Bag 34 
I 

19 82 I 83 38 17 
Baking 230 I 153 70 I 54 30 48 j 

Carpet 
I 

28 24 8:' I 87 19 13 
I 

Cigar i 38 43 42 21 58 79 
Clothing i 89 I 32 18 I 13 82 87 

I 

I I 

Creamery 
I 

173 90 78 
I 

79 22 21 
Flour 

I 

92 I 23 93 91 7 9 
Laundry 181 85 28 , 32 74 €8 
Metalworking 240 308 98 95 2 5 
Paint I 17 39 94 95 8 5 

I 

Pottery 

I 
30 20 83 85 37 15 

Printing 181 I 151 83 I 79 17 21 
Wocdworking 

I 
237 

I 
231 98 100 2 0 

Woolens 100 71 88 i 78 32 24 

aBased en lCentlcal ~lants. 

year, when the plant was small, men made the candy and women 
were employed as dippers and packers. Upon its expansion, 
although the same division of labor was retained, the installa

tion of cookers of increased capacity and efficiency made 
unnecessary the addition of an appreciable number of men. 
New automatic molding and dipping machines, however, were 
tended by women, and because of the augmented volume of produc
tion more women were taken on in the packing department. 

In the baking industry female workers increased from 30 to 
~6 percent of the total. Those plants which still maintained 
handicraft conditions had further subdivided the work and 
employed many women on the simpler operations, while the 
mechanized plants had augmented the proportion of machine 
operations performed by women. 

According to table 10, male production workers in the indus
tries surveyed were concentrated in the ages 2S to 34. In 
general, there were more men 3S to 44 years old than 20 to 24. 

On the other hand, in most industries the women were chiefly 
between 20 and 34 years old. There were, in general, about as 
many women in the age group 20 to 24 as in the group 25 to 34. 
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A few female workers 45 years old or over were found in most 
of the industries, but, except in the clothing, dry-cleaning, 
laundry, and printing industries, they were a very small 
proportion either of all women or of all workers surveyed. 
Men over 44 years old were much more frequently found and in 
7 of the 23 industries accounted for 20 percent or more of all 
workers surveyed. The manner in which male and female workers 
are distributed over the various age groups indicates that 
women enter industry at an earlier age than men and drop out 
sooner, a tendency which was apparent in the 1931 study as well. 

The relative absence, both in 1931 and 1936, of workers under 
20 years of age reflects the functioning of the minimum-wage 
law in Minnesota, which has been amended since 1931 to protect 
girls under 21 years of age as well as boys. Formerly it 
applied to boys under 21 and to girls under 18. The law still 
contains a loophole for the hiring of workers between the ages 
of 16 and 18 through three graduated learners' rates, but no 
child under 16 years of age may be employed in the State, 
unless a special work permit is i5sued by the Industrial 
Commission. Neither in 1931 nor in 1936 was any worker under 
16 found in any plant surveyed, and in the latter year only 
four were between 16 and 18 - two boys in the metalworking 
industry, one in furniture, and one in the woolens industry. 

For a few of the industries in which identical plants were 
surveyed there are sufficient data for the tabulation of 
changes in the age group and sex of workers. Table 12 shows 
that in the metalworking industry between 1931 and 1936 there 
was a substantial decline, from 44 to 26 percent, in the 
proportion of workers who were men and 35 to 44 years old and 
a rise from 34 to 45 percent in the 20 to 34 year old male 
category. In the baking industry the proportion of women 20 to 
34 years old increased at the expense of men of the same age 
group, while in the laundry industry a drop in the proportion 
of women 20 to 34 years old WaS accompanied by an increase 
of men 35 to 44 years old. There was a substantial rise in 
the proportion of men over 34 in the creamery industry and 
of ~en over 44 in the woodworking industry. Smaller increases 
in the proportion of older men and women were rec0rded for 
the printing industry. 

Even in these cases, of course, the age compositior cannot be 
considered as typical for the industries which these identical 
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Table 12.- AGE AND SEX OF WORKERS, 1981 AND 19ae a 

(Perce.ta,e of prodactioa worter.) 

Age in years 
Sex and 
industry 10-19 20-34 35-44 Over 44 

1931 1936 1931 1936 1931 1936 1931 1930 

Men 

Baking 4 1 52 39 11 11 3 3 
Creamery 1 0 54 30 13 22 10 27 
Laundry 4 1 15 14 2 12 4 5 
Metalworking 1 4 34 45 44 26 19 20 
Printing 3 0 41 37 22 25 17 18 
Woodworking 4 4 40 40 27 19 27 37 

Women 

Baking 2 4 

I 
22 37 6 2 0 3 

Creamery 1 1 19 18 2 1 0 1 
Laundry 2 0 36 32 23 20 14 16 
Metalworking 0 1 2 3 0 1 0 0 
Printing 1 0 14 11 2 5 0 4 
Woodworking 0 0 1 0 1 0 0 0 

aBased on identical plants in Industries in which 85 or more workers were surveyed 
in both years. 

plants represent, since new plants or plants which have under

gone a change of mana~ement may be expected in general to 
obtain a labor force which is younger than that of plants 

which have been established for a period of years. This is 
illustrated by one of the lndustries whose plant composition 
was different for the two surveys, shoe manufacture, which in 

1931 provided a notable source of jobs for women over 44. 
One of the shoe plants which employed older women in 1931 had 
moved out of the State in the intervening period; a second 
plant went through bankruptcy, closed down entirely for a time, 
and finally reopened under new management, with all its female 

employees between the ages of 25 and 44. 

A,. Limit. 

In the present study, as in the earlier one, the staff sought 

to obtain information as to the establishment of age limits 
for factory operations. From the responses vouchsafed by most 
executives of the plants covered, it would appear that very 
few maintain a definite policy with regard to this question. 
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However, it is beyond doubt that there is a conspiracy of 
silence on the part of industry about the entire subject of age 
restrictions. The personnel manager of a large production 
plant in the East, who must necessarily remain anonymous, 
writes informally as follows: 

Industry will not discuss age limits. In this 
country any industry of any worth or size, in compe
tition with other industries, must of necessity set 
an aie limit at which workers are employed. I would 
not like to be a man over 40 years of age who is 
without a special trade or special experience and 
without a job. There are exceptions, but I know 
definitely that the hiring age in industry is not 
much over 40. In one concern where I worked we were 
told to say that no age limits were set, that only 
ability was considered, but if we hired anyone of 40 
or over without an extremely good reason our own jobs 
were worth nothing. No indus~ry will admit these 
facts; from a social viewpoint it seems wrong, but 
from a purely business standpoint it is absolutely 
necessary to meet the demands of efficiency and 
competition. 

A negligible percentage of the operations resurveyed in 1936 
was subject to admitted, fixed age limits. It is perhaps 
worth noting that those operations for which a limit of under 
30 years had been set - a few in the bag, baking, candy, food, 
and knitting industries - generally entailed neither the 
handling of heavy weights nor the exercise of any particularly 
high grade of skill on the part of the worker, and that the 
workers on a number of them were already older than ~he speci
fied age limit. The exception was the bag industry, where most 
of the operations for which age limits had been established 
necessitated the handling of weights of 100 pounds or more. 

TIAIXIXG TIE WOllER 

How much and what sort of training does a worker need to 
function without direction? Was there any discernible modifi
cation in these requirements between 1931 and 1936? The data 
presented here tend to support the contention put forward in the 
1931 study that advances in production technique have not only 
drastically cut down the time necessary for training but have 
also given rise to significant changes in the qualifications 
demanded of the worker. There is a strong indication, more-
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over, that the process of increasing division of labor through 
increased mechanization is still running its course. That 

course may not now be so rapid or so revolutionary as before, 
but it is still causing important developments in industry and 

is showing a tendency to continue in that direction. 

Lenrth of Tralal., Period. 

The training time necessary for a job is one of the main 
elements in the skill classification of the job. The time 
needed for training varies a great deal with the nature of 
the industry, and, in general, jobs in hand-operated plants 
demand longer training than those in mechanized factories even 
within the same industry. In this study, however, it was 
apparent that the movement to curtail periods of training 
had not been limited to mechanized establishments and that, 
where hand operations prevailed, many of the jobs had been so 

modified as to require less training than formerly. 

The baking industry affords a good example. Table 13 shows 

that in 1931 the mechanized bakeries required a training period 
of less than 9 months for 86 percent of the workers surveyed, 
whereas in the hand-operated bakeries this period was suf
ficient for only 38 percent. Five years later, a training time 
of less than 9 months was found satisfactory for 88 percent of 
the workers in the hand-operated bakeries and for 89 percent 
in the mechanized bakeries. In the hand-operated bakeries, 
moreover, the proportion of workers requiring a training time 
of less than half a month increased from 8 percent in 1931 

to ~5 in 1936, and jobs with a training period of from half 
a month to 2 months rose from 15 to 27 percent; on the other 
hand, the proportion requiring from 2 to ~ years decreased 
from 32 to 5 percent. In their competitive struggle with 
the mechanized plants, hand-operated bakeries obviously passed 
through a major adjustment during the years from 1931 to 1936, 
drastically cutting the time necessary for training workers. 
This curtailment of training periods is to be attributed 
largely to further division of labor and more efficient manage
ment. In some of the hand-operated bakeries where formerly one 
baker had made a complete product, there had been introduced 
a sort of assembly line, with each worker performing one 
simple operation. 
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Table 11.- LENGTH OF TRAINING PERIOD REQUIRED, 1911 AND 1985a 

(Percentale of production worlsrl) 

Less than 
1 

to 2 3 to 9 10 months 2 years ! .- Over 4 

Industry i month months months to 2 years t04years! years 

1931 1936 1931 1936 1931 1936 1931 1936 1931 1936: 1931 1936 

Baking 
Hand-operated 8 45 15 27 15 16 30 7 32 5 0 0 
Mecbanized 53 3B 27 36 6 15 14 10 0 1 0 0 

Candy (b) 32 (b) 22 (b) 12 (b) 18 (b) 15 (b) 1 
Creamery 44 43 13 19 0 20 37 12 4 0 2 6 
Furniture (b) 41 (b) 32 (b) 12 (b) 9 : b) 5 (b 1 1 
Laundry 20 39 38 43 32 9 \) 9 1 i 0 0 0 
Metalworking 4 20 22 30 11 16 20 23 42 

I 
7 I 1 4 

Packing" 45 35 37 47 15 11 2 4 1 3 I 0 0 
I 

Printing 
Engrav ingd 6 14 2 11 6 6 9 6 32 28 45 35 
Simple 0 8 48 14 20 10 8 24 20 18 4 26 

Woodworking (b) 24 (b) 21 (b) 9 ( b) 37 (b) J 9 ( b) 0 

~e4 on ident1cal plants In IndustrIes In "hlch 86 or mOre workers 'Nere su~eyed In the g1ven year. 
C<8p&rable <1ata not avallable. 

~Da.ta tor 1931 tabulated from rUes or the ear11er study. 

Includes nIgh-class printIng and newspaper Dr-lotIng .. 

The reduction in training time was found to have affected 
also the type of job the hand-operated bakeries now offered to 

their employees. In 1931, 32 percent of the workers in these 
bakeries had jobs in class B,3 or the second grade of skilled 
workers; ~o percent in class C, or the first grade of semi
skilled operators; 26 percent in class D; and 2 percent in 
class E or unskilled labor (table 15). In 1936 there were 
6 percent in class B, 22 percent in class C, 68 percent in 
class D, and ~ percent in class E. 

In the printing industry the differences between the tralnlng 
periods required for simple printing jobs and those for high
class color printing and the better grade of black and white 
work had been virtually eliminated. In 1931, 68 percent of the 
workers surveyed in simple printing but only 1~ percent in 
high-class work had had a training period of 9 months or less; 
in 1936 these percentages in the same plants were 32 and 31, 

respectively. There was not such a close approximation between 
the two branches of the printing industry with regard to the 
longer periods; yet here, too, much of the difference had been 
wiped out. The decline of extensive training for high-class 
work is to be credited to the installation of new automatic 

3see aDDend1x B for 'Skill Class1f1cat1on of Industr1al Jobs,' 
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and semiautomatic equipment, which explains also the increase 
in jobs capable of being learned in a few months. The rise 
in the proportion of jobs in the simple printing industry for 
which more extended training periods were prescribed does not 
indicate a reversion to more difficult production methods but 
reflects the recent adoption of an apprenticeship system in one 
of the large plants. 

In each of the industries for which data are presented in 
table 13, except in the laundries, there was a considerable 
increase in the proportion of workers whose training period was 
9 months or less. This tendency was also clear in the other 
industries in which the same plants were covered in 1931 and 
1936 but where the number of workers surveyed was small. 4 

In most of the industries, moreover, there were appreciable 
increases in the percentage of Jobs requiring a training time 
of less than half a month. In several industries, indeed, it 
was found that there were a number of jobs for which the worker 
needed no training whatever (see table 14). 

The widespread reductlons in training time are attributable 
largely to improved methorls of production and to better ma
chine lay-outs; in some cases they were brought about through 
mechanization alone and in others through mechanization in 
conjunction with the two factors just mentioned. In the cigar 
industry, the installation of machines not only displaced 
skilled male workers but alsc made unnecessary any prolonged 
traininf of the women brought in to replace them. In the spe
cialized woodworking and metalworking plants, the application 
of jigs, fixtures, and other devices served to cut down the 
degree of skill, and therefore of training, required for 
many jobs. During the period 1931-36, a number of the plants 
studied had set up industrial-engineering departments composed 
of men trained in production methods and factory management who 
were to determine how manufacturing costs lnight be lowered. In 
one plant surveyed they designed new equipment, improved pro
duction techniques, arranged machine lay-outs more effectively, 
and eliminated considerable waste of materials. 5 

4The proportIon of workers surveyed requlrlng a tralnlng perlod of 9 months or less 
lncreased ln the bag, carpet. elgar, coke, cream~~y, flour, palnt, and woolens 
lndustrles; was unchanged ln the buctllng plant; and decreased ln the cln:hlng 
and pottery lndustries. 
SIn th1s plant they were able to effect a saVIng of $15.000 a year on one operat10n 
alone by ellmlnatlng overruns. Whereas formerly tor an order of 20 pleces. say 30 
or 40 pIeces had been cut, now for an order ot 20 p1eces, exactly 20 were cut. 
In part :he rate of pay was based on the worker's ab111ty to produce 20 perfect 
p1eces when 20 had been ordered. 
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The shortened training time affects employer as well as 
employee. If highly skilled workers were necessary for his 
business, the manufacturer would have more difficulty in 
obtaining an adequate working force and, having once selected 
his men, would hesitate to lay them off in slack times despite 
the high wages he had to pay. With advances in production 
methods and shorter training periods, he can quickly expand 
or reduce his force according to the changing demand for his 
product without losing a disproportionate amount of time and 
money in training new workers. The employee, on the other 
hand, is able to reach the peak of his productive capacity 
sooner and thus to attain the maximum pay for his work in 
a shorter time. The maximum pay for quickly learned jobs, 
however, is less than that for jobs requiring a higher degree 
of skill. 

Metaoda of Tr.1.1., 

With the changes in production Iechnique, semiskilled oper
ators have come to supplant most of the highly skilled workers. 
Nevertheless, some industries will always require some skilled 
workers, and many have recently learned to their cost that 
their former lack of interest in the availability of this type 
of worker has been responsible in large measure for a shortage 
of workers with special skills. 

It is significant, therefore, that the number of industries 
which used the apprenticeship method for training some of their 
employees was greater in 1936 than in 1931, a development which 
may reflect management's concern in 1936 with the problems 
of scarcity and cost of skilled workers. As table 14 shows, 
the baking industry, which reported no apprentice training in 
1931, had introduced it for 12 percent of the workers surveyed 
in 1936. The metalworking industry had adopted apprenticeship 
for 8 percent of its jobs, and the furniture industry for 
S percent. The chief concentration of apprenticeship was found 
in the printing industry, as it had been in 1931. Some shifts 
had occurred within this industry, however. In 1931 simple 
printing had no apprentices, whereas high-class printing 
trained workers for 61 percent of its jobs in this manner; 
by 1936 the proportion in simple printing had jumped to S5 per
cent, while that in fine printing had declined to 43 percent. 
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Table 14.- TYPE OF TRAIlING REQUIRED. 1911 AND 19ae a 

(Perce.la,e of prod.clio. worker.) 

87 Bpeclal-
Vocational No By experlenced training Apprentice-

training foremaD operator institute school ship 
Industry 

1931 1936 1931 1936 1931 1936 1931 1936 1931 1936 1931 1936 

Baking 0 7 50 •• 50 31 0 3 0 3 0 12 
Candyb 0 12 79 eo 3 26 0 1 0 1 18 0 
Creaaery (c J 13 ( cl 43 (e J 35 (el 6 ( cl 1 ( cl 1 
Pood b 0 8 43 50 55 39 0 3 0 0 1 0 

Purnlture ( cJ 5 (c I 55 ( cl 32 ( cl 1 (c I 1 ( cl 5 
Laundry 0 7 44 42 56 49 0 a a 1 a 1 
Metalworking 0 4 39 47 61 31 0 4 a 6 a 8 
packlngb a 6 94 

I 
55 6 34 0 2 a 1 0 2 

I 

Printing I 
Engraving d 1 4 19 20 

I 
15 27 3 4 1 2 61 43 

Slaple a 2 10 12 00 19 0 7 0 3 0 55 

Woodworking 5 12 51 
45 I 41 28 0 2 0 2 3 11 

Woolens a 1 00 48 la 47 0 1 0 2 0 1 

~ed. on lc1entlcd pl8.11ts in 1r'1.d\lstrles 11'. l'IhlC't 60 or more "o!')tera tlert sun-eJed In the given yea!'s. 

boats. tor 1931 tabulated ere.. tlles Qr ttle ear11er study. 

eC~rabl. data not available. 

dIDC1WS •• hllb-Clua pr1ntlna; IlId D""paper prlntlna. 

College 

1931 1936 

0 0 
0 0 

( cl 1 
1 0 

( cl 1 
a a 
a a 
a 0 

0 0 
0 2 

a 0 
0 0 

Special-training institutes also had a wider representation 
among the industries resurveyed in 1936. In 1931 workers 
trained in this manner were employed in very few of the oper
ations studied, and those were in a very few industries. In 
1936, although the proportions were extremely small in all 
cases, special-training institutes had prepared some workers 
in a majority of the industries covered. 

For the bulk of the workers surveyed, training in the factory 
itself was the sole type of preparation in 1936 as it had been 
in 1931. There was a considerable rise, moreover, in jobs 
requiring no training at all. 

Factory training, while it might appear at first glance to be 
the most desirable type of instruction, has certain serious 
disadvantages. If a plant is not operated with maximum effi
ciency, its development is likely to be still further retarded 
if it trains its workers in methods which more successful 
plants have already discarded. Furthermore, it does not make 
for operating economy to impose upon foremen and highly trained 
workers the task of teaching the inexperienced at the cost of 
their own productivity. 

Personnel requirements have changed with the technological 
advance of industry. Detailed knowledge of the functioning of 
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a particular machine is less necessary to the production worker 
now than formerly when jobs were more complicated and less 
quickly learned. 6 More and more attention is being devoted to 
conserving lnaterials, time, and energy. Thanks to the simpli
fication of individual operations, the primary qualification 
expected of a worker is no longer mastery of a machine or 
process. Management is tending increasingly to recognize 
that a high development of dexterity and bimanufiability 
(the ability to use both hands at the same time but in dif
ferent motions) is a far more valuable asset. 7 Operations 
in mass-production industries are becoming basically more 
and more similar, and a shift of emphasis from training in 
particular skills, in which vocational schools have heretofore 
specialized, to instruction in the general principles and 
processes of contemporary industry might well be indicated. 
At the present time, however, very few vocational schools have 
begun to work out course material for the production worker. 

SKILL OP WORKERS 

In order to determine the extent and incidence of shifts in 
skills, workers were classified in 1936, as they had been 
in 1931, according to the degree of skill demanded by the oper
ations upon which they were engaged. Since the classification 
f6llowed is somewhat unusual, a brief explanation is here 
presented of the manner in which the term "skill" has been used 
as well as of the basis upon which the workers surveyed have 
been graded. 8 As defined in technical li terat ure, "skill" in
cludes varying degrees of judgment and manipulative dexterity. 
While "skilled", "ser:Jiskilled", and "unskilled" were recognized 
as satisfactory terms for a broad indication of a worker's 
status, it was found advisable, for the type of survey under
taken in this instance, to set up more or less arbitrary 
divisions within those categories. Of two men generally 

6However. because of the very nature of the movement toward mechanization. some 
generally skllled mach1n1sts. tool makers. and oU,er mechanics are and always w1ll 
be requ1red to bu1ld. adJust. and ma1nta1n the production equipment. 
7It 1s true that not all authoritIes agree that these qualities can be taught or 
learned. One psychologist. Dr. Walter Bingham or the Stevens InstItute 1n Hoboken. 
New Jersey. 15 at present engaged In research to determine whether such trainIng 
would be fruitful. Although he has not yet reached definItIve conclusIons. h1s 
r1ndlngs seem to IndIcate that both dexterIty and bimanufiability may be acquired 
by instruct1on. 
SA more complete descrIptIon of the quallflcat10ns of the varIous classes. together 
wlth a l'st of the prIncIpal JObs In each. Is to be found In appendIx B. The sklll 
ratIng was determ1ned by the fIeld staff. not by the worker. 
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considered as semiskilled, one may perform an operation re
quiring not only more manipulative dexterity but also more 
judgment than the other. In order to further a more precise 
evaluation of a worker's services, therefore, skilled operators 
were listed in this study under classes A and B, semiskilled 
under classes C and D, and the unskilled under class E. 

Within the factories themselves the workers were not actually 
classified as in this survey, although they were paid their 
wages according to the type of appraisal described here. Not 
many generations ago the majority of workers were masters of 
a trade, and the semiskilled were scarcely recognized as such. 
Today, with the exception of the tool maker and the compara
tively new machine setter, the highly skilled are yielding 
place to the intermediate groups, as are also the totally 
unskilled. This tendency may be expected to advance as labor 
is further subdivided, training time cut down, and automatic 
machinery more widely applied. 

A comparison for 1931 and 1936 of the data on class A and 
class B jobs in table 15 offers some evidence in support of 
the contention that the highest skills are still losing ground 
in many industries. Much more spectacular, however, was the 
decline in class E jobs. In 1931 virtually all the industries 
covered had some production workers so classified; in 1936 
the proportions had dropped in the majority of industries 
surveyed, and in several plants this type of job had dis
appeared altogether. The same tendency was observable in 
the other resurveyed plants not shown in table 15. 9 Few of the 
plants resurveyed had many class A jobs, whereas in every 
industry the plants had a substantial proportion of jobs 
in classes C and D; these had increased at the expense of 
occupations in classes A or E in most cases. 

Today in the few skilled trades surviving in production 
work in manufacturing industries, every effort is being made 
to reduce the importance of human labor through the use of 
machinery and the adoption of cheaper methods of production. 
For example, in one of the metalworking plants surveyed, hand
operated punch presses were formerly used in the manufacture 
of heating and ventilating equipment, and the parts were 

9In che bag and carpet 1ndustries there was a decl1ne 1n both sk111ed and unsk111ed 
Jobs; 1n bott11ng and cloth1ng, an 1ncrease 1n sk111ed but a greater dec11ne 1n 
unsk11led; 1n coke and flour, an increase 1n sk11led and a s11ghtly smaller dec11ne 
1n unskilled; in pottery, a slIght 1ncrease 1n both skliled and unsk111ed Jobs. 
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T&ble 1'.- SKILL OF WORKERS. 1981 AND 198&s 

(Perceat&,e of prodactioa worter.) 

1931 1936 

Classification b Classification b 

In1ustry Semi- Un- Semi- Un-
Skilled skilled skilled Ski lled ski 11 ed skilled 

A 8 C D E A B C D E 

3akb g , 

Ii and-ope ra ted 0 32 40 26 2 0 6 I 22 I 68 4 
!1echani zed 0 2 20 63 15 0 19 13 I 63 5 I i 

I 
! 

Candyc 0 17 24 52 7 J 11 26 I 46 i 17 i 
I 

Cigar ( d) ( d) ( d) ( d) ( d) 0 21 20 53 ! 6 
Creamery 1 3 25 40 31 1 16 I 25 

I 
47 11 

Dry cieaning ( e) ( e) (e) ( e) (e) 1 5 49 42 ! 3 
Food c 0 3 23 45 29 2 5 29 61 I 2 

F\~rni ture (e) (e) ( e) (e) (e) 3 14 I 34 , 42 : 1 
Laundry 0 2 30 58 10 0 

I 
5 4J 5J 

I 
4 

! i 
Metal workin~ 2 20 39 27 I 12 7 i 23 36 22 6 
Packing (e) (e) (e: (e) i (e) 1 5 

I 

28 61 5 
I 

Printins 
; 

Engraving r 26 23 19 22 
I 

1J 14 44 10 32 0 

I 
, 

Simple 0 19 55 26 0 12 38 20 27 3 
I 

I 
Shoe c 0 1 8..; 17 2 J 1 I 68 I 31 J 

Woo dwo rki ng 0 5 46 47 2 1 20 l 29 I 3B 12 
Woolens 0 15 37 33 15 J 9 35 50 6 

aBased :;n lcer.:lcal plants In 1ndustries 1n which 40 or more wo~kers were surveyed In the gl yen year. 

bSee appendix 8 fer explanation or Sklll classtrlcatlcn. 

CDat~ tor 1931 tabulated from tUes or the earl1er study. 

dLess than 40 workers surveyed. 
eCompa:-able .iata no: aval1a~le. 
finCludes h1gh-class print1ng an1 newsp8ce:- p;-lntlng. 

assembled by hand. Now machinery not only manufactures the 
parts but assembles them as well. Among the many instances of 
the obsolescence of the trades may be cited also the furniture 
industry, where highly skilled wood carvers were at one time 
employed as decorators. These wood carvers have been largely 
replaced by wood-carving machines, which can produce up to 
2~ identical carvings from a master form. The new "carver" 
is merely a semiskilled worker who is probably incapable 
of carving with hand tools, while only a few of the craftsmen 
are retained - and these only in the very large furniture 
factories - to make the original master forms. In the pottery 
industry, too, artistic craftsmanship is all but obliterated. 
The potter's wheel is rarely used; instead a plaster-of-paris 
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mold is filled with fluid clay, and later the comparatively 
unskilled worker breaks open the mold to discharge the ware. 

Since it is unlikely that industry's striving for independ
ence from the skilled trades will cease, compensations other 
than those which might follow a revival of former techniques 
must be sought for many of these trades. It is perhaps some 
such realization of the situation that prompts the current 
trend away from unionization along trade lines and toward 
organization by large industrial units. 

MOBILITY OF WORKERS 

Closely bound up with the developments discussed above has 
been the tendency on the part of industry to shift workers from 
one operation to another, to layoff part or all of the working 
force when production is slack, and largely to disregard the 
factors of skill and training in hiring workers when production 
is resumed or augmented. 

This shifting of workers from one industry or occupation to 
another is here discussed as the "mobility of the worker." 
From the worker's point of view, although his mobility is 
subject to le5s and less restriction with regard to technical 
requirements, his opportunity to shift his industrial or 
occupational affiliation is conditioned by a number of other 
factors, chief among them being the availability of jobs. The 
fact is that while workers are capable of adapting themselves 
to new occupations, thanks to the leveling of skills and the 
increasing simplification of operations, their actual mobility 
in no way approximates their potential mobility. For example, 
29 percent of the workers surveyed in 1936 in dry-cleaning 
establishments in the Minneapolis area had corne into the 
industry from another field since 1931, but it does not follow 
that only 29 percent could have done the work without previous 
experience. In 1931 it was found that 88 percent of the 
workers in the dry-cleaning plants surveyed in that year had 
at one time or another entered from an unrelated industry. 
Furthermore, in view of the type of work performed and the 
short training periods for the majority of the operations 
in the dry-cleaning industry, it may be assumed that even 
more than 88 percent could have done the work without pre
vious experience. 
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Table 16, compiled from statements of the workers surveyed as 
to their previous industrial affiliation, shows the proportion 
of employees in the industries covered who had shifted trom 
an unrelated industry during the period 1931-36. Actual 
industrial mobility, as the data indicate, varied widely 
between plants and industries. 

T&~l. t •• - SHlrTIIO BY WOI~IIS BBTWlII IIDVSTIIBS 
DVIlIO tllt-Ua 

(P.rc •• & ••• 01 pr04,ctlo. worter.) 

Industry of employment Percent who -

in 1936 Shifted Did not shift 

Baking 43 57 
Candy 54 46 
Cigar 31 69 
Creamery 36 64 
Dry cleaning 29 '11 

Food 48 52 
Furniture 40 60 
Laundry 34 66 
Metalworking 41 59 
Packing 39 61 

Printing 21 '79 
Shoe 61 39 
Woodworking 52 48 
Woolens 44 56 

aBased on those 1ndustr1es 1n wh1ch 40 or more workers were surveyed. Workers 
h1red aft~r 1931 who had never held a Job before were cons1dered as not hav1ng 
shlrted. 

The candy industry ofters an illustration ot the tie-up 
between advanced mechanization and large-scale shifts in labor. 
Here 5~ percent of the workers surveyed had come in from other 
industries between 1931 and 1936. This high proportion ot 
workers new to the industry is to be attributed in large 
measure to the expansion of one plant which hired a substantial 
number ot workers, mostly women, for the less skilled occu
pations. In 1936, 89 percent of the workers surveyed in the 
candy industry were semiskilled or totally unskilled, while 
8~ percent ot the operations were performed on automatic or 
semiautomatic machinery and required, on the whole, extremelY 
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short training periods. Some of the previous occupations of 
the workers in one of the candy plants may be noted here, 
since they point emphatically to the inexperienced operator's 
adaptability to the simple tasks characteristic of the in
dustry; among the employees who had entered the plant in the 
years 1931-36 there were a grocery clerk, a foundry worker, 
a farm laborer, a furniture worker, a manager of a refrigerator 
factory, a machinist, and a piano salesman. 

In the noodworking industry, which, unlike the candy industry, 
is dependent upon a comparatively large group of operators 
in the higher skill brackets, the proportion of workers who 
had shifted their industrial affiliations was nevertheless as 
high as S2 percent. Here the chief cause of the influx of new 
workers was the recurrence of long periods of low activity; 
after each lay-off, men inexperienced in the industry were 
taken on for many of the less skilled operations. 

The carpet industry, in which half of the workers had come in 
from other industries, owes Its high mobility to an expansion 
in production during the period 1931-36. In this plant nine
tenths of the production employees surveyed were unskilled and 
semiskilled workers, and almost one-quarter were between the 
ages of 18 and 24. 

The food plants drew upon outside sources for 48 percent 
of their labor force between 1931 and 1936. Here a majority of 
the workers surveyed in 1936 were women, and half of these were 
under ~S years of age. In one of the food plants surveyed, it 
was the policy of the management to employ young female workers 
whose tenure is characteristically short. Another plant had 
reduced its labor force with every decline in production and 
had taken on new workers upon resumption of activity. Still 
another establishment, after instituting a series of changes 
in machinery and equipment, had so altered the nature of the 
work, and consequently the requirements for the bulk of the 
operations, that it was able to substitute inexperienced female 
labor for male labor. 

In the baking industry the workers who had entered in 1931-36 
from unrelated occupations accounted for 43 percent of those 
surveyed. It has already been noted that the hand-operated 
bakeries underwent drastic reorganization during the period and 
that they reduced training time for a high percentage of their 
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workers and substituted women for men on a number of jobs. As 
for the mechanized plants, they had long since eliminated the 
old-time master baker and with each technological advance found 
it feasible to cut training periods and to employ women for 
many tasks previously assigned to men. 

A number of the industries surveyed, on the other hand, were 
outstanding for the slight amount of shifting in the period 
under observation. The coke industry, which headed this group, 
had not taken on any workers from other industries in the years 
1931-36. The establishment surveyed was characterized by great 
stability of operation and by a relatively high rate of pay. 
Its workers, moreover, had been granted substantial wage 
increases since 1931. 

The plants of the paint industry are likewise notable for 
relative stability in this respect. The low mobility here may 
be attributed in part also to the policy of one plant which had 
established a yearly wage rate and offered its employees other 
incentives as well - including Christmas bonuses and a system 
of profit sharing. 

Only 21 percent of the workers surveyed in printing had 
entered in the years 1931-36 without previous experience in 
the industry. Despite the advances in mechanization in this 
industry, skilled workers are still needed to set up work on 
the presses and to operate linotype machines. Inexperienced 
workers have been kept out, furthermore, through the influence 
of the union and through the apprenticeship system of training 
which applies to many printing operations. 

SPECIAL REQUIREMENTS 

The field staff noted also such special requirements for 
workers as ambidexterity; left-handedness; keener-than-average 
sense of smell, taste, hearing, and touch; and clerical ability. 
Although the sample was too small to offer conclusive evidence, 
it may be noted that the requirement of ambidexterity had 
increased somewhat, a fact which partly explains the rise that 
also occurred in jobs demanding the use of the left hand. 
In the packing industry, for example, a left-handed worker 
is needed for dismembering carcasses; here a worker stands 
on either side, the right-handed man on the left, the left
handed man on the right. 
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There was no increase in the demand for workers with an 
exceptionally keen sense of smell, taste, or touch. Some candy 
factories still did not use thermometers, so that the liquid 
candy had to be tested by the fingers, but the ordinary sense 
of touch appeared satisfactory for this purpose. A keener
than-average sense of hearing was shown to be required for some 
operations in the metalworking industry; here the workers, when 
cutting a blind hole, must listen to the noise of the machine 
to perceive the progress of the cutting tool and also to detect 
its dullness. 



CHAPTER V 

SUMMARY 

This study of plants in 23 industries in the Minneapolis
St. Paul area covers changes in machinery, methods of working, 

and job requirements during the period 1931-36. Based on 
a field investigation of factory operations, it presents a 
~icl~re of so~e i~~orlant aspects of industrial development in 
·1 SflOl t period characterized by fluctuating economic conditions. 

CHANGES IN THE MACaINERY 

Although almost all the industries studied had installed some 

new machines between 1931 and 1936, the equipment in use was 
in reneral older in 1936 than in 1931. A more widespread 
mechanical change than the purchase of new equipment was 

modification in the performance of the machines, effected 
chiefly through the addition of jigs, fixtures, and other 
special appliances to machines already functioning. In the 
industries surveyed there was in most cases an increase between 

1931 and 1936 in the proportion of machines classed as special
purrose, that is, designed or modified so that they produced 
but one parlicul~r article or part. In a number of cases 
machines originally used as general-purpose had been converted 

to d special purpose. 

It was also observed that in the plants of 10 of 17 indus

tries in 1936, two-fifths or more of the operations were 
rerformed on automatic machines, while in none of these indus
tries were ~ore than one-fourth of the operations manually 
performed. The proportion of semiautomatic operations varied 
from 12 percent in the coke industry to 75 percent in wood
working. Among the five industries for which comparable 1931 
data were available (baking, laundry, printing, woodworking, 
and woolens), printing and baking had increased substantially 
the proportion of operations performed on automatic machines. 

In general, the mechanical changes which had been inaugurated 
in the s-year period resulted not only in increased capacity, 
improved product, or lower costs, but also in marked economies 

in the utilization of labor. Thus in a woodworking plant the 
addition of special fixtures to a wood shaper made possible 

50 
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the substitution of a conparatively unskilled operator for one 

of superior skill and training and at the same time vastly 
increased the number of boards that could be cut and shaped 

at one time. The inte~rated bottling machine reduced the 
number of men required to tend it from five to three. The 

installation of large-capacity cookers in a single candy plant 
multiplied output but involved only a sli~ht addition to the 
force of skilled male cooks. In the cigar industry the new 

machines facilitated the displacement of skilled men hand 

workers by semiskilled women. 

CHANGES IN THE WORK PERFORMED 

The nature of factory jobs was found to have changed in 

several respects in the industries resurveyed in 1936 after a 

lapse of 5 years. Such changes are to be attributed both to 
improvements in machinery and to the increasing rationalization 
of production methods. Even more marked than in 1931 was 
the trend toward simplifying the factory worker's job. The 

production worker often was required merely to perform his 
repetitive task without exercising judgment. The machine had 

become more complicated, but this complexity was now largely 

the province of the skilled set-up man. Although blueprints 

were being used more widely than ever before, they were read 
and interpreted by production engineers, tool designers, and 
foremen. Calculations on the job were confined largely to the 

metalworking industry, and for operations in most of the 
industries observed accuracy had been built into the machine 

itself. Time and motion studies likewise were being applied 
more extensively than in 1931. 

~o clear tendency was discerned in the method of transporting 

materials between operations. Several plants had revised 
their internal transportation system with a view to reducing 
the carrying of materials by hand. This involved a shift 
either to mechanical handling devices or to hand trucks. 
However, there also were quite a few industries which reported 
hand transportation on a larger proportion of operations in 

1936 than in 1931. 

In a number of industries, emphasis had shifted from hand 

operations to finger manipulaLion, which makes for more rapid 
performance although it may increase the fatigue of the worker. 
For the most part, this trend toward small motions reflects 
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changes in the construction of the machine and the simpli
fication of operations. In 1936 hand dexterity was mOst 
frequently required in the industries surveyed, but finger 
dexterity was prominent in most industries and predominant 
in some. 

It was found that the great majority of industries used a 
time rather than wage-incentive basis for wage payments, and 
in the few cases in which comparable data were available, it 
appeared that wage-incentive plans had decreased somewhat in 
popularity since 1931. 

In most industries in 1936 employees worked in teams on some 
of the operations, but in only one industry were as many as 
one-quarter of the operations performed in teams. Pacing, on 
the other hand, was more generally used, with speed of working 
commonly controlled by a conveyor belt or by automatization of 
machine speed. Thus the work on as high as 85 percent of the 
operations in the various industries was found to be paced, and 
in only 7 of 21 industries were less than one-quarter of the 
operations paced. 

The tendency toward a shorter workweek was clear in the 
few industries for which comparable data were available in 
1931 and 1936. In the latter year the standard hours of work 
were 40 or less for at least half the operations in 14 of 
21 industries. 

CHANGES IN THE CHARACTERISTICS OF THE WORKERS 

There were some shifts in the proportions of men and women 
in the industries surveyed, but the changes were not great, 
except in the cigar and baking industries where there were 
substantial increases in the proportion of female production 
workers. In the cigar plant the shift was ~elated to the 
mechanization of cigar making. In the baking industry it was 
accompanied by increased division of labor and simplification 
of operations in hand-operated plants and by increased use of 
women on machine work in mechanized plants. 

The female workers were in general younger than the male; 
they were more highly concentrated in the age group 20 to 
24 years and infrequently were over 44 years old. On the other 
hand, in 7 of 23 industries men over 44 years old accounted 
for 20 percent or more of all workers surveyed. In very 
few of the plants studied did the management admit that age 
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limits, beyond which an applicant was considered ineligible for 
employment, had been established for any of the operations. 

The increasing simplification of factory jobs was reflected 
in the data on length of training periods, which had been 
drastically curtailed in a majority of the industries in the 

period 1931-36. Several, indeed, had a number of operations in 
1936 for which no training was necessary. Although it is true 
that jobs in nonmechanized plants generally require more 
extended training than those in highly mechanized establish
ments, the survey disclosed that reduction of training time 
took place in nonmechanized plants as well as in others. 

The number of industries in which apprenticeship was used 
to train employees for some operations was found to have 
increased after 1931, although the proportions were small in 
almost all cases. In 1936, as in 1931, training for the great 
majority of operati'ons .. ,as received in the factory itself. 

Improved methods of production, new equipment, and better 
lay-out also tended to le<el off the degree of skill required 
of production workers in the various industries resurveyed in 
1936. As a result, in most of the industries there was a rise 
in the proportion of workers in classes C and D, the categories 
·of the intermed;ate or semiskilled, and the increase was mOre 
uniform in class D than in class C. The proportion of workers 
having class A and B \skilled) jobs dropped in some of the 
industries which had maintained them in 1931, although they 
increased in others. There was a general falling off in the 
proportion of class E lunskilled) jobs. Most of the industries 

had had some class E jobs in 1931; by 1936 these had been 
reduced in a great majority of the industries and in some had 

virtually disappeared. 

The changes in production and management methods, resulting 
in the curtailment of training periods and in industry's 
growing independence of skills for the bulk of factory jobs, 
have made it feasible for enterprises increasingly to sub
stitute completely untrained workers for experienced employees 
upon resumption of activity after a shut-down, plant expansion, 
or change in processes, or in pursuance of a particular person
nel policy. This is reflected in the extent to which the 
workers surveyed had shifted between industries in the years 
1931-36. In 11 of 14 industries more than a third of the 
workers in 1936 had come in from another industry after 1931. 
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APPENDIX A 

OPERATION SHEET FOR FIELD WORK 

EMPLOYMENT STABILIZATION RESEARCH INSTITUTE 
UNInUITY or )lnfNUOTA 

OPERATION SHEET FOR JOB ANALYSIS 
Firm No .... 

Part Name 

Operation No. Operation Name 

Part No ... Number of Op. on thia part 

Description of work done durin, Ope1'&tiOD (ICe oyer for pictorial representation) 

AchIaII7 _ w ......... TIU ()pon_ 

I. Sex-w 0 F 0 z." Aao-U" cod_ 
3." Actual dlsabilities 

CIuncteriotIca of W ....... 0.. Tblo ()pon_ 

I. Ac< Iimi .. foe IUriao-UacIor JO 0 JO 10 45 0 0- 45 0 
Z. Special '............ - SmeI1 0 Tute 0 CkricaI 0 

H ....... 0 Touch 0 - 0 Left Hue! 0 
3. Toot. wacker ahoaId own ~ carpat"'-..1e.. Kit 0 

locidcntoJ ""'" 0 N""" 0 
". T oob worbr mUit use 

S. TruuRl time DtttSS&I'J' to work und.irecttd. on this operation 

6." How is tn.ininc receiml (use c:odc) 

7. What other __ tioaa bu tbU __ tor puf.......J .. tit

faetoril:r in this plant- _ 

8."CIuoificatioaof_-Ao 80 CO DO EO 
9. UJcalatt: CIa job-Yes 0 No 0 If lpecif, tJpe of 

cafcofation 

TBIIWOU 

I. Weioht-IOO Iho. and ... 0 10 IhI. to 100 Ibo. 0 I III. 10 
10 It.. 0 I ... t.11b. 0 

Z. ~trawtb..- ... t-Bod< 0 Lcp 0 A, ... ODd baooIo 0 
J. Dataity-F ..... 0 Hull 0 AmI 0 F .. t 0 
4. Puoltiao>---S_ 0 Sit 0 S_ 0 - 0 Walk 0 
S. T~titxa}to operat.iaa.__ . - -

of mattrial from operation ~ __ 

6." W_ ... -~i<atedo 5 .... 0 Done br -.. 0 
7. ~ ... nUb 0 ScaIo at .. 0 N_ 0 
8. Doa operation require ~ of bI~ ,rinc.-Ya 0 No 0 
9. c..riDuous p""""tion 0 Job p,ocIu<tioa (low 001,) 0 

10. Worlrinr , •• dh ... u--Good 0 H .. 0 Cold 0 H_ 0 
F ..... 0 Dusty 0 Dirt)' 0 Oils 0 AcMIs 0 Poor 
ventilation 0 

II. Loation of i_lnsido: 0 Outaido: 0 
lZ. Sanitatioo-Cornrnon drinJdn& cup 0 Sl jet D An. itt 0 

Dirt)' fount';n 0 Indi'"'lual t";lw 0 T.- "'!do 0 
Dirt)' ""leu 0 

13. Lichtinc Cft. andlal- Natural ~ Arti6cial 
14. Huards aod. safctJ prec:autionl 

15. No. of piccu. tbL, etc., per hour (n. from tu. Oft 10 .aitI 
"u is") 

16. kdhod of .... -D.W. 0 P.W. 0 Pnmi ... 0 SoL T. 0 
G.-- 0 

17. An rinw: 'Mlies uted to Id n.t~? Yet 0 No 0 
18. T .... _k 0 Indiriclual-'< 0 PaooI 0 Set ........ 0 
19. Normal nambreT of boun per week .. __ 
20. Rate of '*' tnntlated to 44-hour week • 
21. No. of men on thi' op. No. of pieca II« unit 
22. T"",of6""",_ 
23. 1"Rr'W...s __ . _______ . __ -_ 
Z(. CutriDI tool material _ F.P.W.~ ~-
25. A'N"ate procIlEtion per 8 hTi. in normal tiIaH 
3S. Ultilutc product . __________ _ 

'1100 __ 0.. TIoI& 0p0nIi0a 

I. T"" of madri .......... ODd m. General _ 0 SpodoJ ___ 0 
2. WldUoo-Strictlr .u .... tic 0 Tools ....... but ...... l1r __ ted 0 Stricti, - 0 
J .• A .. 01 -.. .. ( ... code) ~ ___ - ~- Condition of _ExcdleDt 0 Good 0 P ... 0 
4. Are better machines OT 1tJdhock a ... iW. ___ ._~_ ~ _______________ _ 

S. Would better machina or methocb • fICDQc:Imical 011 thi, opentioct with &bon a't"Ual'l production. Yel 0 No 0 
6._ 
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I I 
I 
I 

I , 

J 
J 

I 
i 
I I I 

Code fOil' Tra~ Rectiyed 
o No training 
1 Instruction by foreman 
2. Workin, wIth ~x~ri~ ~rator 
J S~ial tn.;t\Jr1f1: instnx:tion 
4. Vesfihu1e school 
5. V t"IICationai wchool 
6. AptlreatiC'fthip 
7 Hi,t\ JChoc>I 
8. College 
9 

i 
I 

I I 

APPENDIX A 

EXPLANATORY PATA 

Pbotocraphl of pat after opentioo 

Phot0craph, of 6.zturn used 

Eaplanatory sketc.bea 

i I I I I I I 

1 1 I I 1 
I i I I i 

I . I ! --.-l I , 

1 ! I 
, 

I I ! 

I 

I 
L 
J 
I 

I I 
, I I 

i I I i i 
I I i I I 

I I I I I 

Madline ~·up 
Check type of set-up and whethtt do~ by 

oth ... , 

Actual Disability 
Lou of arm. hand, fingtrs. speech. tirht. 

bearina. lee, foot. 

I 
I 
I 
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I I 
I I 

I I I 1- -~ I 
, I L 
i ! I 

!~- I I ! I 
c--' I I 

I i I i I 

I I I 
i I I I I 

C. for AI_ 011 MacbiD£s 
Less than 1 year ,) 10 to 15 yt':lrs 
I \0 3 )t:'lf~ ")6 11) 2\ ~('ar, 
-I to 9 yUri 5 OVcf 21 yurs 

Cad< I.,. Emp ..... '. Ap 
O. 10-17 5. 4S-$4 
J )8-19 6. 55.64 
Z 2O-Z4 7 65-14 
; 2S-;4 & ,~ 
" 35· ... 



APPENDIX B 

SKILL CLASSIFICATION OF INDUSTRIAL JOBS 

The following classification was used in grouping workers by 
skill for this study (see especially chapter IV and table 15): 

Clal. AI Skilled Meckellcl, Grade 1 

fhe jobs in this class require men who are masters of their 
trade, who understand their work thoroughly and comprehensively. 
and who are competent to work without immediate supervision, 
They necessitate the exercise of considerable judgment, accu
racy without the use of jigs or other special equipment, and 
considerable initiative within the limits of the particular 
trade. Involved experimental work and high-grade production or 
tool work for which a general knowledge of all machines, tool~. 

and materials of construction is necessary belong in this 
class. A list of jobs included in class A follows: 

Art stonecutters 
Assemblers of delicate precision equipment 
Die sinkers 
Electrotypers 
Engravers 
Filers on dies and gages 
Goldsmiths 
Head flour millers 
Lapidaries 
Master paper makers 
Pattern and model makers 
Printers of high-class color or offset work 
Silversmiths 
Tool makers 
Watchmakers 

Cla!1 B: Stilled Meckallcl, Grade I 

The jobs in this class differ from those in class A largely 
in that they are repetitive. Whatever difficulties an oper
ation in this class presents are for the most part solved after 

08 
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it has been performed several times. It mayor may not con
tinue to require the same degree of manipulative dexterity, but 
it does not continue to require as much exercise of judgment. 
The skill necessary for the jobs in class B is definitely less, 
therefore, than that in class A. 

Class B jobs are partly preplanned, and they require more 
supervision than jobs in class A. In general, heavy jobs 
which must be accurate and smaller jobs which require accuracy 
without the use of special fixtures but which are nevertheless 
somewhat repetitive belong in this class. Workers on such 
jobs must know machines, speeds, and construction materials; 
they must also know how to read blueprints and how to use 
precision instruments. 

This class also includes a large group of jobs not usually 
performed by factory labor - bricklaying, general baking, 
plastering, plumbing, paperhanging, etc. A list of jobs 
included under class B follows: 

Bakers in general bread bakeries 
Beverage compounders 
Blacksmiths 
Boilermakers 
Butchers 
Butter makers 
Cabinetmakers 
Carpenters, all round 
Carpenters, finish 
Casters in foundries 
Cigar makers, hand 
Compositors 
Coppersmiths 
Custom job assemblers on operations that require fitting and 

adjusting (as on locomotive and gas engines) 
Custom machine grinders 
Dyers 
Electricians 
Founders in type foundries 
Gas and steam fitters 
Glaziers on building work 
Heat treaters 
Linotypers 
Machinists, general tool and railroad 
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Metal buffers and polishers 
Milliners on custom work 
Millwri~hts on high-class machines 
Molrier;.; 
Paperhangers 
Plasterers 
Plumbers 
Saw filers 
Screw-machine setters 
Sheet-metal workers 
Stonecutters 
Stonemasons 
Ti Ie layers 
Tinsmiths 
Toolsmiths 
Typesetters 
Upholsterers 
Weavers 

Cia •• c: Seml~lliied Operator., Grade 1 

The jobs in this class require machine operators rather than 
mechanics. The operations are highly repetitive; day after day 
and week after week the worker repeats the same operation, 
whether by hand or by machine. For these jobs, however, he 

must still have considerable ability in the use of ga~es and in 
other methods of control. The work is preplanned, and thp 

tools are usually preset, but the operator knows the machine 
and is able to make adjustments on it. A list of jous included 
under class C follows: 

Annealers 
Carpenters, rough 
Cement finishers 
Cooper~ 

Cutters in packing plants 
Dressmakers in factories 
Drop-forgers 
Forgemen 
Furnace men in metal industries 
Glass blowers in factories 
Glaziers in factories 
Hammermen in metal industries 
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Hand painters on building work 
Loom fixers 
Machine carvers 
Machine cigar makers 
Machine knitters 
Marble polishers 
Millwrights on general repairs (handy men) 
Mule spinners 
Pasteurizers 
Pottery decorators 
Pottery-machine operators 
Pourers in metal industries 
Puddlers in metal industries 
Rollers and roll hands in metal industries 
Roofers 
Repetitive line assemblers for accurate fitting work 
Sawyers 
Slaters 
Smeltermen 
Spray painters 
Stationary engineers 
Structural-iron workers 
Text ile nappers 
Wool card tenders 

Cia •• D, Seml.tliled Operator., Grade I 
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The operations in this class are extremely simple and highly 
repetitive, and they need only a short training period -
3 weeks or less. They require little exercise of judgment on 
the part of the worker; ordinary dexterity or the ability to 
load and unload machines and to perform simple hand operations 
are the main qualifications. A list of jobs included under 
class D follows: 

Assemblers on simple line assembly 
Bakery-machine operators 
Bag-factory operators 
Book gatherers 
Bott le was hers 
Bottlers 
Cigar-factory strippers 
Cranemen 
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