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Introduction

TECHNOLOGICAL and social changes are accelerating as the
United States passes beyoial industrialization, towards new definitions
of work and conununity. Faced with widespread pressures induced
by these changes, we need more than ever to understand where our
society is moving; to evaluate that movement; and then to prepare to
accept it, or to attempt consciously to change its direction. One reac-
tion to this need has been an increasing number of attempts to fore-
cast the development of our society in general, and of its several
sectors. Forecasts of the opportunities and requirements that will face
the Ainericat. labor force have received much attention. This paper
will present and discuss some forecasts in that area, with emphasis on
the individual traits needed by members of the workforce.

lip to now predictions of clia,:ges in the nature of work have been
subjective and general rather than systematic. Herman Kahn's predic-
tions are of this kind (see References). Peter Berger asserts that the
capacity of work to provide personal satisfaction is decreasing. Henry
Borow suggests that the average work week will decrease so greatly
that people will find fulfillment in leisure activities rather than through
work. But Eli Cinzberg indicates that Work is actually more fulfilling
than in the past. We need to add to these informed guesses systematic
predictions of change (lx,ond those of cmployment by occupation
and industry) if we are succcsfully to es alu..-.te social and psychological
changes.

Manpower plans, which have been a principal means of linking edu-
cational change to changes in the laboi force, reveal the need (or
growth of certain occupational groups or educational lock. But ele-
mentary and secondary tehools and most colleges teach general skills
rather than occupations. The young person enters the labor market
with these skills, which he then applies to one of several possible



(

occupations. lie may later leave his job in search of another which
better utilizes his personal traits. Thus knowledge of the distribution
of skill; in the labor force is relevant both to the activities of schools
and to the choices of individual worker,.

The no -J1 for estimates of requircineo.ts of the work force for individ-
ual characteristics has long been recognized. as by Leon Lewis, one
of the developers of the Dictionary of Occupational Titles, in the
below statement ( Reference 7) :

By determining the distribution of all worker traits factors, a
tvorker traits profile of- the working population can be devel-
oped. This could be a milestone in such in,.npower planning
activities as facilitatiuj n'.ilization of available :kills in the
labor force.

With this in mind, this paper proposes to exple,e the dist ibution of
skills, imperaments, and other characteristics of the labor force in
195o and to forecast their distribution in 1975. How many workers,
for instance, need lo work with data; how many must work outdoors;
or how many need to have high intellectual capacity?

The near-simultaneous appears-ice of two vale :hie sources of in
formation suggested the present research. Recent efforts by two offices
of the United States Department of Labor had made available:

forecasts in unusual detail of employment by occupation; and 2)
extensive information, for a very large number of occupations, of
the individual characteristics required of workers. Further, this in-
formation seas available in v. fonn suitable for machine processing.
Certain guesses, appmximations, and computational sins lay between
us and the effective vse of this information. The following pages deal
with how the information was treated a: xlsy; and with individua!
characteristics that members of the United States work force need in
19130, and might need in 1975. Throughout, we seek to be specific
about the quality of data, of our method of treating it, Ind of the ins
plied,ions carried by the results of our work.

Forecasts of any kind offer a re:ilous challenge. They may be highly
useful in planing for an uncertain future, but they can also mislead the
unwary who put excess trust in their frail accuracy. These hazards are
not eno,.gh to prevent making such forecasts; but they suggest need
for care and caution in interpreting them.



Summary

Two primary sources of information were used in this work:
I. A draft version of Tomorrow's Aknpower Needs (MIN), made

available by the 13.u.-au of Labor Statistics, which includes esti-
mates of 196o and 1975 employment for 161 occupational groups
covering the entire labor force.

2. A magnetic tape containing information similar to, but more ex
tensive than, that in the Supp fewer), to the Dictionary cf Occupa
':anal Titles (DOT) for 13,755 spc;ifi-.. occupational titles in.
formation about aptitudes, training, ternperamene.;, physical de-
mands, and working conditions associated with these occupations.
This tape was furnished by the Bureau of Employment Security.

Thus, on one hand we had forecasts of employment in terms of
numbers of workers; and on the other hand, estimates of the character-
istics -reqinred. of workers. Laying aside for now questions relating
to reliability of these data and to their stability in time, the central
difficulty was that the occupational categories covered by the TN1N-
data acre different from those of the DOTdate. Work under way by
the Departments of Labor and Commerce promised to provide a
11.1110.16w between these two sets of categories. Being unwilling to
wait, we devised a makeshift liandation, described Liter in this paper.
Based on this, the two sources of information were comhined to give
estimates of the requirements oa the workforce in 196o and 1975.

In the following we shall first present these estimates, and what they
seem to imply. After that we shall describe the methods used, and
discuss the apparent collective effect of the several liberties we have
taken The results cannel be taken as exact predictions of things to
come, an irni,ossibility by any means. The reason for making fore.
casts is instead Pnefully to extend conv-mtional wisdom as a point
of departure for explanation of actual events. Though these may vary
greatly from the forecasts (particularly in their detail), the latter re-
main valuable indicators of the direction in which event.% are tending.

3



Results

The central body of data used in this work is contained in the
magnetic tape mentioned above. For 13,755 occupational titles (13,777
from the tape as received, less 22 lost through computational mishaps),
information is given for 4t variables. These are summarized in Table
I. For further information about their meaning the reader is referred
to the Dictionary of Ocalpational Titles, Volume i1, pages 649-56.
Some, but not all, of the information on this tape (referred to hence-
forth as the "DOT-tape") is contained in the Supplement to the Dic-
tionary of Occupational Titres.

Two major computations were performed using the DOT-tape:

1. A facto( analysis of all 41 variables, using a sample of every tenth
tide from the tape. and a program of the DATA-TEXT System.

2. Estimates of present and future demand for the traits measured by
the variables, by linking occuptional employment trends (as esti-
mated by the 131,S in Tomorrow's Manporcer Needs) with charac-
teristics of the individual occur dions from the DOT-tape,

The Fac..ir Analyst
The factor fmalysis (Table 2) of information on the DOTtape was

carri:d out for suggestive purposes, to get an idea of hot/ variables
group together as a possible guide for thinking about them in subse-
quent work. Since further numerical work was rot planner on the
basis of these results, a short-cut approach was tro.1.1 to identify the
factors and to associate variables with them. Each variable was first
associated with the factor on which it was most heavily loaded. Sonic
changes were then made on intuitive grounds. For one thing. it was
convenient to consider the five variables listed under "worker fune
tions" and -training time" separately from the four factors. Likewke
for those variables that are not heavily loaded on any- factor.

The remaining variables are listed in Table 3 under four groups,
given labels "Brains," "Brawn," "Cuffs," and 'judgment," as a rough
reflection of the kinds of variables that fall under each. Though the
technical basis for these groupings and characterizations can be clues-
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tioned, they fit fairly well both with the results on which they arc
based, and with conventional notions of human traits. Further, since
none of the subsequent results will be given a form that could not
readily be regrouped there seems no harm in using these four
headings.

Forecast of Worker Functions
In Tables 4, 5, and 6 estimates for 196n and projections for 1975

are given for the DOT's "worker functions" in relationship to data,
people, and things (variables 1, 2, and 3 in the terminology of this
paper). Changes in the distribution of these relationships from 1960
to 1975 suggest changes in the emphasis and complexity of work re-
quired of the labor force.

These tahl:is and those which follow have the same simple format.
Fractions of the work force rather than numbers of %corkers are used.
They are based on a total labor force of (36,37o,3oo in 1960 and
SS,365,100 in 1975. (Tilese figures differ slightly from those of TNIN
because of round-off and key punch errors and slight tape incon-
sistencies.) Thus, for example, 1.9 percent of worker-s in 196o, or
1,266,200, and 2.5 percent in 1975. or 2.199.400, ":,yrdhekiie" (111a
The third column gives the rate of growto of cinp:oyinent in the cate-
gory over the total period 196o to 1975. The growth of 74 percent for
synthesizing is derived by clisiclinA 2,199.400 wailers in 1975 by
1,26(1,200 \vorker; in 1960. She last colwon gives a dealer picture of
relative growth of the several ti.,.tegoiles by slinv.iing g th rate as
a multiple of gra...lb of III .. labor :.031.e as a ...hole, Since the lalxn
force is forecast to grow 33 per,ent from 1960 to 1975, we divia! 74
percent by 33 percent to establish that the number of workers who
"synthesize" data will ine:case At 61 rate 2.2 times that of the vihole
lab a force.

Table 4 shows that in 196o, 61.2 pcircent of all workers had sonic
significant relationship to data, most of these in "coordinating." "an-
alyzing," or "compiling.- By 1975. 64 9 percent of all .corkers will
have significant relationships to data. All the rdationships to data ex-
cept the lowest, :oat of 'comparing." grow more rapidly than the labor
force itself. The results of this table can he intcirpreted in tcnnc of
occupational change. Although no specific investigation has been made.
we can astume that "synthesizing" is related to professional jobs, and
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"computing and "copying" to clerical jobs. The table as a whole reveals
the growing comp:eAiiy of worker functions in relation to data, espe-
cially at the highest level. Interpretations of this sort are possible
throughout the takes.

TABLE 4

Eslimatcs of Demand for Relationships to Data

fi ELATIONSIIIP

Employment as
Fraction of;

1960 197.5
Worl force Workforce

Groredi in Emp!oyment,
1960-75:

As Multiple
As Fraction of of Growth in
iVio Number W....force

Synthesizing .019 .025 .74 2.2
(7,00 rdinatinz .226 .229 .35 1.05
Analyzing .115 .125 .45 1.35
Compiling .172 .155 .43 1.3
Computing .029 .osr, 48 1.5
Copying .031 .035 .4S 1.5
Comparing .019 e1S .23 0.7
No relationship .3SS .351 0.6

Table 5 (u rationship to people) shows 41.1 percent of workers in
19ix, with significant relationships to people. By 1975. 43., percent
will deal with people. "Diverting" illustrates the most rapid growth.
(The percentages for 1960 and 1975 mask the actual change, which is
from 2,38,40er in 1960 to 37-i.scro in 1975 ) This ec,rroborates the ex-
pected increase in leisure time, since the artists, entertainers, and
sports figures fall in this cAegory The growth of the first category,
"tnentoring." compares wit n that of "synthesizing" data and must
relate to professional jobs. In contrast with the data table, the "lower"
relationships to people especially 'serving," grow rapidly.

In Table 6, 53.7 percent of all workers in 196o have significant rela-
tionships to things, with most of them in 'precision-working' (prob-
ably based on craftsmen) and 'handling" (based oil laborors r. By
1975 workers with relationships to things decline to 49.5 percent. But
"precisionwarking" grows at a rate 1.1 times national gre&th,
two other complex relationships, "setting-up" and "operating. con-
trolling." grow nearly as rapidly or as rapidly as national growth. Thus,

13
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TABLE 5

Estimates of Demand for Relationships to People
Employment as
Fraction of:

196o 1975
RELATiONSIIIP Workforce Worklotce

Growth in Employmt nt,

1960-75:
As Mut :plc

As Fraction of of Growth in
1960 Number Workforce

NI entoring .011 .012 .53 1.6

Negotiating .033 .035 .45 1 4
Instructing .029 .032 .46 1.4
Supervising .067 .066 .34 105
Diverting .004 .004 .58 1 8

Persuading .0,58 .058 .3,3 1.0

Speaking, Signaling .143 .:52 .42 1.3

Serving .067 .074 .47 1.4

No Relationship .589 .565 .27 o.8

TABLE 6

Estimates of Demand for Relationships to Things

RELATIONSII IP

Employ:lien! as
Fraction of:

2960 1975
NVockforce NVultIorce

Growth in Employment,

196015:
As Multiple

As Fraction 0 of Growth In
el:0 Number NVorkforee

Setting up .016 .015 .29 0.9
Precision %Vorking .148 .153 .37 1.1

Operating,
Ctntrolling .050 .050 .33 1.0

Drivinq,
Operating .036 .0,33 .23 0.7

Manipulating .o68 .058 .13 0.4
Tending .051 .046 .21 o.6
Feeding.

Ofibearing .008 .007 .t8 0.5
Handling . .259 .133 .12 0.4
No Relationship -el .505 .45 2.35
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the overall drop in relationships to things masks a growth in complex
Linctions and a substantial decline in the lower levels. The decline in
functions related to things does not equal the combined growth of
relationships to data and people. In 1975 workers will be more likely
to have to deal with inure than one of the three worker unctions and
at sciriewhat higher levels than before.

Training Time
From the evidence concerning job functions, we would expect train-

ing requirements for workers to grow. These changes arc measured
in the DOT by ratings flr "general educational development" (GEN
El) DEW) and "specific vocational preparation" (SPECVOCPIIEP).
GEN El) DES' is not defined by years of schooling, but by a scale
based on "reasoning de..elopment," "mathematical development," and
language development." Thus, it is not readily interpietable in terms
of formal schooling. Put this lack of precise scholastic meaning does
not obscure On message suggested by the forecasted (rends in this
variable, shown in Table 7.

"Specific vocationa: preparation" also reflects multiple dimensions.
It is based on a combination of vocational education, apprentice train-
ing, in-plant training, on-the-job training, and essential experience in
other jobs. This mixture makes it difficult to interpret the (rends indi-

TABLE 7

Estimates of Demand for General Educational Dere/opulent

Employment as
Fraction of:

Crowd, in Empioyineof,
:960-75:

LEVEI,
),,rx)

'VorlfortC

AS Multiple-
1975 A% Fraction of (.1

Worlfouc rorio Nonibt r Wrorkfortv

Level I (low) .043 .033 ,04 0.1

Level 2 .205 .178 .17 0.5
Level 3 ,29S .3'9 .:375 1.15

1,evel 4 .277 2S2 .34 1.0

Level 5 143 .15(i -46 1.4
Level 6 (high) .0,35 042 .6.3 1.9

.''''' See "ictir'rvali of Ocrvrati.rial Ttilet, Vol it. p 652. for (1(-finiti,p of kiets.
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eated in Table 8, and to relate them to other factors. But the general
nature of changes of SE ECVOCI'llEr reveals the same pattern as that
of GEN ED DEV. The 196o work force had to have a broad spectrum
of vocational prep -ation, with 19.9 percent requiring only 30 days'
or less preparation, but with 30.7 percent needing over two years'
preparation. The 1975 distribution reveals a continual upgrading of
requirements, with the greatest v2ktive increases accounted for by
the highest levels of training.

Even though both CEN ED IVA' ;aid SPECVOCPREP are not
uni-dimensional measures, they revei.1 .1 general expectation of educa-
anal upgrading. coining directly from work requirements as defined
by the DOT. This upgrading must come primarily from formal school-
ing of young people who will newly enter the labor force. While many
retraining programs for adults have recently been initiated, most older
workers have in fact already completed their basic education and
training.

TABLE S

E5timatc.s. of Dcm.inil for Specific Vocational Preparation

1 EVET.

Employment as
Frac, ion of:

)9n., 1,47s
Worl,f,r , W.14. for, (

Growth hi Employment,
I 96o-73:

Initiple
Ac Fri( tiL,:i vf a Gnimli in
mr,o NilrIls r Worlforke

1,0(1 1 ( Short
Denion.st rat ion
Only) .021 .017 .o6 0,2

tANNTI 2 .175 .14 .22 0.7
Level 3 .1.11 .136 .25 o.S

Level 4 .1°6 .104 .30 0.9
Lev el 5 .too .103 .37 1.1

Level 6 .147 .153 .40 1.2

Level 7 .193 .197 .3:, 1.05

Level S .toS .119 .47 1.4

Level g (More than
to Years I .006 .007 .61 IS

Note: S"e 1-Yrtionani of Occupation*/ Talcs, Vol. II, p. 653, fa ttpland110:1 of
ICI eh of vocational preparation.
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Forecasts of Other Worker Traits
The characteristics shown by the five variables forecast fn seine

detail above indicate the form and content that can generally be ex-
pected from the other variables. 'these 'an be sliced, patched, and ar-
ranged in variety of ways. In the following tables they will be
grouped as suggested earlier (Table 3). As was seen then, the -Brains
Group" gets a lion's share of the variables from the factor analysis,
even after worker functions and training time are removed from the
listing and treated separately (above). This group kings togeilvr
a set of variables that are forecast to grow (Table 9) substantially
faster than the labor force over the ..ining years. Even the two de
dining variables (13EM-11110N and '.:0 INDEPEND) reflect qual-

TABLE 9

Estimates of Demand for Variables in the "Brains" Group

1-:»11)1(ninient as

Fraction of:

Growth in init/oyni,tif,
/960-75:

AN Multiple
396o 19- 5 .3s FrAttion of of C:rosath in

NVorkfon. Woafon.t, Somber Wort, force

APTITUDES (Corresponding to upper third of workforce)
6 GENE IN .254 .25o .4S 1.5

7 VERB.", .240 .264 .47 1.5

S NUMERICAL .127 .146 .53 i.6

9 SVVIIM. .(xj4 . .49 1.55

11 CLEHICAI, .057 .102 .54 1.65
. .

TEMPERAMENTS ( Ext,lci it tr. in job of situations requiring)
17 C:IIANCE 337 .344 .36 Li
IS BEIT, FITION .375 .354 .26 o.11

my NO INDEPEND .279 .251) .22 0.6

20 CON 11;01. .1.,*) 2oS .36 1.1

21 DEAL ". PE()PLE .:359 .412 .415 1 25

26 NIEAS FA'...;, .307 .3 iS .375 1.15

ruisicnr, DEMANDS AND '()PkiNG COND/TIONS
(presence of in job

:33 TA1,K, ilEM1 .425 45' .425 1.3

Note. See Table 3 rot dt,t di-Con of the grouping of ariahltt
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ities complementary to CHANGE and CONTROL, which show
growth. "'his group of variables, therefore, is in high and growing
demand. We might worry os er specifics here as elsewhere, but shall
not; the general message is preponderantly clear. Anything important
to be said about it pro and can will spring from larger issues, not
from specifics.

1,04.nvise the "Clans Crokm" exhibits (Table to) substantial growth
of many of its variables. Here, as in Table 9, we note certain char-
acteristics which are in relatively low absolute demand, but which
are growing rapidly. These may suggest fields of ativiiy that are
"Miners" and which thus may have implications for policy makers.
particularly in education and training. Table 10 suggests strongly that
the need for workers with high levels of physical skill is far from
being on the decline. ft would be interesting to know how this effect
works in combination with needs for training and with NariAbles in the
"brains group.' but this has not been explored. Gen erally. a high

TABLE io

Estimates of Demand for Variables in the "Crafts" Group

EmpIoymenf as
Fraction of:

Groictii fn EinpIoymenf,

1960-75:
As Iiiltirk

i 46o 1975 As rrat ti,o) g.f 1 ill in
NVorkronc .Vorlfor,v NV41.1.1.

APTIII.DES (Correspond,ng to upper third of s orkforce)
10 EOM! PERCEP .106 .122 .52 1.(i5

12 IN I OTOR C00111) .050 .0450 .F'o 1.5

1.3 FINGER DENT .056 -(64 .55 1.65

14 NIANUAI. DEXT .049 .054 .44 1.3

TEMPE/all ENTS ( Existencv in job
2S PRECISION .347

PHYSICAL /)F..kfAXDS AND WORK

situations requiting)

.357 .3"; 1.1

/SG CON/HI/ONS
( Precciiee of in job t

32 BE NCH, 1 O1 "(.11 7 '3 i 5:1 32 0.95
34 SEE .395 .414 .35 1 15

N-tc. S c Tab'. 3 kir f f s ,ri
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degree of correlation among requirements is to be expected, reelecting
the complexity of worklife that underlies these growing demands.

Thirdly, the "Brawn Croup" (Table 11) shows a mixture of fore-
casts. There is a decline in demand for physical requirements gen-
erally. The increase in EYEHANDFOOT may or may no be asso-
ciated with complexity of work, or with ilereases identified in the
other groups. The information available from the study reported here
is not enough to determine that. The increase in PLACE WHERE
heralds a corresponding decrease in outdoor work, which might be
aligned conceptually with the general decrease in the physical re-
quirements of the "Bri.wn Croup."

A small but interesting set of variables is the luegment Croup"
(Table rz). This appears from the factor analysis to represent a dis-
tinct arid growing kind of requirement, present in a minority of jobs,
but, perhaps, coming on fast. It seems a natural addition to "Brains,
Brawn" and "Crafts," and is suggestive of further study.

FABLE

Estimates of Demand for Variables in the "Brawn" Group
Employment as Growth in Employment;
Fraction of: 196u-75:

As Multiple
196o 1975 A% Fraction of of CrovAlt in

VS'orkforo7 Wort forte earn Nurn'ocr Workforce

APTITUDES (Corresponding to upper third of workforce)
15 EYEHANEWOOT .00h .007 .35 1.1

PHYSICAL. DE3IANDS AND WORKING CONDITIONS
(Presence of in job)

29 STRENGTH' .315 .285 .23 0.7

;`,9 CLIN1b, liAl. .1 t I .098 .15 0.45
31 STOOP, ETC. 20.1 .1S7 .21 OAS

35 PLICE MIELE" .73S .Tio .39 1.2

4" U./LAIMS .12S .110 .255 0.75

.11 FUMES .076 ,074 .29 0.9

N,,t.,,.; s.,.01 to in,o,(1,,,I.11f loads 11 20 lb. or 1114r
.. I.Tk (\1111,iVek indoors
See Talo 1 for d(,:cription 4 the crt,Ilpinc of var:abits.
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Finally, in Table 13, those variaties that did not make it into the
earlier discussion are included for completeness, and are presented
without further comment.

TABLE 12

Estimates of Demand for Variables in the "Judgment" Group

Employment as

Fraction of:

1960
WOIMOT( t'

Growth in Emptoyment,
1060-75:

As lsfultiple
1975 Ac Fraction of of Cron ill in

Workforce 1460 N w»tc W111:4,,ri

TEMPERAMENTS (Existence in job of situations requiring)
25 JUDG EVA', AO .206 .3S 1.15

27 PERS INTERP .020 .024 .58 1.75

Note: See Table 3 I'm &sr ription of the grouping of variables.

TABLE 13

Estimates of Demand for Other (Unassigned) Variables
Employnicnt as
Fraction of:

Gain flo in Employment.
196O -75:

Ntultiple
19Fro 1975 .1, Fr icti,m sf 4.f (:toutli in

VS'or: foist' WutLforic 19f).07:41,11., r Woltf,/r1C

APTITUDES (Corresponding to upper third of workforce)
16 COLOR DISCR .016 .017 .37 1.1

TEMPERAMENTS (Existence in job of sit.tions requiring)
22 WORK ALONE .004 .003 (Decreasing)
23 IN FL PEOPLE 095 .099 .375 1.15

24 STRESS, RISKS .026 .028 .42 1.25

PHYSICAL DE3/ANDS AND WORKING CONDITIONS
(Presence of injobl

36 COLD .007 .007 -33 1.0

37 NEAT .028 .029 .39 1.2

38 WET .057 .046 .07 0.2

3g NOISE .106 to .265 o.8

Note: Soe Tabk 3 for dcs<ription of the grouping of %.riab!o-.
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Some Further Comments on Aptitudes
The requirements for aptitude, being the most firmly rooted in

measurement of the working populatio.s deserve sonic additional com-
ment, particular,: .vith regard to requirements for workers with high
aptio.des. The ratings for aptitudes in the DOT arc based on the
General Aptin de Test Battery (GAT13), standard tests developed by
the Bureau o, Erni:1,0)111dg Seenrity over many years to measure the

related to success in different occupations. The nEs g sew
the GATTI to 35 or more workers in a particular occupation. estab-
lishes independent measures of individual success in the occupation,
and then produces a "cutting score" for key aptitudes. If a potential

orker scores below these score lie is not expected to achieve sue
cess in the job By tyfk atilt norms for almost 400 jobs had been
published, The BES is continually testing tvore workers and pub-
lishing more scores. The his population for e..alitating the test re-
suits is the employed labor force in the age range 1S-5} from the 19411
Cot us of PoptdaVon. Since the CVIII is availabli, for only a few
hundred jobs, the DOT ratings a re based on a system of estimated
minimum levels for average success on jobs:

Level t requires the skills possessed by the top to pc rc c nt of the
working population.

Level 2 requires the skills possessed by the top 10 to, 3.3.3 percent
of the working population.

Level 3 requires the skills posse >ed by the middle 333 percent
of the working population.

Level 4 requires the skills possessed by the lowest to to 33.3 per,
cent of the working population.

Level s-- requires the skills possessed by the lowest to percent
of the working population.

But the lowest level, level 5. does not redly define aptitudes possessed
by the lowest to percent of the population, even thodgh Vollitne II
sates that it does. The training manna! for job analysts explains
(Reference t

When the. present roct.licxl of rating was devised it was desired
that the rating that ,s'itild reflect the an oust possessed by the
lowest third of the population lx' a positive decision on the
part of the rater, thus eliminating goesswe 's in subsequent
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evaluation of the ratings. For those situations where th... rater
actually could not see the aptitude through lack of informa-
tion in the definition or where the rater could see it only iT a
negligible amount the level 5 rating was provided. Thus the
"5" ratings protect the meaningfulness of the '4" ratings. The
"5" rating is a sort of residual rating. It is to be used when
there can be no positive decision about level 4.

The Squeeze on Intelligence
In 196o the number of jobs available for persons at the top levels of

intelligence was somewhat less than the number of these persons in
the working population. 6.3 percent of all jobs required the intelli-
gence of the top 10 percent of the population, while 25.4 percent of all
jobs required intelligence in the top 33.3 percent. Thus many persons
of these levels work at jobs which do not call upon their intelligence
completely, and high intelligence jobs are more than likely filled by
qualified persons. But this assumes a good fit between persons and
jobs. Many highly intelligent persons may be unfit for these jobs for
educational, psychological, or other reasons. Thus the 1960 data may
already represent pressure on the available intellectual resources of
the population.

It'hile the implications at high levels of general intelligence are
uncertain, those for Levels 4 and 5 are clear. The absence of Level 5
jobs is, as rioted above, a peculiarity of the coding system. But only
25.3 percent of all jobs require the intelligence of the lowest 3.3.3 per-
cent of the population. If we accept the data, 8 percent of the working
population arc persons of low intelligence, who r,re either uncinpio;sed
or in jobs which require intelligence greater than their capacity. Put
another Ns-ay, 24 percent of workers of low intelligence must work in
jobs requiring at least middle level intelligence, if they work ai all.
There arc, of course, sways to nullify or rationalin this suggestion,
but it should not he abandoned

By 1975 demands for persons of high intelligence are forecast to
grow, while there is further proportional reduction of jobs for those

ith low general intelligence. The number of jobs for those in the top
13 3 perr.ent of the population 1110VCS closer to the limits of the availa-
bility of these persons, with 23.0 percent of all jobs requiring the
intelligence present in the top third of the workforce. Meamshilc 11
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percent of the working population, or a full one third of low
gcnce persons, would find their intelliwuce inadequate.

In 1975 verbal ability also conies dose to putting a "squeeze" on per-
sons with low aptitudes, showing a difference of only one half a per-
cent. Jobs for all low aptitudes except manual dexterity rid eye-hand-
foot coordination have a relative do ease or run= stable.

A consistently high growth in demand is forecast (Table 14) for
aptitud s corresponding to the upper tenth of the workforce. In many
cases the demand for these high -level aptitudes is low, but in almost
all eases they are growing rapidly.. (Exception is MOTOR COORD,
Nvhich for some reason has been identified as necessary to a negligible
ionnhcr of workers, probably a vagary of the underlying data and
method, ) This tendency is particularly striking for CENI. INTEL
and VERBAL, which are in relatively high absolute demand, and also
g, ',sing rapidly. This suggests (or rather confines a prior belief ) that

uming years it will be even more important to utilize these resources
with particular care.

TABLE 14

Estimates of Demand for High LeueI Aptitudes
(Corresponding to upper tenth of workforce)

Empioyment es
Fraction of:

1960 1975
S'orkforte Workforce

Growth in Employment,
:96c-75:

A, \tutu/Nis,
As Fraction of of Crow ill in
I gfco Numb( r 11'orkferce

6 GEM, INTEL .063 .075 .59 1.8

7 VERBAL .055 .066 .6t 1.85

S NUS!'illICA:,
g SPATIAL

.027

.011

.032

014

.5S

.66

1.8

2.,
10 FORM PERCEP .005 .007 .66 2 0

13 CLERICAL .003 .004 '54 t.6
12 MOTOR COORD .000 poo .00 0.0

13 FINGER DF:XT .003 ,0o3 .61 1.9

14 MANUAL. DENT ,002 .00.3 .56 1.7

15 EYEIIANDIFOOT ,00o cost .64 1.9

16 COLOR DISCR .001 ,0,-)1 .51 1.5

Only 2 :00 Workor; in Ober vcar ,a (re i I. Ictifir,I t.y tl,:c a n..1) cic as necAng

MOTOR COORD at thic lecc t This is t !early opcn to Treeti.cn.
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Combinations of Aptitudes
Some analysis sv..es also done with regard to demand for apti'udes

in combination. A few of their salient points are indicated below. In
196o, 6i percent of workers did not need io have any aptitude in the
top 33.3 percent of the workforce. The most important combirations
of high aptitudes were those involving intelligence or verbal ability.
Of the 13 commonest combinations, seven required intelligence and
seven required verbal ability. dy 1975, only 57.5 percent of workers
are forecast to get along without any high aptitude. Combinations
of many high aptitudes grow particularly rapidly. Combinations in-
voking intelligence are particularly revealing. Need for intelligence
by itself (i.e., not in combination with other aptitudes) grows at a
rate of .9 of national growth, but combinations inchiding intelligenee
grow in ascending order as the combinations become more complex,
until the highest rates of growth (1.9 and 2.2 times national growth)
are achieved by combinations of four and five aptitudes linked with
intelligence. The data suggest that needs for speciafized aptitudes
are less important than needs for all-arce,A persons. it would be in-
teresting to know the distribution of aptitude combinations in the gen-
eral working population, in order to suggest where there may be
"squeezes- on combinations of aptitudes.

Some General Observations and Implications

The rc,,ilts presented above s7. ;gest a range of commentary, from
quite specific criticisms to general impressions of their validity and use-
fulness, We shall suggest here some of the latter.

It is impottant to recall that this work projects demand for character
sties assodated s.ith jobs, not demand for the jobs themselves. The

Runs is thus not so much on the labor market as on the personal and
educational implications of its trends. This put'. in more fundamental
terms than before the shape of the future as reflected by some of the
demands placed 07. the workforce.

Also, the projections given here are of requirements placed on the
workforce, not of its actual characteristics. In many it,stances, actual
workers will be overqualified in certain respects; and in some they
;nay fall short of presumed requirements.

Further, it is important to note that the rnetheal of projection Ile (.1's-
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sarily assumes no change in requirements of individual jobs between
19&o and 1975. The failing was not avoidable, but should be taken
into account in interpretation of the results.

It is at once comforting and troubling that the resu'ts here confirm
our general prejudices about future demands on the workforce. Com-
forting in that the general agreement tends to improve confidence both
in the prejudices and in these results. Troubting in that there is a
possibility of having fallen prey to circular argument, since the re-
sults, though gotten from an elaborate sequence of technical opera-
tions, rest in .arge part on subjective judgments very similar to these
they confirm. But this is a pitfall of any s ich attempt to forecast.
The results are at least consistent among themselves, and to a large
degree with prior expectations.

Forecasts of this kind, in that they might influence policy, could
become self-fulfilling or self-denying prophecies, depending on
whether their implications are Seen as desirable or not by those who
make policy. Similarly, it is not surprising that der: nds nude on the
1,11-,or force tend usually not to violate the supply. Work is done by
people, and therefore in some sense is made to be done by them,
Ways of making work more productive and palatable are surely worth
seeking, but they are subject to constraint by the aptitudes, tempera-
ments, and other characteristics of the population that will do the work.

It is not uncommon in the above results to find rapidly growing
demands based on a very small part of the workforce. In these eases.
,ve might think that the demand implied by the growth is small. But
it is greater than it looks, since it will usually not be met orofsor-
tionally throughout the workforce, but primarily by new entrants.
%%lien this is the case, severe demands on facilities for education and
training may be implied.

One intent of this research has been to extract from the data sonic
information that might be of use in making decisions or setting pol-
icies. We lelieve the results reported here have potential value
for that purpose. But it is not for us to specify or suggest conclusions
for several reasons: a) such use will depend oil what other informa-
tion is available; 2) it sill depend on the context and intent of the
decision or policy; and 3) the effect of this information will vary with
the confidence attached to it by whoever uses it. So it behocces
not to draw conclusions, but to suggest a few things that should be
borne in mirki when doing so.
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Conclusions can be drawn and actions taken at several levels, in-
chiding those which will be described here as societal, industrial,
educational, a,1c1 personal. At each of these there are different possi-
bilities, purposes, and constraints. To each, forecasts of requirements
for skills in the labor force can have useful meaning. At the societal
level, this would include broad questions of social policy, equality of
opportunity, and compensatory programs. At the industrial level,
modifications to Exploit characteristics in less short .,upply is a possi-
bility. For education, plans for intensity, scope, and distr.,ution of
training ought to take these forecasts into account. Finally, at the per-
sonal level, individuals might use information of this kind in their
decisions to invest time and money in education and career develop-
ment, alloting their efforts in the face of the priorities (and hence also
the rewards) inherent in the demands on the workforce.

In the first three of the a'oove levels societal, industrial, educa-
tional there is a need (frequently neglected) to take into account
all of the working population. There has been noted here a grossing
pressure, particularly ia terms of intellectual talents and skills, on
both the most and least qualified portions of the workforce. 'When
these pressures can be adjusted by training, suitable programs might
be designed and carried ont. 'When they relate to tra.ls not easily
modified, there is a need to efficiently utilize the talented, and to
modify the content of work to allow the poorly endowed to take an
active and useful part. Thus there is a need to adapt the work situa-
tion to people as well as people to it. This is not a new or novel re-
quirement, but it is too often forgotten. The results here tend to
re-emphasize it once more.

About Accuracy
We now come to the question of the degree of confidence that may

be placed on the results given in this paper. It makes little sense to
%peal of them as being "sight" or -wrong." Pretty clearly there is
some truth in them. Likewise, all are surely subject to inaccuracy.
Bather than give any firm estimate of overall accuracy, we must be
content to list the principal sources of question, and to evaluate each
briefly.
I. The DOT is sometimes criticized both for its choice of infonna

tion and for the accuracy of its contents. But its failings are fre-
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quently those of omission, or of detail. Whatever faults it may
have, the DOT is a monumental work whose overall contents arc
highly useful, Our need here was for a comprehensive source
that we could rely upon in a general way. The DOT is unique in
this respect.

2. General questions of choice of variables, accuracy of data and
currency of data can arise. As to the first, we used all those vari-
ables available to us on the DOT tape. As to accuracy and cur-
rency, we hope this may he improved in information sources of
the future; but for now we chose to work energetically (though
not uncritically) with what is available.

3 It is important to distinguish the DOT and the DOTtape used
here. The former, a three volume publication, contains specifica-
tion of "worker traits" for 114 groupings of occupational titles.
These were developed using judgment as well as measured data.
The DOT-tape is essentially the raw material for the DOT, as
drawn from the field. It is thus in somewhat less refined form
than the DOT itself.

4. The projections of employment as taken from TNIN are also
subject to question. But so are any projections or forecasts. Real
prediction of the future is impossible and must remain so. The
TNIN projections were carefully created from present informa-
tics, trends, and understanding. They are as likely as any to
remain reasonably correct in most of their essentials.

5. Definitions and specifications of jobs are likely to change. This
is so more of some jobs than of others. Here again sve can only
conjecture that most of the information used will remain reason-
ably true -4ithin the near future. So long as the bulk of the cases
do not vary unduly, the effect of such error should be mild.

6. There are spots where the results indicate, or come close to indi-
cating, that the demands on the labor force are technically im-
postible to fill. Cle My, something has to give in these cases.
Either the requirements are in some cases too strict; or some jobs
are filled by inadequate workers: or the definition of certain occu-
pations are in fact altered to suit circumstances; or unemploy-
ment Is severe among workers of low qualifications. The truth
is no doubt a combination of all of these.

7. The composition of the working population changes over time,
as can be seen from the Census, By 1975 we can expect more
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women in the labor force and fewer young people, because they
will still be in school. There has also been a general rise in
scores on intelligence tests over the last fifty years. This is
likely to continue to 1975. Both of these changes have also been
in effect since data for the 1)0T was first gathered ten years ago.

8. Computational errors are also a possibility. The general intuitive
acceptability and cor;i5eney of the results suggests this did not
happen on a wide scale. In sonic eases, such errors have been
detected, and compensating adjustments have been made in the
results. An infonnal survey of the magnitude of known errors
that cannot be readily, compensated for (i.e., where information
is known to have been lost in the computer analysis) shows that
the fractions of employment given in the several tables could be
off as much as .005, if the data were very malevolently distributed.
There is neither reason to believe this is the ease, nor guarantee
that it is not.

9. Our method of distribution of DOT titles v ithin the occupa-
tional groups of TNIN has some effect on results. This can be
estimated by experiment, as is described and demonstrated in an
ap,,,,ndix to this paper.

io. The assignment of titles from the DOT to the groups forecast by
TNIN was made with an eye to speed and convenience. When a
careful and detailed translation is available, a repetition of this
work would be desirable.

By and large, however, we believe that the bulk of tlie data evens
out its vagaries. This is one of the advantages of treating with skills
over a full range of occupations, not for individual occupation, or
groups of occupations.
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Appendices on Method

We give below a brief picture of the technical procedures uses. to
obtain the results described in this raper. This will be done in three
pats:

1. Translation hetwen the two major sources of inkrination, the job
titles of the DOT-tape, and the 161 occupational groups of TMN.

2. Distribution of characteristics of individual titles among the total
number of workers assigned to the occupational groups.

.3. Some alternative distributions, to get an idea of how sensitive the
results are to the distribution of specific job titles within the sev-
eral occupational groups.

11PPEYDIX I TRAN'SLATION

Tomorrow's Manpocer Needs was available to us in draft from
the Bureau of Labor Statistics. It contains a matrix of employment
for tfit occupational categories by over too industries and industry
groups for 1.9(3o; and similar projections to 1975. The 19tio distribu-
tions of employment are derived from the 1960 Census of Population,
from the Bureau of Labor Statistics MAN MTN i on the Labor
Force, from varions agencies. and from estimates prepared by the
BLS. The 1975 projections of emplo:sment were developed by 131 S
econoinists, wlio extrapolated lust trends according to SC\ cral math-
ematical models. and then adjusted the results according to expected
market conditions, am! technological and other (lunges.

This paper aces only the d-4ta occupations, The 1131 categories
in THIN are an adaptation of the 19,50 Census of Population eate
gorics, with some of the lucre exotic titles aggregated into "not else-
where classifiedr categories (e.g., hucksters, newsboys. furriers, fruit.
nut and vegetable graders), and with other titles added.

The 1)0T is even more massive than TN1N, Compiled 1,. the Bu-
reau of Employment Security over ten years to roil placement efforts
of employment and vocational counselors. it defines 21.741 separate
occupations. The lX)1 consists of three volumis. Volume I contains
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an alphabetic listing of jobs, with definitions of the work performed
in each. Volume II contains listings of jobs according to several
different criteria. It also defines abilities, traits, and other charac-
teristics rated for each job, which are the following:

Relationships to data, people, and things
2. Training time
3. Aptitudes
4. Interests
5. Temperaments
6. Physical Jemands
7. Working conditions

These traits form the basic parameters for our skill projections. The
Supplement to the DOT, the third published volume, rates physical
demands, working conditions, and Ii ,ining time for each job.

The research of this paper uses a magnetic tape provided by the
Bureau of Employment Security, containing ratings for 13.777 sobs of
six of the seven dimensions noted above. \li..iy of the 21,741 occupa-
tions the "undefined related titles" described page of DOT
Volume I were considered so similar to other occupations that they
were not rated separately. Also, "interests" were not available for
inclusion oa the tape.

It would seem easy to combine the nearly 14,000 jobs of the DOT-
tape, each with their ratings of skills and duties, and the 161 occupl-
tional groups of TNIN, with their employment figures for /96o and
1975. But the two documents were developed separately for different
purposes. Thus their classification systems are not entirely cornpatiblr
A translation 1,etween them is needed.

The problem is how to 'ink the jubs without making 14,000 observa-
tions and decisions. The procedure used in response to this problu
is based on the six digit DOT number. The first thr'e digits of 11.;
nurntxr define the materials, products. or subject matter of the sere'.
described. and are listed cn pages 3.24 of Toluene II of the DO I
Digits four to six define the type and complexity of ill!! WorVer'c 5,
lationships to data. people, and things in the job (the worker fun:tion
referred lo in this paper). 'Ike six digit number does nit define e.151,
job liquely in some eases more than too jobf have the same IN)
nu., lber.
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The procedure for translation used in this paper is as f.,ilows:

a. Look at the first three digits of the DOT number, the 603 cate-
gories related to materials, products, or subject matter of the
job, and %Olen possible, relate all fobs with the sane number to
one TAIN occupational group. Examples:
TNIN: electrical DOT digits 1-3: oo3 (electrical engi.

engineer neering). (All jobs with DOT digits 1-3
of oo3 are classified hero under TM N
"electrical engineer.")

TNIN: postal clerics DOT digits 1-3: 231 (mail dells)
and

232 (post office
clerks).

2. If the three digit DO r number can be divided among several
TMN categories, use the entire six digit number to classify DOT
jobs. Exaniple:
TMN: i,wuranec agent DOT digits 1-6: 25o.255i,
TNIN: real estate agent DOT digit 1-6: 250.355.

3 Silica, the six digit DOT number does hot inaially defia- a single
job, sometimes the DOT number itself straddles Issa, 1 N IN cate-
gories. In this case, examine .ind classify individual jobs: This
is avoided unless absolutely necessary. Example:
ININ: postmasters DOT digics 1-6: 1SS.16S: ostmaster.

(Other jobs' ith DOT digits 1-6: IS-`3.16c3
are assigned (1w:whew.)

TNIN: counter and 1)0T digits 1-6: 311.878: cafeteria coun
fountain Lerman, and

oiler I)0 r digits 1-6: 311.S73: lunchroom and
coffeeshop counterman.
(Other jobs with DOT digits 1-6: 31 t.S7S
are assigned clsesvhere.)

Among Noe collar jobs (1)OT jobs as ith digits 1.3 of 5,w, to i.)99)
r(111,01 111, 0111 is II( (A. Ck.111 h (.11I,t of much t11,,11'

s, 11.1c 01111 the in professiow,,I r,t (13.1j.. (1 rot itif euec. I MN

has a category "construction catpc '00 1)(T I itegoix of
int( rs .crid iclatcd Crotir DWI digitc S(34,:, (i)ntaini
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among others, carpenter foremen, streetcar carpenter, 'oprentice car-
penters, rough carpenters, form builder helpers, and carpentry la-
borers. Not all of the jobs belong under TNIN 'construct on carpen-
ters," since a carpenter foreman belongs in the category of "foreman,"
a fonn builder helper in the category of "operatives not elsewhere
classified," and a carpentry laborer in the category of laborer.;."

These and other examples show that three categories of blue collar
workers -- laborers, foremen, and inspectors systematically cut
across the first three digits of the DOT number, and depend instead on
the last three digits, those defining the type and complexity of svorker
relationships to data, people, and things. Thus if any blue collar job
had one of the following sets of DOT digits 4-6, it WilS assigned to the
appropriate laborers, foremen, or inspectors category before :ipplying
the regular methods of classification:

TNIN: laborers DOT digits 4-6: 8S7
TNIN: foremen DOT digits 4-6: 13o, 131, 132, 133, 134, 137, 138

inspector DOT digits 4-6: 3S2, 3S4, 3S7, 4S4, 4S7

In some other casts the last three digits were also used insure assign-
ment of semi - :gilled jobs into the oeeratives category and high skilled
jobs into the craftsmen category.

The reader vs ill appreciate the difficulties in ch9osing criteria by
trying a kw classifications himself. 'I he system developed here is the
product of long acquaintance of one of the authors with both docu-
ments and a determined. SO1110010 grueling ;iron at objectivity. 7 tic
conversion is less reliable than that forthcoming from the Bureau of
Employment Security, which is taking several years to complete. But
it is structured and consistent, based on about moo decisioiis, and
should not be far oil the BES result.

The resulting distribution of DOT jobs among the nine major Cen-
sus occilpational groups is as follows:
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1.1P11,111.,ense

Occupational
Croup

Number of
Job Titles

Percent
of Total

Percent of Titles
as Multiple of

Percent of Labor
Force in Occu-

pational Croup, 196o

Professional 1254 9.1 .8
Managerial 526 3.8 .3
Clerical 681 5.o .3
Sales 257 1.9 .3
Craftsmen 2314 16.5 1.3

Operatives 6467 47.0 2.6
Service 435 3.2 .3
Laborers 1519 11.0 2,0
Farm 302 2.2 .3

TOTAL 13755 room

.1-he fourth column of the table shows the extent to which an occupa-
tional group is over- or under-represented in the DOT compared to its
distribution in the labor force in 196o. The DO r over-represcAs op-
eratives, craftsmen, and laborers, but especially operatives. Jobs in
these three groups may possib!y be more differentiated in face than pro-
fessional or managerial jobs, but a more likely explanation is that the
Bureau of Employment Security has traditionally dealt with and placed
workers in these jobs ratly2r than in non factory jobs. The apparent
over-representation may also be caused by the fact that industrial or-
ganizations tend to classify jobs and job duties strictly.

Ar'ENDIX 2- DISTRIBUTION

The assignment of DOT jobs to the categories of TMN is the prelude
to a simple computer program that estimates distribution of skills and
other characteristics in 196o and 1975. This is based on three key as-
sumptions. The first is that the ratings in the DOT are not biased.
Since the ratings for each job arc based on observations of workers by
trained cod ..rs, we cannot be certain whether the coders systematically
exaggerated or downgraded job requirements.

The second assumption is that requirements and duty c for indi-
vidual jobs sell remain con tart from igr,o to 1975. Ilistoiical analses
show that educational requirements for individual jobs h lye changed
over time. It is also certain that actual skills and &ticr for some jobs

33



have changed. The data do not allow us to take these changes into
account.

The third assumption can 3-e seen horn an example. Sixteen DOT
jobs fall into the TMN category of "accountants and auditors." But
we do not know the distribution of employment in these 16 jobs,
which include accountants, auditors, bursars, estimators, credit an-
alysts, and others. In this example, these 16 jobs have very similar
skill and attitude ratings; thus the results are not greatly affected by
which jobs have the most workers. The problem is more serious in,
say, the 91 DOT jobs under the TMN category of "professional and
technical workers, not elsewhere classified," where the skill and atti-
tude ratings are dissimilar.

The tables of this paper arc based on a simple, arbitrary solution, in
which each DOT j-d) within a TNIN category is considered to have
the same number of workers as do other jobs in the same category.
Thus each of the 16 jobs assigned to "accountants and auditors" is
assumed to have 429.332 divided by 16, or 26,833 workers. This
method clearly adds uncertainty to th, results.

These three assumptions, joined with the inevitable uncertainties
of projection of erup/oyment requirements, mean that the resulting
distributions of skills arg1 attitudes in the labor force are only distant
approximations of reality. Except for the third assumption. we can-
not even 111(V.slite the margin of error.

APP) \TEX 3 ALTERNATE DISTRIBUTIONS

As noted above, the distribution of DOT jobs within the occupa-
tional groups of TMN is not known. In the main text we assume that
each job has a number of workers in it equal to that of each other job
within the same occupational group. This may distort the distribution
so that the numbers in either more complex jobs or fess complex
jobs are exaggerated, thus resulting in changed estimates of edu-
cational, intellectual, psychological, and physical requirements.

To examine the extent of this error, the effect of high and then low
skilled jobs can be systematically exaggerated. The worker functions

relationships to data. people, and things describe the Tarsi\ e
c_ruplexity of jobs and are arranged in a rough hirrarchy. Thus one
of these relationships ran be upgrar'ed or downgraded. and the re-
sulting changes in werker Njuirements analyzed The relationship
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to uata was used for this purpose because more workers in 196o It.we
significant relationships to data than to people or things, and
because the categories in relation to data have a more clear cut
hierarchical order than those in relation to people and things. Four
methods of distributing workers among jobs are described below:

I. "Equal Weighting." This is the method used in the text, and
described in Appendix 2.

2. "Upgrade data." Here it was assumed that within any TMN oc-
cupati)nal group, each job occurs 1.5 times more often than the jobs
with a relationship to data immediately below it on the DATA a'ari.
able. The number of workers in a DOT job category was then com-
pute.] by the following equation:

D,E
Workers

where D, is the weighting function defined below.

DATA

Level (i) D,

17.09
1 11.39

2 7.59

3 506
4 3.38(1.5)1
5 2.25(1.5)2
6

8 1.0

E is number of svorkers in the ThIN cecupational group.
NI is number of job titles of DATA loci i that fall within the THIN
occupational pimp being considered.

For et ample, among the 16 DOT jobs classified under accountants,
12 'coordinate" data and 4 °analyze" data. The number of workers
assigned here to Each of the 12 jobs coded "1" is 29,274. while the P11111-
her of workers in each of the four jobs coded "2" is 5o3. In oater oc-
cupational groups, particularly those imdcr not elscwIn re classified"
categories, the spread of relatinhOlips in data is greater and the w eight.
ing more extreme than in this example.

3. 'Downgrade data.- Method 2 can he reversed so that job! with



less complex relationships to data axe emphasized. Then the number of
workers in accounting jobs is 23,851 for each job coded "2" and 3s778
for each job coded "2."

4. "Single jobs." A much simpler method is to choose one Cr two
jobs which are believed to be most typical in terms of worker require-
ments) within each TMN occupational group, and to assign all the
workers to these one or two jobs. Thus, not 14,000 jobs, but city 202
jobs (each related to one of the 161 occupational groups in TIM)

. the basis of the projection developed by this method. In the case
of accountants, the DOT job entitled "accountant" (DOT number
16o.188) was chosen and assumed to have all 429,332 workers.

Table A-t shows the distri;mtion of relationships to data in 1960 and
1975 for the four methods described above. The result of upgrading
or dovngrading relationdlips to data within TNIN categories leads, as
expected, to somewhat different overall distributions. But the relative
standing of each relationship is fairly constant. "Coordinating" is the
most common relationship ire all four cases. Four less common rela-
tionships to data "synthesizing." "computing," 'copying." and "com-
paring" vary but never does any of them go over 4.5 percent of the
labor fo:ce. the growth rates from 1960 to 1975 for the first three
methods arc also fairly stable. The growth rate for the fourth method
"single jobs" varies much more than the othrl ;. "Comparing,"
for examplo, decreases it percent. Since in the fourth method rela
tionships to data are 7 only 202 jobs, extreme results such as
this are not unexpected.

Given the differences in complexity of job relationships to data,
what happen.; with the other requirements? The results for general
intelligence give an idea. In Table A2, "upgrading" data leads to a
greater frequency of high intelligence requirements, while "down-
grading" data leads to lower intelligence requirements. We would ex-
pect thin since complex relationships to data should be correlated with
high intelligence. But the difference in distributions of intelligence
requirements in all fou: methods arc not so great as to change our con-
clusion that intelligen, c is in great demand. Similar results ha.-c been
found for variable 29 STRENGTH, though they arc not shown here

36

Ii 1



T
A

B
L

E
 A

-1

D
is

tr
ib

ut
io

n 
of

 R
el

at
io

ns
hi

ps
 to

 D
at

a 
A

cc
or

di
ng

 to
 D

if
fe

re
nt

 W
ei

gh
tin

gs

R
E

L
A

T
IO

N
SH

IP

i. 
E

qu
al

 W
ei

gh
tin

g
2.

U
pg

ra
de

 D
at

a
3.

D
ow

ng
ra

de
 D

at
a

4.
Si

ng
le

 J
ob

s

,f
,,

10
75

G
ro

w
th

19
60

19
75

G
ro

w
th

19
60

19
75

G
ro

w
th

19
60

19
75

G
ro

w
th

o.
Sy

nt
he

si
zi

ng
.0

19
.0

25
.7

4
.0

26
.0

34
.7

3
-0

12
.0

16
.7

4
.0

24
.0

31
.7

2

1.
C

oo
rd

in
at

in
g

.2
26

.2
29

.3
5

.3
72

.3
63

.2
9

.1
50

.1
6i

.4
2

.1
93

.1
7

.2
2

2-
A

na
ly

zi
ng

.1
15

.2
25

.4
5

.1
37

.1
46

.4
1

.0
94

.1
03

.4
6

.1
23

.1
46

.5
8

3.
C

om
pi

lin
g

.1
72

.1
85

.4
3

.1
36

.1
95

.3
9

.1
26

.1
38

.4
6

.1
89

.2
00

4.
C

rm
pu

tin
g

.0
29

.0
32

.4
3

.0
25

.0
27

.4
6

.0
27

.0
30

.5
0

.0
26

.0
30

.5
3

5.
C

op
yi

ng
-0

31
.0

35
.4

8
.0

16
.0

18
.4

6
.0

44
.0

49
.5

0
.0

23
.0

28
.6

2

6.
C

om
pa

ri
ng

.0
19

.0
18

.2
3

.0
12

.0
11

.2
7

.0
30

.0
29

.2
9

.0
03

.0
02

-.
11

8.
N

o 
re

la
tio

ns
hi

p 
.3

88
.3

51
.2

1
.2

25
.2

06
.2

2
.5

18
.4

74
.2

2
.4

18
.3

86
.2

3



sa
00

P,
 '1

0/
10

00
04

,

t.) 00

T
A

B
L

E
 A

-2

D
is

tr
ib

ut
io

n 
of

 R
eq

ui
re

m
en

ts
 f

or
 G

en
er

al
 I

nt
el

lig
en

ce
 A

cc
or

di
n:

, t
o 

D
if

fe
re

nt
 W

ei
gh

tin
gs

1.
E

qu
al

 W
ei

gh
tin

g
2.

U
pg

ra
de

 D
at

a
3.

 D
ow

ng
ra

de
 D

at
a

Si
ng

le
 J

ob
s

ui
va

le
n 

L
ev

el
19

60
19

75
G

ro
w

th
19

r,
0

19
75

00
w

th
19

60
19

75
G

ro
w

th
19

6o
19

75
G

ro
w

th

T
op

 to
 p

er
ce

nt
 o

f
W

or
ki

ng
Po

pu
la

tio
n

.0
63

.0
75

.6
1

.0
6y

.0
83

.6
o

.0
57

.o
68

.5
9

.0
96

.1
08

.5
0

T
op

 1
0 

to
 3

3.
3

pe
rc

en
t o

f 
W

or
k-

in
g 

Po
pu

la
tio

n
.1

91
.2

05
.4

4
.2

25
.2

33
.3

S
.1

59
.1

75
.4

6
.1

55
-1

73
.4

8

M
id

dl
e 

33
.3

 p
er

-
ce

nt
 o

f 
W

or
ki

ng
Po

pu
la

tio
n

L
ow

er
 3

3.
3 

pe
r-

ce
nt

 o
f 

W
or

ki
ng

Po
pu

la
tio

n
.2

53
.2

25
.1

8
.1

62
.1

48
.2

1
.3

11
.2

79
.1

9
.3

00
.2

67
.1

8

-4
92

-4
95

-3
5

.5
44

.5
36

.3
1

.4
73

.4
78

.3
4

.4
50

.4
52

A
4



Acknowledgments

We are indebted to the Bureau of Labor Statistics and the Bureau of
Employment Security of the United States Department of Labor for
the data used as basis for the results reported here. In the development
of this paper, we have been much helped by suggestions and comments
from A. B. Eckerson, Joshua Levine, and Leon Les is of the Bureau of
Employment Security; and from Rhoda Baruch and James Scoville of
Harvard University.

39

A ,;



References

The sources listed below are restricted to those which have been
used directly in this work, or which approach highly similar questions
(as in the case of the items by Eckaus and Scosilie). No attempt is
made to give a careful summary of the literature relating to occupa-
tional forecasting, or to the shape of the workforce in terms of its de-
mands upon its human members.

1. Berger, Peter L., ed. The Human Shape of Work. The Macmillan
Company. New York, 1966.

2. Boro, Henry, ed. Man in a World of Work, Houghton-Mifflin
Company. Boston, 1964.

3. Eckaus, R. S., °Economic Criteria for Education and Training,"
Retiew of Economics and Statistics, 46:2 (May 1964), pp. 81-9o.

4. Cinzbcrg, Eli, The Development of Human Resources. McGraw-
Hill Book Company. New York, 1966.

5. Harvard University. "The DATA-TEXT System." Preliminary
Manual. Cambridge, Mass., 1967.

6. Kahn, Herman, and Anthony J. Weiner. The Year 2000 A Frame-
work for Speculation on the Next 33 Years. The Macmillan
Company. New York, 3.967.

7. Lewis, Leon, "Development of a Convertibility List Between the
DOT and Census Classification Systems," Proceedings of the
Social Statistics Section. American Statistical Association,

(1966),PP. 204.207.

8. Scoville, J. G., "Education and Training Requirements for Occu-
pations," Review of Economics and Statistics, 48:4 (November

1966), PP. 387-394.

9. ___ The Job Content of the U.S. Economy.
McGraw1101 Book Company. New York, 49.

40



407M- 9.

to. United States Department of Commerce, Bureau of the Census.
/goo Census of Population, U.S. Government Printing Office.
Washington, D.C., 1961.

11. United States Department of Labor, Bureau of Employment Se-
curity. Dictionary of Occupational Titles. Volumes 1 and 11
and Supplement. U.S. Government Printing Office. Washing-
ton, D.C,, 1965.

12. Estimates of 1Vorker Trait Requirements
for 4000 Jobs as Defined in the Dictionary of Occupational
Titles. U.S. Government Printing Office. Washington, D.C., n.d.

13. Guide to the Use of the General Aptitude
Test Battery. Section 111: Development. U.S. Government
Printing Office, Washington, D.C., 1962.

'Work Performed Interest Man-
ual," "Aptitudes Nfanual," "Temperaments Nlane "Physical
Demands Manual," Department of Labor, rninuographed.
'Washington, 1).C.. 1959, 1961, 1965.

15. United States Department of Labor, Bureau of i,a..or Statistics.
Tomorrow's Afnnpoicer Needs. Draft «Thy, Visl,ii,t;toti, D.C.,
1967. ( Published in part as "OccupationI Employ meat Pat-
terns for I9 6o and 1975." BLS Bulletin lc9C, )1'

16. Wolff, Laurence. the Shape of the Futilre: A protection of
Skills and Attitud"s Required by !he U.S 1 ,111,,r I". ',e, 19Go
75." Unpullished Ed.D. Qualifying Paper. liars ord University,
Graduate School of Education, Cambridge, f

el ;


