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ECONOMICS OF ON-THE.J013 TRAINING: ANNOTATED
BIBLIOGRAPHY AND LITERATURE REVIEW

I. INTRODUtTION

The project’s objective was to thoroughly review the literature on analytic techniques of on-the-job
training, inclusive through mid-1976. In 1974 , Hq USAF requested a cost analysis of on.the-job training
(Oil) in the Air Force. The results of the present report are to be Used in the development and validation
ofa cost analytic model for Air Force Oil, under a follow-on contractor work unit.

A review of direct and indirect methods of cost analysis related to OJT was made to assure coverage
of all relevant materials. Five major areas were examined, They were:

I. Theoretical economic issues.
2. Cost analysis, cost-benefit analysis, and systems analysis.
3. Models, simulations~, and games.
4, The all-volunteer force.
5, The economics of education and training.

The primary focus of this review was on the last area.
This report is organized into four sections: First is a narrative section which details the literature

directly impacting this study. The second section takes broader aim, looking at the theoretical areas which
directly affect the study. This section also addresses analytical techniques related to the objective of this
work unit. Section 3 of this report provides an annotated bibliography on all the literature reviewed during
this effort. Section 4 contains a listing of additional references.

II. THE LITERATURE ON ThE COSTS OF OJT

To date, the literature concerning OJT and its costs has been sparse. Theoretical treatmen t of
education and its efficiency began over two hundred years ago with Adam Smith’s Wealth of Nations. These
expositions were called “studies of human capital.” However, this term is of relatively recent origin. In
1966, Kiker published a review of the history of human capital, including its theory and practice, up
through Walsh in the l930s. Ofparticular concern to the present review is that portion of literature dealing

- 
with manpower programs and their costs.

Studies dealing with manpower programs and their cost s have usually defined relevant cost as the cost
of the program to the individual. In general, this approach has not been useful in the present context of this
review. The total “social cost” of a program was of interest ; not just the cost to the individual or company,
Examples of such studies abound in the literature, and for this reason, an exhaustive list is not provided in
the annotated bibliography;however , a representat ive sample has been included.

Two approaches have been taken to determine relevant costs. The first approach is to take a
company’s training program, tabulating the company’s cost in salaries (eit her of the employees in training
or of those temporarily hired to replace them while training ts in process), tuition/ fees, books, plus other
direct costs. This tabulation is used to determine overall program costs. Returns have usually been
calculated on the basis of increased productivity from the trainees , measured in terms of salaries paid to
similarly trained employees, from which the salaries of the trainees are subtracted after training. If the
difference (return) is greater than the costs, over t he long run, the program is termed a success. The second
approach, which might be called the individual approach, calculates the costs to the individual incurred by
entering a training program, completing it , and then receiving a higher salary in t he future . Individual costs
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(foregone income or leisure) are subtracted front the Iui creas e in salary expected as a result of his increased
human capital. As in the previous approach , if t he index is positive , then the program is termed a success.
The diftIculty ot these two approaches is that neither internalizes all the costs /returns of the program . For
presen t purposes, t he tlrst approach may be more appropnate: however , military personnel are not replaced
or elintina ted during training. They are kept at their jobs , and t his impacts duty time and supervisory time
dunng training. The real differe nce is that the aforementioned approaches deal with formal , “resident ”
training programs rat her than on-the-job training.

The literature of education economics has been similar to the literature of OJT. However , greater
emphasis has been placed on the examination of costs and returns to the individual . This concept has been
used for the examination and evaluation of economic issues ranging from growth to individual planning,
wit h growt h studies being analogous to the institutional approach previously discussed, and individual
investment studies analogous to the individual approach to OJT. Bowman (1969 ) and the UNESCO (1962).
show the importance of fitting education into the growth schedules of developing economies.

l’he material of central interest to those studying the economics of Oil probably began with the
book by Becker (1964). Although its title includes a reference to education in general , t here was a specific
treatment of on-t he-job training. Studies by Mincer(1962) and others clarified the theoretical background.
while military analysts followed with studies of tlieii respective service t laining programs. Analysis of
military OJT was performed by Arzigian (1967) for the Navy, and Dunham (1972) and (;ay and Nelson
(1974) for the Air Force.

Becker (1964) divided OJT into two types , general and specific. General training l)repared a person
for an occupatioti (he used m achinist training as an example). General training was usually paid for by the
trainee, largely because the Investing firm had no guarantee that it would receive any return from its
investment. Usually, the trainee paid in the form of decreased wages over a period ot tinic. Specitle training
was training considered to be at least p-aoliafly useful to the specific operations or processes of the
employer. The military was cited as providing many examples of specific Oil: such as that for ast ronauts ,
f ighter pilots , and missileinen . This list could also include infantrymen . moitarmen , bomb loaders, and
weapon mec hanics. The extensive specific OJT in the m ilitary has had few secondary effects in the forni of
social heneflts . w hile general training has had greater implications to the civilian economy. These general
training benelits stein from (he provision of militarily trained manpower such as warchousemen. cooks , and
clerks who m a y  continue working in these jobs af ler they have been discharged from the military.

General-trained civilians are paid less during their al)prenticeship than afterwards in an attempt by the
firm to get them to pay for their training. Specif ic-trained individuals are paid their full wages (as the
emp loyer reaps most of the benefit). It could be said that the military student in specitlc training should be
paid uliore during training than the individual in geuicra l tiaining is paid. This, however, has not been the
case. In the military , all personnel have been paid a u niform wage. The military has provided proficiency
pay as a means to pay more ove r t he long ruin to an individual in specific training. Such pay was given on
t he basis ol occupational tleld in the Air Force. Thus, while civilians have benefited front general training in
delayed fo rm , military personnel have been paid for specille training in delayed form. This has allowed
military individuals, w ho receive universally valuable training, to avoid the payment (in wage diffe rences
relative to the ir peers) of the investment cost s I)aid for training by t h eir civilian counterparts. Ilowevei .
wit h respect to the military the results are similar to the end result in a civilian economy :

K ill ui~n;uI 11111% ~‘~I% ns’r.tI Is I rdlflctl L’ii i t~I°’”t ’ I Iit .I IllS.’ 55 .1 ~III(I S~~I.’(I  ij t ~uIl~ I ra j uit ’t t Ciii PI’’ S CC 1Ii,chcr 5’, IS 5’ 111.111 I lie) tisulul i!t ’ I el-.C’,s lis’rC. . . I i r III%~~Irt 11511 III II t.UhiLI. ’ i flCtl It itItl i h i s ’ III ~IilWI,’1 Ille nipkivt ’e’s ss u l Ii !t’fl t ’ r h  I r,uufl 1111.1 mid 11.155.’ f l I t  I f i tC f i  II’. 5 Itt t i l ls. ’ r I lItiII 1 prs’In ill Iii it )ti vs ’ 55 151,’ .. et sew tiers’lit - t i  l ist ’ I lit - I t ISi  ,ii ‘ I l t i l  I r IIIII II~
, Is IflirIlt efli irel~ h’. I lit~ III ISIII% I,’t”, I runs art’ tns- s’rn,,’d ‘.51111 I tIc
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II run- . ‘ I t i ll III I heir I r.III%j IiG t t t s iS  I t II’t.kCI . I 9(s4 - ~‘ 
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So. t he Air Force approach of paying prot lciency pay lilecilt ives to i t S  speciiic.trained personnel can work
econolIlically when properly used.
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This tIiial assumption imuiplied that by t h e  end stf’ a formal school, the person’s value had iuicressed
without cuts! to the Oil system (-all cost s having been absorbed by the formal course) and that t h is level of
efkctiveness was t he itm ie at which he start ed his Oil, Fu rt h er, this implied that this rate of’ learning
continues essentially kurever (at least th rough the journeymatu level). A further assumption w~s that the
superviso r spent tlve percent ol’ his time with the trainee and was of the E6/ E 7 rank .

While none of’ t hese assumptions would likely yield an exact and accutalt ’ estillia tor of cost at any
title time , in the aggrega te , each w as probably a fair estimate For instance , it was unlikely that the
incremen ta l utility of the t rainee increased linearly . It was more likely t h a t  th ere were decreasing
ii’.creunett tal returns By thte same tokemt . it was likely that learning took i lace less rapidly on the job than it
did imt school, ‘flit’ ssiuii effect of’ these Iwo nonlinear functions ntight he approximated by the straight line
functiout Auigian posited. Note Figure I. area A. umu der the st raight line, This represemits a hypothetical
recent graduate’s utility, starting with huts crit ical low productivity in terms sit ’ t he mission am td his rapid
adjustment atiti increasing utility, w hich fim taliy intersects the projected utility sometime after his arrival,
Area K represents the excess of actual utility over estitnaled utility through the attainment ot ’journey man
status. To sonic extent , area A offsets area B and tends to make t’(x) a reasonable approxintaion of u(x~lThe sa ute analysis applies to the use of ’ a constant live percent time investuluent by the supervisor . with thte
early investment heavier , and the late investment lighter than the constant rate.

Value

A . Initial utility ute) is less lhafl Ihe estimator , tIe )
B - Later utility . olel . gieauer than the estirnelor . t txh

f (x )

C u(x)

Figwe I. Technical utility and its estimMor. (from Arzi~an, 1967)
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Fin apphicat ittn itt the Au FsurLe . this 5(uat% sis leads ttu d it tI 5.-tI l % in sls’ieummmi iit mug the leiigtli sit tiltic it

t akt’s In reach this’ )ounueyniami level - While .-\t i igiaii divided t he Navy pe isslluult ’l m It ts ’ h ilt I s- .Iit ’gs ‘lit ’s

~ leclititciaii, Meelussmti~’. Operations. Stipport ) w ith timt tem euil t O il s’s It t l l mst t k ie u id y .  I liMIt 12 t t l  .(t  Itiont hIs.
there is no csti iiisarahhc alignuuicuit Istu t SA t - pet st t mtmiel h u t ’ tnui c.i is ’go i it ’s u~ctt Itt ~‘piiu ate An I in st

career t’me lds wttuhd l i ass ’ llits’Ilialh% tti ’.cugetit lesels si t dittlctIl t~ . amid so Jut’ ho t  sLI- tct ’} ltihls’ to d .IS\

gemueralmiatit imu .

(‘arpentet ( l~)7O1 desemihesi t h e  An Futtc~ tmaui iiuig It i t us t aIlt , Ii’ . l is t ’ oh ski ll levels antI various II ail t mi ig

methods, and • he pit ‘hhenu oh ii  i~tc h ing 115 unit g needs to t m aiitiuug hu ms~~t anu s . Oct u p.m l it i oat so 1 5 5 ’’ . ~iusl i hen

use mit siesignuig cut imt ’silj Wdt t ’ tiIt’ludt’II i i i  iht~’ anst~ s is . Questions itt t h e ,Ost sit tleslf .lIlllg c i t t l Is t ’s w i th

tiatnee a ttmi hutcs uti Ililit ti ~ii ttSC %t t i t ’iI dcs-usl iuig si bet lit’i It t inc lii&le stihjt’~ts iii a tet ’t i ii l s J t  scltout h iii iii Oil
and whieic tucithet rita’s he app is t p I iatt ~

Ilts’ ~ ii l Outs ’ is ,Ii S %5’ rit t(ls ttls,l itS,II i t.ICS ’ iii _l~’~’ l t ’ 1 , t i I l l t  liii ’ t l Ilt SIiI’ ii tSt’%. ItIS , Ills ’ t\isl s s’ I (1_li .iitti

t ’iiui ’I Ii ,iIi tIii ~’ Iii .1 ItIti sCII tiuc .115 ’ l is ’ t ltIIt itt ii III I . , , t  - It 11155 ~~,‘ti (it’ t lu.ut liii ’ h u l l’ ,~I ll_iii1l i i,~ , ‘ s Is  .115’

ht*tt tt ’ .’ iu lIt h i t ’ ,iItC r.IiIIl ~’ t t i itt t ~s ’ ts  , ‘I Ill, III,Il,’ l ,‘ ll i itI ,jiitIS , st i l t i  Ills is silIls 1 11.11 t Ilt ’ ‘ ic.i is ’\l
.ithi,’t, mv~Iiluuit)~ Cl lIs 1, 115’, is lti i,’tlst ’tI , ‘ t i  “ .11 Ii Ji itiflC I, t,ilIi ui ,iIltl I 5.11 . )  11151 s’t% ht5’t ’ .iils5.’ I t ’ . t , ’’ i I’.

u%tsntl t kl t uts ’ .1’. ii .itllitig 5 ,15 1 t ( . I l t x ’ luls ’l In7 II . p l~ l l

tSiII,it is’ s t sl itiulsi mit ’ I l’s’ 1 hs’ ~~‘ I’,’ t it ’is ’Iiilii i.1ll I ol It .IiitillI ~ ii I,’tti ’ . h u e  C~ t’l Ill i lwsu ’ 111,11.11 ti ’ l 115

t I 5imtiitI~) s ist ’ s th is ’ t l lI5’s( ittli ~‘ I sltII t, II s,’si ti’,’souiis ” . ilu.ii ,‘l ils ’ ts ’ t l i t l l l t t t)  lI,’uu I.’ s lilluiSIt ’ i l ls ’ ,IlIls ’siIli sII

is .iIl’ ,itt ijs ~’tIs ’tI loi II1III1IIII IIII uluItI,I1 sSISI h( ’.lI ps’ IitL ’t I u’~ i p. 21)). —

h ue  actual cost sr) doing dangerous naming ~tfl the job us ltrghi when t lue cst5ts s if lilt’. pistpeit~ . ansi
personal set s- ice are e’sphie itt~ tuickmskd . i.owetimig t he risks ~~siçiatctl ‘.%It lu itib peitttt i italtee hISS a
substantial histoi~ til’ s’cstfltiiiliC tathi e r tliaui luuntauu ilariaui s’aust’s , .insl t Itu s c.iss ’ IS ito dtf tc iet it. 1tu~
gt t’.er li ii t ct l  I 15 I s’sputnsih Is’ 1st i t h e  ~s it’ iii mnju red pci sotunc h - a nil ii is he i t s ’ t hi ti5int’ss to l~t~ in hirs’’.s’III

.wcideuuts t han to paw in luesl t h e  in~tured. (‘arpenter ( 1Q70. p. 2O~ al~n asss’itetl ttu~t lugh-tt’ve t stips’i s iso ts
wdle t h u  I s’WS it i L’ii sir ratet i tiur their lit’r f’ouniancs’ ;is Ii ati us ’is Ouu t h e  cotut i s i - thit’ii htcr fst iiuuai ts’e in
ittaintaitting and itttpusuving the prsilicls ’flcv t if itt ei r s ubt ur d inacs ’s is ‘.s’r ~ dt’f inits’I~ .1 paIl tit’ t heir ass lgiIet l

duties. It us ‘.et~ apparent t hat their pruiuu ,iI\ job. t’stiit~iletimig t llt ’t I itt t ssi t ifl , IS quite tls’tut’fldent ttpttlu this’ skull
s it  t heir worke rs.

Regarditig the gcmterahit~ sit ’ instuuc t ion ~ntl its appIicahihit~ 1st t he sanis’ task s uu ehautgillg St’ttitt~ t,

Carpenter said,
Pci h.ip’, I Its’ i ’tsi 5% .15 1,1 ti CS s’lt’ P t Ilt’ II .111155 ’ -

‘ ,It’tIm( It ’ Cs ’t us ’ r,ttuie %s It hIOiIl s i t  5’fl~5’lK’I,I Ilitiit’ itlIlliti Its’
Itt 5155’ h u h  si(t (tiI i 1511111 Is’ s It t pe~ ki rt li t I t i.’ 541115’ 1,14. tiuu’,ts’r ‘.5 ists ’lS 5 .11 ~ ui t g i~tiut1ll it ’ l l’., .111,1 this i .alt Its’
.lto’ihi t’lIsItssI ‘lli ’tt I 5.15111% lii it ’ r itt iI ‘ 1  uili fl 5~. I 511 e 5,1 IIlt tlC - st ill s’rs ’ Ill iS’iil 111,1 ,iu t s 111.1 ’, k iss ’ slit ls ’I s’lt I
I s -qu uis ’Iui enms t o t  stt , sUitls ’ itl.iitt t fl st m l l t , s ’I lt ~ itlO t Ii lts su t 11111’,’ 11155 tue .illoited I,~ l ilt ’ t~4, - oi ~lll lels ’Iii
lliI\ s’5 ,‘I ‘.1. Ills 111 ,1% itt ’ tt ’~’tt lit 5 ,11 7’, tIl)~ it s tI lt I(’ 2$)

Fritiut t he st anstpsuint 5’f t’t ’t lcicruc~ , ho’.’. c~s’r , ii appears th at Ihieri’ is’s ds’crt’astmug ie tt iu n suit in’.’s’stnls’uut
as traiitees are ta ihtir’mltade liii specitic ;ohs When h ue adtlilitinal hu,tlt’n of keeping t h e  school c iii is’uit htas
heemu addeti to th is’ expense of ta i htut iutg it ls tr uctit itt . thte increased productivits s i t grz idt matc s h~s l~iihs’si Is’

105t h ’ . the cttStS sit’ t hus’ tai lored puvgraiuu A gl;ithiistC s tamiliari/atioui tnuts’ at his t’iis assigltluut’nI uuuighut he
slightis reduced if the precise csuutttUnuuis Is’ he lllet ws’re i~t’Iuuls’d in alternative hoi tu la t s  tisetl in the schisioh.
Oth erwise. t h e  oiuh~ I ra hiu nug used on ttu e job is the specific skill (nuantish or siths’rwtss’) lt’~itted pttis SOflIs’

degree tth ’ job fanuitiarits Iessmttitug t r~~n’. the iuttmt t iphe training It is likely t h a t  thtt’ ue1ut’~It’d tllslisls’tlsin

prsWsised (t~ pically tu,urids’tun ttautui tug ) us Insis t s’ttj c iei’ .tty skins’ s~ti’t hit’—~sih, w heue s tu t ie-tsi-tl ti c

cst rrcspsuut dence ex~ ts tuetweeit w ltat is tastghul and what is nct’ds’sl. Th ere shoutd hi’ tutu loss 01 ctt1t ’is’uhd~ il
t here is a direct di ii tesptindeuicc bi’tw~s’ui I ma i uuce hterI ’si ruu taiuce iii sc tusituh attsl ss hal the ii al li es’ is ex pect ed ts u

pcrl~iriuu situ t he j sh thoweve r . (Itt’ sutue’tsi’tunt’ iutstruct ou/st tm deutt t a t  is’ which appears 1st be imus’tt ls’tctut t ilt t htt’

~oh wsiuisi It ase to hi’ sitiphicat s’sl in ( hue classrttouuu it~ gtinsl results we l t ’ tsi he subt~iuus’tt .

The tuest point tuuade was thuat tl.utuing should hi’ j~unesi tow au d ~
-iet t t t Inu Sn t ’s’ ill isu h-is ’lj tcsl tas ks

rather t Itan general knsiwkdge. (‘at t’elutcr suggested hiutuiting this’ dells cry it t ~~uuei al hackgtostuutt imtf ’t i mi i tst t s uu u

anti theory 1st that reqsiired li i sumutn uari /e general l’iiuiciptt’s suit to teac h’. the t,ur~ tuu oh’ th e  t Iaste . Sluc
presented the Vut ’%i that training tu us ’ . hi’ tutu ’ l.isk orEC (Itt’tI it ’ ptost ds’ t he gs’ns’u_ iI iuuukustau usiing itt ’

ii
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“pm mt ucm p les stf ’ job pethuruuuaii ce ’’ (rules suf t Ituiuth~ used b~ j nuiuie ~ nus ’n, SIte obst’mvetl t h at . “ iliese are st( ’tet i
quite uinre latesl tt i the 111cm) nt uuucchanics autd o t h er  stmhjes’Is t h a t  pa~ as ‘f ’undamuu etita ls ’ iii iiuuc h sit’ t’ornual
traiuuini’ .” ((‘arpeutter , I Q70 , p. 22) . In s ttuer words. pme semititug imtapp mopriale back gituutud imuf o r uu uatis u m i is no
heItcI . aitsi probably woise . t han presetu ling n one at all .

Thus’ u i - j un ~ I tthkiuu III il l at sit ing Ii am imu g pm ogranus to I hs’ neesl it t ’ t hi’ Air I s t mdi’ s’. a ’  t h at Iii ems ’ we is’
h u t  luucdl u.i nis lns 1511 ‘S Ut siiuua t IC ,utI~tist lii i’ Itt sit i’ t i t i t  St c Oui t et i t  stud inst i us’ t usutual  iuue t h osts oh ’ ciuauugiuug st utht’nt
psupulatisumus stud training rt’qtuhr e muue u uts . Accorsl imtg to (‘arpemut er . ‘Li sua hty , lusiw etc t , t iiut il thus ’ tuii st uiatchus’s
becolhue t ot) se’.ei C. iiutiividual tra iuuiuu g programs slowly drill tsiwarsl less-and-hess-et ’flcielut match es w it h the
m b  i eq ut lemi ieuuts ” ICzii ’ pemi t er . I ~)7Ø, p 23) .

The repo rt cstnucluds’d wit h a section tul l’til tire simiect ions l’str  rs’searchi. Areas sit ’ ttt’edt’d rt’ss’auch
ins-I tided jsuh desc rmp h mou us. ilucast l r s’tfls’ mu ! s it ’ I lat h s’s’ alt rib toes , de let miii at 15111 ni course cou u tell I . s’. ltd Iter
t t a t i i  imug sh siuki be sR-u mis’ il l a m esidemu I sehu sutu l sir si ll I lit’ job. .11 td psissibls. inusti lu t isulial du angs’s for enchuat uc lug
Ills’ s’l’tIctemt~~ itt

’ tm pgratl mmtg thus ’ skill level sit’ air nuet u .
(‘sis upet .imus l Rtthl ( lt)74) addressed the ilit- ’ndhuange,mb ihit~ of ’ ca pital Slu t labor in t h e  prttdut ’tiomu t ih’

stelC i se flue .iut hstt s desmre t l .1 iii0lt’ s’ I l t~’ietit ahhsti.’alioiu 01 i ess iu rds ’s iii t h e  iiuilitarv sector , l’hev suggcstesh
Iluat t~’~ l)epartmetut of ’ l)e h’etuse ( 1)01)). hi~ tunt ~it itt imtg t he necessam~ effort imito itid lutliIls~ Ct t St s ill ear ly
Itlantuitig. ‘.‘..is pemun~’ -w iss’ and psuutud’fsutthisl i. The frainewsuik thi s’ atitluo rs tisesi was a stauusiard ect unsi nhic
tool . Ills’ prosIu~ tusun l’unctuuut i. Q t 1  K ,L,~ ss’hiers’ output ( Q) is a ft iius’t ion tuh ’ capita l (K) aiush labol (1 ), fliev
tliel u pointed ou t seve ral Stalut iard suhs,ervatuo uus ahstul thi s’ capita l-labor ratio , ( hue iut1p~uct of ’ ts’c lunologicai
umllunva tus ift . and t hut’ iuuiphications ot ’ changes nu paytuieti ls to ca lui lah at ud labor. ‘flue rest ilt w as a sitnpte
I s ’ c tulu i t nensts ’si a Phurutactu to I hue problem sit ’ rs’sour cs’ ahhsuca l It t lu it f IX)D.

hiut w s’s s ’ t . t h e  authis uis suverlnsuked a ps’ rt iuuetu t side isstie wltis’hi ci ut uh ’sitimuded t h e  atial~’t ica l process
uiivt’st nuent ill liii h i at t  s, Such ill’. est fl ue mit is act uahl a capital cx peluss ’ . hut it appeared ill thu ei t aIiZIl~ SI S silt

55 .1 pensou uhuel (Lmhuur) cost , Fhuis l’.i~Istr . Is’ft uiucniusishered _ leads tst a highuei is’al capit~’l’lahtur ratio titan thus ’
St a t s’ ii I I lie s’i’su (usisll St ’{ tiahlw War ran IS,

lii asld i t it ul i Itt I tie hi 11111511 C aj ~ It at asp s ’t’t . I lucre was ansil her p rsthleiiu i i i  this ’ a Italy SiS - A  Si IitpIei tuut’t lt oil
ot arriving at sit tuptiiuial resource ahtocat lotu Was tst ashiust the capi lal-labsur ratio (i- i’ .. adjust add ititutu al
spending on cac ti fact o i ) 1111111 1 tu s’ Ills rgtn ah pitt thud Wit ) ’  s i t  t h e  exjts ’ Ii sl it t u e  to r cash si as equal - Ru I lowing
thu IS ~ i s ’s’s ’d (Iii’ , W i t  It I Its ’ I t’ ‘JS i it IZ s’. age is Is ’s. i nves tI ne Ill in capital i na~ Its’ iiuade stud l~bsur q tu atu lilies iii a~ hi’
cut. 11111 ml thus ’ i at it t 51 f h ue fltSnziIu at proJtmct ivil sit’ capit at to the l u Sh gmnal prsuslti i’t iv it ~ sit ’ labor is equal lii
I lie ra luo , t t  their pri ces. ‘lii IS, in turn, itul pits’s th u at t his’ coil lii hut ion itt s t i l t  p h i  n I’ I he last slol Jar e \pt’hi sl i’d OI l

eac hi tactor esitta ls this ’ t t t la h slerivat 1St ’ ot ’ stutpt it wit h respect Itu cost , h u e  result uuf thuis approaclu . hs iweve r,
is the s.hliis ’ .is thi,it sit ’ (‘stt ipe r atis l RsulI - an i l uc reaSs ’ ill Ihus’ re lah ive s’osl s i t ’ sine t .is ’ t o l  shit utih s l leash lit .1
s t m hslj lut usu mu of Ills’ ielativeh cheaper t .ic t or  till thus ’ sillier at this ’ margin. A csuuuh ’t isiuig elehiueiul in! rstsl uced
I m u l 0 t h e  anaI~ SIs 5’. as tuutlat utt uu . wlut’rs’ t hus ’ pruce st I’ each tact sir i oss’ - lmusts’as h I Its’ ‘SSSti lil 1tI isti l slut uuld hase beelI
lust thu s’ (‘aettir chua mugiiug luuuist slstwl) was t’tihi st sill . w it  hi this ’ t ut her f~mcl itt expresses h a s s  h’t uu udt isi li u I  the

l i lt i lls ’ ’ a Irs ’ 1 Ii IS ‘.‘. stu Id ashes luat ci atijust I lie it te l alit e is les. jtut  ph ilig a shui I’! in rCsstt i ice ahlttcat ion. I St lien
t huat~ usuuug au arhitrars ac ru ss-I lie-boa tsl adjtis tiiueuut iii spetusiing on u’ac li f~t~-t or - This s’. itt ihit nit ! have
c huaiigs’d an~ cuiluchulsis i mus reaclus’d in thtejr htaper. lustwe’.’s’t

Flue atit luturs ins’ltiskil an enupir teal test st l’ t hli’ir appisiachu. at is l ths’nuonstrsted that h i s ’  du st s it ’ Ills’ labor
Iactstr luas r ISCU I SSli’r thu an I hue cost of ’ t his’ s’api t al t’actuul’ . at least itt I h is  cstutut rv t iver I hi’ past I ~ ears. The
l i i i  Itlical 15th was lit at resuturce ahhsucal ion shitttml t l Ii aSi’ shui f’t s’d to a rnoi e capital ~in I cnsive s-uric hut at iit l t.

hits, coui~’htisiouus of t h eir j ta~ter \vs ’ re : (a ’h t hat a tutt le capital’iuute lusivt’ alhs-tcati ssu u it t ’ ts’SsiUt,’s’s was
prohahI~ neu’s’sss r~ t h en ansi in h ue  (lit lilt ’ . alud (ii) thaI thus ’ huattir e sit ’ thue t t ud getarv pi- s ucess in gos -er uun ue iut
;mluu l Ill this ’ sers tee s did not pro mote I rash e-o I”t’s hs’ I’ .’.’eeIl capital anti labor,

\l.itt Itsh~ . l Ilt’., slus h h t lltolu (I t)~tt)’f shetluieth a structure l’sir dlass if ’yilug cost iiustiiu’ls . Faclu calegst i’ . wss
I rested b~ ds’st’ rib imug u hue chiar’,ucterjst it’s sut ’ its tuunshets ,a nis’t hind for slt’ri’.’ ilug suc h liiOsidhS . au t h all atial) 515 5’ f
~l Iluliddi frniuu cacti cs te g s ’ i  - T he au t hu st m s sls’scrihest this ’ eh etns’,uls t t f  cost tuus shsis auusl detitueih this ’ pt’stbls’uu ill’

11)
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I.
du st iits udel c lassmtic a lis t l u as a set sif s J l I eS t i ’ ’ us  to he adslm s ” .’,s’st his t h uet i  it’seau ch i -‘ e lassul ical t ut uu 55 sh s ’ lli V. .Vs

s’hus iss’m u ‘.s Iou-hi ‘.s as basest u 1t si li I um uu’I isin s li d 511 l is t t i l t ’ oh this ’ iustdehs l’his’ .il s o t  lu’ S 5’. i’~ e cahhs ’tl huSh ii’.’. a l t ’ -

S\ Shi’ Ill , I si lt ’s’ slI Oct 015’ . suud special lull I pose. l’hies V. Cli ’ ii u sctussesi iii thiS Isiltalls 511t h exatli pIt’ ,uut ,iI ‘i’” si ~‘ ~
‘

desu’u uhed . The cat ego t ies ~O I i  espstmudeth i stt ughtl~ Is-u ci ’ . 111.111 I ds’ .15 ol i.~ li I 1t iul ell t - 11111 , u’sOIisihli is ’ su’u hill ,~ uush
spt’cial psutpt-uss’ p1051 atii (Iuittds’hS ), flue listit’.’. ,m i C Illttds’l httesu’iuls ’sl IlSil hs’ett tls”.s’Isupesh his -\R I”l.’ Rs’ss’ai s’h i

( sl l h ) st m~t t istIi Ill h~)o7 amid applied to ~hui1t ltstatt l s’hi,’Ctis t t i lu’ u’s h luiph i iel u l h i s ’ s\ ‘,ts ’Ill tuu s ut he l (‘.‘.huit’li to l  Ills’
IX) I) iiuclt ids’sh snitial II aiuuing as ,iii it IX’iaIIIug . r’.i t h u ei I luatt all lIiS u’%t I i Ie I t  I , cttsu di’. lds’tI cs ’st S (mi t t ’  uht Is ’ s’

plu,lss’s, iu’scjidt •lud dexehsiltluielut ( R& U). muu ’ .eshlhheml(  . arid o l k ’ natlt i f ls l’hiu’ iitsids’l sçicu’it lt’si IhIal ‘.5 t Is ’ lll

s’ s ‘s ts shtt not hs’~tuiit s’ Is ’ all’. des i on lit thu e R& 1) Itlijse h as  ieau’ hiu’uh thus ’ es t l u l l  .is ’ I sl s ’ f i  lull hun  st .igu ’ “.1 I h a l
J itl il l 1 , il lit ) ft urthii’i Is’s:hi nsilogtt ’ah hui’ak ili tot ighui ‘SI 5’ It’ll O I l  esh . gs)(id ~‘ i’sI s ’ ” l 110.11 CS ale possilths’ - hi li t
u tu l’requs’n ml) 1t mepal ed . he~ast se s u l ’ a shi s it .uge s i l s

~ 
oat i tied itusls ust i tat u’ tu g inee is to P1 ep a t s ’ (~5 11111.11s ’ \

I Ii’ i’t I .111115 is 1,11 Ci’ li lt I il all I tue ledll n ical .i ii’. .111 ci’ s h a s  s’ heelu uuuadu’ , lii is is hs’u’auss’ b ~si til l Is’ gsis-ud ii iStuit is ’

s’s ’sh slat .i on 5t this ’ i R& I) i’ II s i l t s  u’ ts itt 1)111 i iug I lie utu s’ s’s t i l ts ’ Il l ~ f l .iSt ’ , 1 ,11 Si’ u’le itueti t -, sit ’ I hit’ hs i t at ~‘ s ‘s i of a

s ’. stenu hiccstiuis’ I l l s-u t s’ du’hiiiit s’ Slush htus’uhii’t able - aits l ‘ .s’ ih hi this ’ c ol t u lh u u’ Ius ’enuell t s uf thi s’ st ~~s’I .t t s i l t ’, pIt.tsu’. all
5’ sis I ‘S .115’ k lis t ’,’. Ii (s it at he Ssl uhs’h s ’ t  ill iluable )‘

flue iiisuuhs’h i t ts i Su ~it 55 me p r s ’ s&’ul i at t ’ .~ ’ s -ut ’ the 55 Sh eit i Iitsisls’h ‘.‘. .is the I .1s t it ’~~t s lt t ’l h itil I . I I I S t  .1 t I ,‘t ls t tuisid u’)
sit ’ the \s- t st i ta lu t is ’ at Ss s t cu t s I)iv 1515 1 11 h u e  auh l ust hs l’stutusl I lush thus ’ iutt tshs’l s’ s uit 1st liii s’th c i t ss s ’i lii t hi’ R,t nil
\~~‘. 15’k - I s)(t nis’thu sitl i t ?  ai iahs /i ii g s’st ’st s sit ’ R& I), iluvesh luielul . stush Opel 10115. s’\s’u’~ t imu thus ’ lIu5’l t us i stu oh’

It 51111115 cs is hs Ill I he o 1is’ I at isi lu d a Is ’S Ot t, ih hii’i I Ii an in the ill ‘.-estn i cit categs i I ‘. . ,iu u ii th us’ u’l LIIIIII SI loll sit

c ut l il iuuatuul Suppsui I s l~~C 1,1 1 ills s,’s~ t t s

‘flue .i Lihhus i rs uuueui tu.ih uesh thus ’ use 01’ h iiiue’1thl,isl,’ut ss sI etiu s’slS t t t tosls ’Is aitul this ’ stifle lCiis’s ’ tts ’ h W s ’s’lI iht euti
.hli s l ~IJht i ’ lilsitts’iS 1 .11 gels . t hj h ulif ’t ’s’ is’nct’ is ts ’f ls’ctes l tiu lX)1)i ~04I (ituup hu’liueuihed i ll  .-\l R I
ri’spl Ii h u g  t his’ ‘.‘. eig iu iii5 s it u’ siS t s aIl it hetue h I s  o I alt s’ rt tat is e In’. est t uus ’ t t  Is, l’he aol h u t  s i’ ‘ pta i iued thu.
i’ti nup.u 15011 u I  ather uiat IS’e% hi’. shi5dttlillt tug sit ’ all hs’miellI s .ttusl u’ststs t t i  .1 cs iiiuuusuul I lulls ’ 11511h Z .t It’ll pu’ I s’i’t l h

hi l lc re st l , I hs ’
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.11 the It iglus’sI less’ I s it iIi ’s’ lSls~ Ii  - 111 .1k 1115 . .1 t i l ls ’ s’ s t i l ls ’ (ill s’ I lusisl u ’I ItS u’s 5) stu’il I itit’itu’k l i i  (lii’ 55111 e ii .1’. I liSt

s’s st s’lti itlstdu’IS U5.,’ hi.i t sh’.’. ~ i s’ iutsi ihs’ls .us t lte tu .ist5 ’ Ill pt l h - I’ sit ci’ St It ld t  tire itusids’ls It eat ex is t in g uu iauu ht s is ’ .’er .
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5-oll upare (lie lutt’,kl s’ sl’,ls ot ’ st i l ls ’ is ’ ui h asset u’s iu ul lgtuislis tuu s , l s ~IcC Sh i udtslre tiuoslu’Is ~s~i~jt Is’i t itus ’ s’’spficit ls . as

tlui thus ’ tII luu ’- p ht .u’~u’ sI s ’s - .1 ciui t uuuishe hs , .ituih i 5 5fl St i lt’ I the Ills s i li hsts lu ’ Spdd It is ’ s’s S t i’ t l IS  (u’ g . ,  illiSS i cilt ‘ ,si lt ht s ilt ) tn this ’
It ’h .11 lii s’ ssc t ice . I Its’ t i ll ci’ s i t  t u s t  o hs ’ liii ’ uls’I .111 al / u’s ss she iuu a luti s t ’ .  ~il t i ’S si u’s ’st ill hut I ,tl this’ e \;t lul tile iuisttls’I
it ‘,i’d his t his’ ,I Ut hisii s ‘.‘. .ls thus ’ \ .15 Pio s~u s il l I .11’.lj non P1 sics’sj Li l t ’ \ ‘s’s Ph - I’) thu’’. ci su1us’uh Its I hut’ ( s’ his ’ I al
h Is’t’t i t s  ( i ’ll I~~r.ihbohi, I s i t i g  ~tlaiuiiiiig t .~~t s s l s , h i 5’5’ s I t  t l s’ t su t i ’s 51151 i’\tt5s’iitit is ‘.~iria tiles, u-aIled
‘‘Ihu ruiughi put s ,’’ I he tu isxh u’~ it’hds’d I t ic to m,u l s’ s~st t o  t lie \ ,i’. - ‘.s lIlt s t I l l s l it ht lt ll 5tlii 15515 1 115

flue Is it u t It i’,ll i’Ct’I sit linest his thus ’ .iut li tim’S ‘.s as special h ’l tIr 1i1t~ ’ ttit tsls ’ ls , l’hs’ss’ ‘.‘. cii ’ tii tts hu’h~ ‘.‘. luichu
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Theoretical Issues
(‘etutr a l In thu s ’ discussion oh’ t hus’ econumtics of education are two areas of ecotuotuuic t h eory. wehfam ’

ati d Iuunuan capita l. We lfare thueory is perti muent because it provides a framework for csnusideritug the cI’fccts
sit ’ economic exterm ta tities. i~dstcati tst’s and training produce their output largehy in a form external to due
“hlriuu” w hich is doing Ihue production . The llrm involved lucre . 1)01). is collective in nature , suffering front
t hus’ disadvantage of producing an output . the detuam id for wh ich is not subjcch to nornuual supply/demand
inlerachinuis. ‘flue theory of luslhuuan capital is thuc second area of economutic theory cotuuprisilug this review, Its
impturtance is fairly obvious, as edu cation/ I raining is ofle of two uulajor forhuts of ituveshluuent in humiuan
capital: luea hth u is tlue ohluer h’or luu.

We/j an ’, II has been assum ed by nuns! bodies of conventional economic thteory th at an individua l
allenupts to nutaxiuiuii-c Ills osvtu welfare. Withi n a capitalist l’ree ent erprise system, t here is nut wel fare which
does not eventually accrue to an iuudividual. Thus, tota l social welfare is essentially thue suuuu of all individual
welfare , Syshen us . organhtalions, govertu tuucnts, d c., do fbI have a welfare function of and by thueniselves ,
and they are valuable only insofar as hhey add to t h e  welfare oh’ individuals.

Public’ Enterprise . A pubhic enterprise is one which is collectively owned by t he popuhace. However ,
t he people h ave tuot directly purcluased il and canmiol sell il. Thus’ people’s shuare of (hue enterprise is
imt dehcruuinatc . and the benefits they reap fronu it tuuay or mutay not be measurable. In general , consututpt iotu
oh’ t he product of an dtuterprise is relatively elastic , with one individual’s consumption not affecting Ihue
product ’s avai lability ho anothuer . or its price. Thicre are nuany exceptionus to this rule, ofteuu due to hhe
effects oh’ congestion, as in t he use of public roads. Tills constraint dos’s riot operate iii Ills ’ en terprise tin der
discussion , the Department of Defense. Its produch is defense for h ue entire popuhation. and implicitly. for
t he individual. The consumption of defense by an individual does nuol a ffect coi;sumphion by ottuers , and is
unrelated to its cost. “Defense” Itas nit price, so t he normal equation uuf cost and price at this ’ luuargilt does
not regulate its production level, This heads to problems when the question of furthuer investmen t arises.
hnvesttnenh normally lakes place wluemu price is huigher Iluamu tuuarginal cost . ah least in a competitive s ilu ati ut nu.

and continues until either the cost rises to luleet flue demand price (by virtue of decreasing nuarginal relurmus)
or the increase d output forces the dentand price down to the tuuarginal cost. This adj ustmen t process is in
t he very nature of the marketplace and is the essence of the “invisib le hand,” What happens whuehu there is
no price to dehermine ntarginah return” In reality , t he problem has been solved by the pohihical prtx ess.
which is a substitute for the marketplace. The Department of Defense receives an allocation thueorelucsull y
based on the public’s desire as expressed Iltroughu ttue ir votes. In other words , we have a prinuuithve psulmuls
rahiofling scheme which should work , if grossly, to allocate public resources.

If the public enterprise wishes to ruuakc an optimal ituves tnuenut . by definition that imuves htutent lu tist be
such that it maximi-ies social welfare (the combined utility fsur h ue total populationu ). Obviotisly. t his does
fbI necessa rily occur auloniahicaJhy, as liters’ is no price mechanism at work. Because of hiuis . some
assumptions must be nuade aboul tlue capital rationing system. One assutuuplion which is pt~sible ails1
perhaps necessary is t haI the good of’ t he society h served by the good of thue De parttnent . wit hin a budget
constraint. The budget constraint operates both to allocate capital and to avoid inter’dcpartmental
cot uparis ons of utilihy, essentially by declaring themn solved. Thue problenn is reduced to deciding between
alternative nvcstmnen h possibilities within t he Departmetut. A.’uot hte r assuruuption is that of all the alternatives
available to the DOD. t he choices made are SI least locally optinuah in thus ’ mathematical sense. Thuis nuigl ut

result iii an app rox it u tal io n of a second-best ss huti omu , For iiuvestnuenh opporhsinihies, A. B. atud C; I
Investment: 1J = Utility:

)>~ fL)
A B (‘

A + (‘ = B =
w here U(B)>U( A+C). In this case A and C will hue chosetu h’ronu a list surdcrs’d by mutargitua l utility
althouglu B would be a superior choice.

In order ilir hhe DOD to uuiake a decision h.’Iws’enu nppstrltmnit ls ’s. pecsituiarv resuults ntust be
predictable and external efh’cchs flutist also he taken into act,”:;i - W huile I rcahnuents of externality usuialhs-
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assu mu’.’ aut s’ ~ 1c m mua hut s tltlhuOss’sI um listli a Pam s’t uu st It lilluS t s it uma t nuuu (h )sthhuea m . I u)(1 7), thus ’ pm u”.s’ui I sit Imal usimu muu ust
assuu t us ’ hess t hu an Pare to (lIlt ittt aitt y to sta rt , W t th imu a Is i gi’ s ent i ah i~eul brganva lion, it wou Itl he suH P’ i’.iii~’ ii
uut argimu al csimid itiomu s wem s’ ss’t’isuuists u’stnsusteis’st , mumc lu less Iuuet - h’hts’ uuuul~ s’euuuuitnuus’ ui its ’m 11111 s’iuius isht ’mt ’uh IS ‘1t he effect ivenut’ss uil’ t his’ CruItis’ u mt i t .  s ince I he budgu’I t’OllsI u ants , suii~l ~u’I tiall~ tls’I1 I)CS . It It al t’t)it , lii i’l C IS

hIlls’ atleuiuhut Itt is’shucs’ actua l anmuual s’\ hts’mt dit Ott’s bs’huuw thus ’ htishgei . tuecatise all’. s’t’t uilsulI u~ 5% Ills II ’.’. ilt lhul
dii Ssl wuuuld hit’ kirs’cd i t t  inus’sl lats’l) I m i t t )  lm l u’i eaui t tg it 111)1,’ lts’t lot ilialls’s’ s t I l t ’ 111111 I’hut’ Pu’ IS till hill t ’I II ~1 l i i

equate the ittamg~mua h pistil net IS th l t ’’. s it ulehiarl IlIs’ ll Is . slIt 5’t’ Ilis’ skIts ml muu euut s It as’ s’ suululs’w liat sIt Its ’ I CIII I uu iut ing

sit nat isuti s . A short fisOs’ at thu is point iuuay giv s’ this ’ hi 5501 oh’ the se t 1111 g .  hu t  lutu~t’iu suud Kowiu (I tilt I ) shunku’
sit’ t hus’ Departmuuetut oh Dett’uuse as tnt amuu tm uual ~ sit ’ ~lli Is -

t h u s ’ sk It’ii’~’ t’i,tlliilll’. IS it ut i l s ’ like  i lls’ t ’ iilll,’lll% u I  ,i u ’IIu’ t ’  SI Iis t s’IIt h’ s ’ l l I i ’ SlI~ip,lI lt ’uI I’’, Ills 1.11115 1 -

I han Im ks ’ Ills ’ s’ tauIiuilIl ~ s ’ I  ,~ llui t i~ ’ luuiIsI It 1111 ’ Itt .t lI ,ss l It ’ 115 s’\ It s ’Ils t lltl is ’ s u- t I  ls ’Ii ’tII l’. 5% u ll i l lu .1 l ISt ’sI ~‘l
o l ufl t’nu i ls ’ IbOSsll t Illl u , ’ S I lit ’ s ’tiIls ’~s’ tto ~ tll.It Is ’ s i’ l % i ’ .1 55/ I ,t IIu’’ .t Ills ’ s’ Iii 5 , 1 1 5 1  IIil i l IlIl,iI l It ItI r il l
uiils’rsIt IitI~ s’\lls’iuSt’S, lint l’s’ ’ .’ uu i is t lli.iI lIt ’ t lt it sl Ps ’Ist I , IuIs ’ Ills 1.11111/ I iii I Ii’ ‘. ,It lls ’ ut I .1 l’SI h i  t ll.l t P ulls ’s I Iii’
5’, Sl i tS Illl,IIIi ’I ,ll ‘,uipp,ui I l , ’ I  (liii ’ st .I% Ils ’ 111.15 Si Sl It .1 lIs t ’ , 55/I til l,i’.s l’iiui k’, , . I l Iu ’ t t Is ’ i 11,11 .1 iii ’’.’,
sl lltI it llullI Ill ’ I Iuiti 111115/ Il It ’ C i t  5 1’, ~Il ii 5.115’ lilt 1111 11,1’.’. III 1)5 11 lii’ ,i’.k s till - liii ’,’. lIt ’ lil,iius lii sllt ’ iit l II , .11111
,ilsui ‘ill t u t u’, Ils ’ Il lS slts ’uit t l i S  IIK’ IIs ’’, III Ills’ p5151 I lls ’ 111111111 l, lfl i , I l , I I , I s  i l  Isils ~‘ I Ill ’, s’ s ’,u I u,i iIlS IS 111,11 lit’
uto t ” iu,’l .111 CIII P1 ho .i 1101.1 ii ’ liltIl iuia ll’.- 15t h luitu .1 It ‘si-st Iitiit~el to 115115 h I  I t t s ’ s ’ .it lst ’ Ills ’ I I’Phs ’ ,hi 1.11 lIt ’l
s’oil ’,isk’ ~s Ii t mtis s ’Il to u s ’ I lIt ’ 111111 ~l i~

51
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1 I-ut 15111 ii i h i s Sl if l , lltllI pIs ’I tt’t’t’i 1111 1 ~tll, ht.Ii 11111 ,lIs ’ ltlSt ’ii.li Sill ) lit ’,1
tsi~is’IIls’l. ,IIiuI II ‘.5 515) 151 h u t  Its ’ 1511011.11 101 Il ls ’ Still lii I)Ut uiIi ’ t lui’,

In 111(151 s’ases, hIll s t’ t hs’ct hi as been itt 0 pen at toni 1 1 111S at I lit’ h igh est hs’Vu’h% s i t htll(hget 1)1g. Si I It’l l ’ I Its’ is’al
t’xpemudmtures are fam lenituvesh t ’rst uuu t hus ’ httitlgets’I s. Itt geulei at. thus ’ 1)01) shs’cmsu uuuu Iuuakehs hiss i’ I m me sh I t t
ltlaXillltte u’ ifs’~-i t ‘ .s’hless ~iuth Igm iol s’ hul a rgimuah co St ‘i u’t ii ill i’ulI ta l II - A Its ’ I all, t his’ dt’u’tsii iii I l1~lk i’i s’. hit act naIl
fttm es’s bItt iuuualit ~ itu a ptmrel’ . csuiuupet itive sit mi st mt tui is thus’ luisilvislual ctuuisuuiem ‘.s ti n ashitis ts liii sht’uuuau ts h
auuuoiug sat tit US goods. Stiu’hi at 0)1)1St It ’ at hhilsl huls ’hi I can luaiuh hy hi’ tuua ds’ in I lie i’Jss’ oh a hat ~ s’ hilt huh is’ en tim s Ii ki’
t h e  Depart iuueutl of I)s’t’etist’, !uusteasl. the csultsutuuel ‘s t u mt’t ’e letuc es huave tieemu tl ht s’is’ul thum ought u’h s ’ s’ t t ’d sit h’mci.m hs
who, in o ids’r It) rellij In I I I  t il I)s ’s’, hi as’ s’ hu t sa lists i t t  It s a l i t5m ~ ut ill ’ . ol this ’ i i  s’t 1115111 Iis’Il ts - It lusis t us’i’iu ~mu
rs’spomuse hut Ilus’ sls’muuauuds uu l (‘suuigress tutu - “I bI s’ s hs ’ ls’ itse ” t h a t  ths’ 1)epat tluie u i I sit l)etemust’ hiss tius’m’.’asesi
1up oduclttutu. It us uiuhikcly 11 131 t hut ’ t’xpeluuhml t ilt’S are laige t’nttuigh’. to act t ts ”s e a social uuptiuutuiutu liii this ’
Delta ml muueu u t as a w huolu’, as I hut’ sit uismI uuuuu is Stt ha l tm uihuu tree t’oiuupe t m l hill - I Iii’s’. s’s s’i - eCt u lt ol it is ’ s ’ \ Is’ u tusl lu l is ’s
sit - cull iii t h is  sit nat hun atish iuutts l his’ exalitniesh -

Bat su u (ti) 58) tIe h’imus ’sl ~
‘ ‘ Is ’ i iisl it is’s as t his’ I s’IaI istiisl t j j t 5 I bust s’s lit 11 t l h Sl its ’ this’ ~ l Ii’s’ ‘.‘. sI s’III ss hi~’lu s ’S lIst ’

a this ’s’ rgu’ hut ’ s’ tic I w cet t social SlIsh private u’siSt ‘hut’m us’ ti I t’~lu’ti la t tu l tu ,  SmIles’ S s’I S li lt Is’ oh thus ’ ~I Is’s’ ~‘. sI s’i i t  h i .t s
survmvt’d thu s ’ hureaticr al i ,at tout oh’ lX)l). tuuuc lt uul ’ w h a t  gste s iuutsu Ihte pls uti t us ’ I Is i mi s ti ’ ult ’ ts ’ iu se t ’Sml Its’ lut ’sm lt’st .is

sri e x(ehtuaI it y. flit’ tech ntiq tie tiss’sI lit &‘v aiu am tu’ s’ XI1S’luul ml tilt ’s Ill I lit’ t aut’ tul ’ sigmut tIt’~n I s ’S ht’ n n al t’ hhu ’s’i Is

ca lled s’utsl’heitu’tlt atuahysis. It slusutt ls i sumhllet’ as a shel ’im uu tlstl u ( lust s’s t st- t is ’ m iet II ,uual’s it ’s is thus ’ s’tuiui lxuulsuu ml iii
tota l costs to ssu s ’ is’I5 ’ wit h ret t li - tu s to sociels . mnc luding in thui’ir s’nIlreIs’ hittthu iuusuuu e ’tsm h’. llhu ’Susulsih ils ’ au th
lui uuhl larily nstn uuue as ut rable it s ’ iuu s , unit w eigh I itug i’uur I s’ t isluil it y stud ii uu iu is ’sh ISis ’S

Thus’ concept sit ’ ex tc rm ua lilv is I’elu’valut at IWsu ls’vs’is t u  thu’ etuiu sislem aI ion s i t  I )( )h) III’ . i’SIIltOi I ‘.I liii’
gross level, she I’emuse out hint is a Is rge ilugred ie mu I in SIllS I tsk eahctuha I ittuts his’ mI st  tuiuig to itush ts-t ih t i ;hh w s4 l’s t u’
t’uuu c t iouus . flu us, the s’I’flcieuus’~’ sit’ IX) 1) j iuvesl muiettl s is a Is u gu’ h~i II u t ’ hIts’ total 5’. u’l h a s ’ (‘ii utt ’t Is imu hits’
Depar t tt ieui t ‘5 invest Iuu s’t u I huas a gm eat s’ I’t ’es’t on I Its’ stisl ribtu I hilt sit ’ uual istliSi l uuu s ’uunu t ’ , st uu sh It’S%s’ I huisu t Is’ IS ill cli
as the dist rihut iuin sit ’ psu~ttm hit tut u au- stn t iui iius l it hlat h u t s ,  h ays’ SIlt elicit u uu u I his’ i es u I im is ’ol uls’ sIt i t i  sIt ’ . ts h U .ils fl it t h u
eh’t’ecls hays’ reiuuait uu ’d umtnui’asturesl lit a large exten t  - At a Iilis’I Ies’s’l. Iu i it s ’hl t uf t)Oh)’s lut S ’ t ’S IIuis ’Il I htas Its’s’ll ill
sus’lu a nat tire thm at t he Is’ al e fleets u t ’ I hit’ im t Vest t I  ls’ml I lilt Si Is is ’ ~% ~S Cli ’ nts’ih lls’l sIt’ Iciust’ nt ’l;t Is ’ 5h t I Ot  is’ I ~uhih’ .
II tu’sIst l I s’ul - h i t  r Ittsh sluice, e thor l  S Itt liluhuruts’s’ thus ’ Ps’ rI o t nusu hIt ’ s’ u t  sm ss’ ~s’ mt’s’nt 311 111 ,1’. Itas’ s’ iSisis’ et t s ’s’ Is  ‘.‘. It i~’I i
huave si slgnuitis’tm hut Ilti pac t s ifi Sos ’ts ’lS - ‘.s’ltik’ 1ti’ttvidittg tsiiigihthi’ (I lIISllIt’iSlh ) ts ’’.tlht s fuit lIlt’ lIl ’.’t ’Si lIIg ,It~t ’t hs ’t
(‘lii is area will be t’ui rt tier t’ xiti uuituesl iuu this ’ sect inut tilt It tiluian s-3 pit al - ‘I th us’ u’s Is’ u h al e t’fcct s s ’s ttu lsl s’iusihs l’u’slltI
in a sig,uitlcant alterat ion sih I hit’ puul l h’ut hit t if ’ sIt u 0 igau I i/ill lOb W hell Ills’ Is ’ 1 111115 Iii lilSl giuusi h liii’s’s I Ill i’ll IS Stilt 1
Pr0htsussutl tmtvcs tuiu s’tul SI e t’SI ~tut~ts’th wi thu siihuie Is’ast iuiahtle sleglt’t’ til St ’CIIISCS , (Maiguuusl lI u ’ .u’SIIu it ’l i I l lus ’ , l i I s

t hus’ ituvestflui’,ut wit hi the It wu’st r:m Is’ oh’ rs’l nun. It ts SISSI) Iuu s’il I hi,it ili’.i’st uuit ’i i Is suIt ’ i at uh~ III itt ’ hi ’ii It’s I,it i ’ ii I
telt irtu, ansi uus’ est uuus’ mu l c luohee t i a u.’stnsparuss’.uu tuf P~ tenttah si ust s’xtanI lt I it les ’ tS bass’ub 1)11 It’hul ‘I \~ i t i t sut i t
t’onsiderat ion it t ’ e xternal s’ h’t ’t’t’t s . I l l S  puiss lht ls ’ iii u sl ut III s -ci t Ii ls’l tt In u’s lit W it Ii a IumtIli tmu a h i s’t tU Ii 55 hum~-hi is 1~ss 

—-—~~—“- - - —k’-—-’ ,,, ~~ _‘~~~~~““ “~~~~~~ “,‘ . ,



I
.‘~
‘ ‘ ‘ - ‘

~~
—“ ‘

~~~~~..‘—,——.‘—‘
~~~

‘—‘—--“——‘ 

- ~-~~~~~~~
- - - ~ r - ,~~ ~~~~~ - - ~ t t ,.S

t hiamu thus ’ mi’Iurtu ol Ills’ wttrsl ex istIng case . but wit lu a total me t uruu gresuts’I t h an this ’ total re t urmu Itt thus’ wi l IS t

e’sms liuug imuvc sliuus ’m ut , hit such a cast,, mueglecl of t h e  ex tem tual s’lIs’t’l s lusu s a dellnuitely begat l’s’ s’ et ’t ’eet ott thus ’
uuyera ll quality of the imiv est muucu ut porl m liii, 

, -~

Shuutwing Ihte ex ter m is u l s’fh ’eeIs sit ’ an ilu v esl iuus ’OI ‘.5 It hu S Is’m I l l  stIchi as r (e) (ret tirtu to au CCuihlnmluic
exts ’n iuahuly ) has lemul a csunut ’orlhmug. if I ’alss’. semuse t u t htrt’ciSiuuiu Is) thus ’ disctmssiolu, It gives this ’ iiuupressinsu hhuat
t huere is siumuue ascs’rlaiuiahhe imu lerest tale whuiehu camu hue shm scuu vs ’mcd whem u examuuiuuing exle rm ual el’l’ecls. I~xcs’pt imi

- 
‘ unusual curc umuustat uces , thuu s hiss hs’s’mt quilt ’ stm ulrnmt ’, ‘h’hieme Is a whts le ratuge oh’ uti lity h iss sir gain associated

w ith tustst t”.tsmns of externa lity. Fsst example. not tti uh~ Is it tutupossihk tut It’ll whus ’thicr thus’ odor 1 m m  a
I elli le ls ’ t i  Iilstre hu ari uul ’uI Itt iuudmv i dnah A’s we lfar e thu am i to mmudiv iduah 13’s, bitt it is alssu utucerlain w huethuer this ’
sigh s suE thus ’ (Instil m l is’s are thus ’ samluc. Maybe thus ’ tidutt ms ati assel iii t h at it d ri’s-es shown this ’ s’oil suE nuis” s
slws’ lhihug stud is lint all th at umuplata ble . ‘flue sam uus’ cuuulsh he said itt a sheaf person hivittg st ’ s _ el a txtwhiuig stile s -

It IS uilhs’n nuisleadinug luu list’ nusuthuel luat heal lint at h unt without somuis’ d;sc la imiuer m egardilug t h e  i~uu plied seen au’’s
tif st a t e tuu em uts so miuade ,

l)as’is amush Wh uiu us luu m u ( l%2) u’aIeguu mi~u’d t’xIs ’ utualihis ’s -a.s s’it hier ecnhit um iu i t’ sir mtuti uecnmut)miuie imu h ia ltI me ,
h’ hhs ’ \ fs irt huer sh ivishs’d ecnttuutuuic (t it “ Iech im usu ho g ical ” ) s ’xI s ’ ru uah it is ’s iuulu u “separable’’ sutuu h “ttohuschiara tils’,”
Msust amialys is nt e slcl’nahhy h as  esutusidered ecomuoti iic s’s lemt uah itiu ’s. situce I hue mitsi rginal costs sit ’ t hus’ sil’h ’s ’ctt ’d
piuuducts art’ in’s-olvesh ss’ithu Iuiarginuah lett ilh us , auisl MR M(’ = pt t Cs ’ - hills luua ks’s this ’ am lsll iii SohluCWltsl l Iliu m’s ’
alt rsmt’thvc . uf otu ly iutsithuelu tsut uca hhy - hI a techilunlogicah ext e ituah uty Is separable , t huen it hiss liii real effect tutu
t his’ sml hocat inmu it t rs’sources unless sticht au eI’I’cu’h liCe II IS I hiIi lSI~lI t his’ torct’sh chuusing u I ’ llrnts. It’ t hi is is this ’
cast’. I hut’n I his’ t’iruui du s t ’s  because its Intug- Full mui zu rgilusu l u’utst ms above il s huth ug-I si lu iuial-gihuah ret urmu (price) due
to I hue s’xte nna hity I lust IS . Ills’ exls ’mnahit y is mlonsehiarahls’ ill thus ’ homug rut i ( Ws’hhist , I ‘l(u4 )‘ A flsiltnptilital
red Is l r ibm lion til icionrees s’ami he avuulstesh cit huu ’ r Its was of S ti n it lax o mu s it uifh’eluder I rsm n s h’s ’ rred In I hue
mu u t m resi Ii mi i i , 1 thu e cx tel II s l i ts  us a iii mu d ~Ofl uth the su t ’f euuthu ’r ’s ti nt liii I , tin a his I IS IS tI it is litil Si h’nuuct jolt u I ’
utu l put - lmu Ih uis ‘.sa’.. ktng~I er u u u rs’dist rihtu t iuuu usu l el’t’s’cts Call he t’orrecleu h, II is iuot clear . luowever . w hus’ llut’m
t Ill s t es-hu m u 151 ime wu t mthu h leash Iii Sill II 1it unisu l posit i uu mu , Fl lit . I Its’ lax enuhsh mint lie j u st it tiled free tut’ cost , smit h
ss ’t’ om,s h - thus’ ii’ is III I gm isi rati lee thu ah a Isms t’ouhih he gt’uus’ ra tu ’ s h w hichi sv suit huh y it’l uh si posit ion chnst’i hut sin
ti pI I lIlS I m i l thu su uu thus ’ mItt asciI lxiii 1j ul11. I )suvis and Y/hui uust till ( I %2 1 pu ’hi m i I till t I his I let- li m uu th uugicah cli slugs’s which
.if Is ’s I .1 111111 5 P1 l isllls ’ I mu iul Eu mmcl mol i wsiuhd ns’cessi ls ut e icc ale t mhsi h im  umt ’ Is 5s’S/st ihsiulhs’5. w lie rests u’’.’ s’I I an
ill 11it’ I Ies’I uiu a 1k s’ I I nakes I t s  51(11 nit nuemuts an Ituuiiat meal ly -

Well iii u.\ III ~ ssi’sI t’itll hlulemus ’s’ thu sit th us’ i f lj  i l l  ed P~iF Is ‘.s’ uuti lsh s’S II ~lu ’l sit 5151 Illage less I hi an I tie ps’hual Is’
st hilt ’ hu w stuld shi mit show uu thus ’ ii I he uudiuug 111)11 iii h’iu Is ’s ’ hI to i’s’huuca Is’ - I uuu s’ Sal It 1tle , his’ is is! . ‘‘Fall iucm s ash 5’s’ I scI~sill s ’t’t esh his stulu ik e are hells’ I tilt ’ It I lucy ieee lye a stc~ds’ it re;mtl i suE cu uiii pem uss mh lomi hi tHu I hue has ’ Iuu rS , , , , t h i  an
Ilis’~ ant’ m l thus ’ Ias ’ l t i tV is fomcs ’sh In uuutuvs ’ awas ‘‘ (Weht is~, h%4), B”.’ ilut pthcsu luouu . t hus’ lsli’Itis’I’s ht mu utl t us
ln s ’a lel- wit h Ihu e e\ ls ’ lIISI hl tS stud I tsiu us h ’s’t 1115111 il lS Wi t hit ut t l  il - (‘lesirls’ tI lts sluts ’’s m uu ut iuiipls a st uc isml ls tipluluisul

h uis ’~m t lu l l  u it Ii’ Mt Ill s’s’’. h ut slht smimi a social it ItI 111 51 111 ss’utt ml d rei~ iii is ’ t his’ ha III ls ’r ‘S 0111 pt i t Iii lie this ’ Ssl lilt ’ as
w it lion I cx  1cm 1151111 lu’s - this ’ sill ’s’ lushnug I’ll- I i i ’s coSts Wuu t l l uh husive hut ihIch uuls’ Ils e I’h’s’s’ 15 till u t  lit’ h i , %~‘Ius’ ii this ’
ex t CIII su l s ’ lIed S to ill his’rs u ii I weughi this ’ hi Fl i t ’ s 1i ru f i ts (a Itt sIgh 1i1s’sisU is’ lit I t s  ssih ime Iii site jet y 1. t Its’ lit lU
wuim hsl u- hose shuiw lu tU moVe thins , SI social uuhmt ihiiuhli rs’t luiies hl t a t this’ 151 Illt’l ’’s uiu tplll Its’ t h e  iSlI l It ’ ill btuhhi
cases, It thus ’ llrIlu cIs’sl tim ug t hus’ s ’xtei nal ity is totceil to shunt doss-lu hts’s’at ise it t s fores’s h lii jtsu y thus ’ l’aIIl ls’l’%
shatuuages via a IsIs , we w ottld muuut kiuutw II’ t his’ Sh ltlhs hu iwhl is sutcisills’ lilitl llial. IIuilu’ss ‘s’ ., s, know ss’Ilu’lhuet the ISIS
his u tis’h I ws u ulsl l’ni cc I his’ clsisitug a II u’t shsu Iuusiges a s ’ psu Id - Au’ I itsi l Is . a p1 till I lu lit ’ I lu l l 1 111 ighu I his’ deli miu’ul such
t h at -

ps~ ~
‘(
~l~ 

(I + sh l)

svtus ’ rs’ Ii = uumm t h t( i I

p

I = I Is l m us ht ’ I 
~~ 

IIli ’Ill ( Isis )
ill = Ibis’ . lsl l l u imuIst m 5mIh ’ s - s ’ du st uil j  t I J l I S t s ’I
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~ 

) = thus ’ va riahls’ s’ost sit ii im I ht ml I “q’’
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(itvs’iu Ihisit a llrnu is stunt dowuu because 1T(st)’~. 0 with sIt ,“O, IIIs’II IW5I slt m isiluui mu i llIa~ s’\iil - (SI ) II 11(51)’ 1)

w huemu dt 0, t huemi thus ’ Iirtuu shuntild hi’ shunt down. (hI It’ nr(ul N) w hueti dt -‘ 0, then Ills’ s’llee t uil ’ lIlt’ lax is Iii
drive a socially acceptable Itun stIlt s t ’ husumus’ss hut’u’smuse u I Ills’ s usllul im llstu s it ive u-slit (huisid) itt ’ t hmt ’ IsIs - l’hiis
iutmg htt be the c ase it’ t hus’ imtj st led firm sued, and tlue st t ’h’s ’mus leu haul Itt pas staitusiges plus couut du sts ou si 

‘ 
-

penahl v As Wehlis, said . ‘‘Es tel lialil Is’S illS well he Item I l l  itt esl h I  ~s’ limi t if ’ t his’ adllu 11115 1 151115’s’ as’ Ii uu mi sihissit hi
l i i  sum’ s’ resources t hiaiu sire Isist thu m nughl a dcv 1st 11111 II si iil a h’.a us ’ ho o1tt mlii U umu ’’ ~Ws’l Its, , I 5)(i4 1’

/!umws (‘a~’ita I, (‘smpilal is si stock s it s st l l u e thumu u g used ill this ’ hmhuushlit ’I 15)11 u I  gsisids. sets l i t ’’., ill Iilsu iu’

ca pt ial - Ihuvest llis ’t t I is the net ella muge ill Illat sht is’k over I iiuuc , A dutlla I Ilgu Ii’ SIlt achled Iii s’ mI fuel Ills ’s lii 111 .15

utot be cumhiu liarable, btih this ’ l it-alit is’s of the two ais ’  sil’.’. ~ms s shiI’ls ’ueuu t , (‘:mp uts mb . i i i  slohisti tu’I ills , shs ’ \s I mhs’s .u
it site oh’ heing. a lim it’ uI ’ subj ects sum wea l I hi ss- hu huh s’s 151 s a t  sm gIS s’ I 11151 simm I. I m mv ’s t llis ’mi t - omu t hIs ’ sit lus’t hisiuusl . is

t hus’ u s i l  s’ itt’ chiamuge of I husit pile I ’ su’ I h I n t s ’ As stmc l I , invest i lieu It mu IsIs tue 
~~ III ’ . C , I ls’g.i l ISs’ (i’ll! ~i igm I ig 01

u’ U I  tall imig lu au U Fact u ring tupu’l at m iii. lul cx siluup is’ ) tH  i s’ Ill , w hu m te u’s lhmu ha l ii isis Its’ P~~i tl’.s’ III / t ’ l t

(‘aIm it al It I Otht ls’u’S h u t  hu imug ht~ itse lf smith Ilt’s’ul s a ha hsil h I  hull I, ml ’ ii mu Is mti I 115’ lu l l  111 1’ I ~u’~’ u lis t 11111’ . , Is,
pruudt ice amuy t hiihig. ‘I’hisms. a slsuek tul capihal hultis si u l ml s imuIit ’~ uih lat itit s’sli lihuuis’s III I s u l l h l  .1 ht lui i t i is ’ t mu II I  h l l h l s ’ t ls i l l

iii a I’uurtuu suchu as

q = l’(x .s 1 Ax t s I it

wIls’Iu A 15 51 htth s ih lve et ihisla tul at ush 0 “~ tI “~ I. % ‘ .I t I I  S Slush hteiu hg Ias ’ls IIs i l l i lll shlls ’hitlll (Is ’ , sj fill,ml all si
I ahui r 1, II mis , thus ’ (‘it tib I )uuimgl sit Iuit islu~ i u iuu In mud 11111 , ms thus ’ Slih i pls’ I ill Ills’ I’.’. 0 si l l 111111 III hu ll Il ls of Ills’
prt iuhtict inmi ht lt ichl( ilu, this’ h Ills’! t u l l l i l , hIlt.’ cui l ist s ml u l t’lsiitiu’IlS s I t  st llustl t t i l lull i (( ‘I ~‘~) It i l l t ’ IIi III, IS g i ’ .s ’ ii his

tI = sit ~ 
~ 

(I iI)~ 
II I

w hus’ rs’ ( I  I / t I) (s m > I ) st iush V . il - su mid u am e s’Oltsl slits ( h s’rgtis siiu . I %~ I ills’ t i ti t 1i it t q . us a I iimu~’ I i u umu u it I hut’
two imu puts , capita l ahisl labor , suui s h si eh atuge ill uun s ’ iii ’ t hus’ i mu 11 111 ’ . mit’t’s’ssa I l l S  ~Il  I ph is’s ,m chtsimi gs’ mu P~ 

oil tm dt iuum i
(out put

‘this’ stock sit’ ca1um al ti~ui sssutsdF~ been uus’sssutts’sh it’. t ’ . ts i lW\ Wtt’.ts, as st ValUe phacesh tupuuui ht li us htu dtu ’ss ’
s’qu iltlliehu I’ Sini mIs rly, thu s ’ Isi huur in phI hi sit heu’m u nus’asum I Cu il l i l ls i l ls ’s Is’ uu uis , I hititt g hu ml uiism i bit’ Iti u s ’
I It h’s rm iism t iVt’ Ill hermits sit ’ I illue . I ttiuti a lii dsu Ililtrhsu’ this ’ Isibti I i mu pu I chili h-el . 5 1  mush Sills ’s’ this ’ st ius k sit ’ t’sl 1i it al ts
k tuttw t i , SI ny chuauige iii I hue ca ut i I sil ii tuct-, ( muivt’st Ilue hi t ) ill (lit tie s’ Sills ihi t’ut tt~ s’S lilt ~h 1111)111 I ~uih huu’ss itig I It is
reastutting sine step turt luci . any chusimugs’ itt ’ phiushIC t tills’ hum thus’ Isuhittu Ihuht ulu . simush uuuut i’~plstiits’tl tm’s sin iiucresiss’sh
mu mihui he r tu I’ husuui ns wum rked, I i i  t l sh his’ slmi s ’ t tu an i ni ~il os’s’Ilus’mi I I I I  I hue q itsi l its uth ’ I hut ’ ha hutil Itt IS ’ s’ I ~hst’ 551 h’I 1.11 ,
w huic h i e xhiihils mlul luiumvet uis ’ mi I In 

~l 
its i l hIs csilled Is’s’I~miuih t ig is ’smh t’husuuigc . hs t huutr t’sIli u’lu sillgs’ ulIu5I IiISI h Ivu’h’s as u- i’ll .1’.

s l t t s mm utm t at ls’s’Is , ()mus ’ I s t ku’ s ’ ~islvs Ilitsigu’ u_ il’ inu~iuo’s’IIug It’t’huluti htigy liv lIl ’ .’s’sl tilg (m u s’sl ht ila l 1~ s ihlli hs llh’s - 1115111 ’.
ecstluoliu isis Is’s’ I th u sit stile cs uiu t suhs e ashy stIll sigs’ itt 1lltl i’ll lis t t q 11511 it V 511 .i I Is ’, - ill Ills’ I a husi I lull s i ’ Its aiiutl h Ii’l l’s I
III ihuve it Iliehu I, ilt’.u’SI meit I in ‘‘It Shl tt sllt csipmt sd,

Ihslst r i ’  I ~
‘ Iluinwi (‘a/tile!, ‘l’hie s’tuhit’s’pI iii hItI hil s ih i usl 1uiI slI 511151 this ’ s’s’t i l iu i lh l ls ’ ‘s’ . l It l u’ h l i I l s’ It ’uiI Ill h l t l l I tS I l Is

goes hack several cem llm m h Is’S sit lesIsI hu m SII Wilhist tii Pet Iv , WI lul 5’’.’SII IISI Iu’uh Isi t i* t t s’I 5 .1% SI 15111 t il lusil lulIlsul ‘.S’ s’sh lhl
s’St 111151 Is’s ( K Ike r, I ~)tu(i). lie s’sI hill shed thus ’ u’dOllu l I lute e It ’s’s’ Is u I ’ ‘.5511 - I l l  i~r5l II sill 511151 thu’s Ill,

A mieeth lu l l  a ( lm ianit l lsit ivs ’ s’sh iiuis ilio mu itt ’ t hiu’ ‘sslI t Ii’ uit’ SI j us’uStt I l  Iii Ills 11511011 , it t his l ’s i l l l i l \  , 511151 Itt
hum Illicit ’ smmoss ’ mti t his’ t u sh 15111cc ill il 11511 V . As a it’stth I . si t Ills ’ u’ ffuui I ‘s ’ .’as CS 1is ’ li shs ’uI lii III .ls’C SI I u’sl I s’S Ist ih i sti ‘ .511 iii ’
till peuiple as m d  iv ishuals Ilivu.’st igst t isuli Wsts uifluts’l I ~iku’uu Itt sts’ Is’ I It i i t ts’ II t~’ 5’.’ iii I It s it ps’suh\ lt’ I hi u ought

- acdu u mmnhi mug tedhluu lslnes. Iii 185,1, Wi hlj s ilui hIll uteviss ’th wh is lI Kiker u’8ihhu’ uI Ills’ 11151 11111’. ss ’Iu’lllifis ’ phui u’e uht ils ’
liii cit imnat m~ug t his’ vsil tie uh f si hu t l,ns l u l It euumis is lest oh ’ csl hu’i Ils mt i n g tiE ph s’it’n I sal lit ’ s it IIt’t tIlt ‘.11’.’ s’Su 1111 IIt~S u ut suit
imidivis ht ia l, LJn lu ir tt mt uatu ’Is- . h a t l  stiggt’steuh Isuillg 111511 ’ . I u I t IS l IS  III Ihu s ’ 5511115 ’ II isIl i l i s ’l Ilit’ul $s i l  tsixl i lg cs ht I lSmI Iliis— 
I l ti  ~uhis’s uls’precisll lsib utve I I thitt’ , wits’ less It mitusulu cap t I sul ~ p1s t Its ills’ IC Su ss’s sue I I Itits ’ , I tusu k lilt’ h ‘~I It ‘S 1.15 ‘ss’I’s
lt, ’ g l ex sl ’ .s ’ .

h- ngu’h . lfl 188 ,1, Iouuk thus ’ It uusilisull IlusIt this ’ liI u ill t’lsi I\ S , l l t l s ’ til .111 itlull’. islIlSIl shuolllul his’ Ills 1ihul i tt ls ’tluil l
u’uuil - K t k u’i Iehlrs’Ss’ni I esl hi is lot nuiha fui I liii Ili sll i ‘.‘sih Its’ ,IS
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where C~, total cost of producing an iiudlvldusd (excluding interest , deprecial jolt , aht d lu iaui uts’uualice )
through a~~ x ; c0 preutatal esusts ; stud k = annual iIus’rs’ase itu cuist (as a percemul oh’ thus ’ tirevitulls s eat ), While
it uuuay 1101 he approprIate to asssmm ute that Ibue cost sit’ producing sill itciut is itlCsiihits’ sit Ills’ iteill ’ s saluis’ , thus ’
t’suriuuula may be a guide to ascertaimuiiug cu_t ilt ahoiug Itue way. (‘uuhti (1Q70) su~~s’sts ’d chuallguug Ills’

dependence front c0 to e~ (front t he prenatal year In the first year after hmirlhl) aiust using (‘~ ~
‘ i Is’ I ut,

C5 c m xk (I ‘~ x ~tu). h~ Ihetu sited data to lest butt expressisutus against Iuuget’ s tormitulsi (‘ohun ’s I s’ s t i i Is
imuu lmtied that the use of ’ s’1 itt lilacs’ itt’ c0 was pret ’erahls’, but thi s ’ gesumiuctr ic tirogressisumu was Intl ‘.taIisIis’ssl I~
supc miutr to arithiuuetic prstgression.

Kiker ts’pturts that in the thu-ties, l)uhlin alud Lu”tka wistuesl lii asce rtau mi the s’s’tumuu umiuit ’ ‘sa luit’ il l .1 1115W
hut his faltutly . They derived an equat ion:

V = ~ v’ ht (y’.l~5 c )
x t)

w here V is thus’ value sit’ suit imudiyisluah s’ is thus ’ press’Iut value uif $1 after x years , P is thus ’ hursibsihihity tif livimug
lit age “5, s- is \ t ’SithS “armuilugs, F is emtu p Istyiuus’iul amtu s tm ug ps’stphe sit’ age 5 , 511th c Ii Ills’ cuutl itt ’ hi’s’Ihlg
(ItuauuthetuallceI I’nr a year sit age x. h’huey hiuoshitled thue ir t’itrtutnla In I’miu d thus ’ value sIt a particular age , 

~~,

V., (1t51/ P,1) v~ -~ I\ (y. t’~

auud used C,, V ,1 V 5u/ P1y , lii cit imuiats’ t hus’ cost sit’ pIulstsmc imu g am’ . iiuthividsial tIp to age a (Kiker , I5)(tti).

Res ent j h ’uguu ’nts, Schultz, (1960, I ~)6 I) sut itiieuh thus ’ cutlude(ut of huiutaiu capital 1st analy ic
mvesttuuent itt educatio~u. T he estncept of huttuan capital and lnvs’stmuts’hut appears lit ttavc heeuu generally
ineorpstraled Into thus’ structurç of ec’.utuo~nics, Attributing lutuchu sit’ Ihus’ growihu of ’ U.S. siutpsih hum sutuu ethuung
besides changes itt thue capitahth ahuir lutist , Art - suw ( h’)ti 2~ sUrlttiSed th usu t ssi iuiethuitt g bcsistu’i tints’ shuum uhsh hi’
used as si lt ex p laiu a ts iry variable, Its’ stated that trend proleclisins “arc Iuuit policy variables” (p. 15 5) antI
suggested that tIters’ was sttlmte ru’Iafionship betwee n i’roductiomu atud klustwkslge. Quitting L undberg’s shitds
of the Lkirludah iron wuurks, where pru ducti’s itv grew at 2 percent per alt itu lut desplle u’uu ltststnl s’apital uu ’su’t ,t

period of IS years , Arrow advamtced the luypsuthus’sis that “tec humui t ’uul chtamugs’ ut guuera h can he sscrihs’th 1st
experience. The very activity of ’ prnduct isumi gives rise Itt pIstbIs’Iiis f’sir which favtur~hIe responses arc selected
suver t ime” (p. I 5(m). lIe created si t uu uu t het tu at ical model itt whietu learnittg took place as a hy’pruisluct sit’
uurdtnary prsisluctism, amud was emuubsmdied in the capital guiods used ut prsi shuetintu. Thus’ nuutdel igmusuru’ sh
education and research, a psulnt tuus’tttlslncd ill his csirucis.dlng reuuiarks.

Miscellaneous Theoretical Poiutts
Joint P~vdutikm. If a tlnuu produces tWsu or iutore Outputs , usually j ut vat ’v i~tg pr sup orti iuu us , wills sills ’

production process, h hen thue prsiducts are called )oitut products. An exauu’.ple u_if such a pros’s’~s is the
production of beef and heather. The slaughuts’rttug of a steer pu-suduces a certain auiuutuutt sif mits’at amusl a eertauui
amsuunt of leather, ‘the ratio suf thuese two proslncts va ries -accsur diiug tim Ilse routtdness sit’ t hus’ amti liuah , stud
might be changed ssiluus’what to (it prevailing prices by I’eedimsg sir starv itug thus’ aluimutah - There is mutt Wa Itt
produce a given quatutity smf ’ otue product withusiut a eertauiu amut osimut of thus ’ othuer . llu tc r liit sit ’ h Its’ prsithuctist tu
function in wluichu we are ct mrret utt y interestesl producing a luulh ilary siperalluimi whuile at the tarot’ lime
prutshus’iutg tritiltesh nutlividuahs ti tl u is ’ psilential smperational work is tsuregsitts’ iii hIts’ proes’ss u_u t ’ prs ’uv iutitu g
Instruction or experiemuce . Repetit iutmu of a task which is only uues’ded stncs’, i l l  u_ ir~ht’r 1st provIde Irailuiuug tot
an individual, is such a trade smt’t’. Thus’ practice could be saeri tlcs’d; ttsuweve r , this’ tin t task is siperatisutuah atud
therefsmre csmuld niut he eliminated, lit thuis imtstancs’, Iraituimug slu sh thue acesuluuplishuims ’lul 5tf’ ~ [istrttut it u_ ut’ Iht’
missisiti are jsuinl prumduchs at this’ “bare hones” level oh’ the prosluclitumt f’umuct inuu; tus’ ittuer would he Iladesh lot
luus’ure sit’ the tither under uutsusl cirs’ulustanes’s. flurhiug titt ues u_ it’ ‘svam , t his suurt itt’ traimuug has succasionally bt’s’mu
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the only type available. For exanuple, when experienced fighter pilots were lost or rotated out of comiuhat,
inexperienced ones would replace thetuu in a “sink or swituu ” situation. This particular substitution is
expensive, although it reduces the cost of on’tlue.job training aiud increases the amount of tuuission uuutput , it
heads to a rather rapid depreciation of tuunuan capital, (Wiutie this situation is occasionally requirs’d by
circumstances, it is avoided where possible.)

Hetuderson and Qtiandt ’s analysis (1958) oh’ joint products seenus to be the muost succinct. Given an
input, X, and joint outputs Q1 and 02. there is an implicit product ion function: H(qi, q2~ x) = 0, where
q,, 

~~ and x are quantities of Qu, Q2 and X. Solving for h ue input gives x hu(qi , q2 ), where the Cost of
production of the outputs is given in tenius of X.

If X is fixed, then duct” IS a “product transfon natismn curve” x0 = hkq1, q2) which ~ vcs alternate
ceunubinations of Q1 and Q2 whic h can be produced from x0. There is a rate at which foregone Q~ can be
transformed into additoiual 02; II is thus ’ negative of thus ’ slope of thus ’ trarusformation curve, or —d q1 /dq2 .
Taking the total differeiutiah of the explicit production fumuctiotu , X h(q m , q2 ), gives dx = hu 1 +112 dq2 - Since
X is unchanged along any one transformat ion curv e (input is fixed at Summits ’ value of x), dx = 0.

hu idqm +had q2 =0
hidq 1 = --h2dq2
hu 1/h2 -dq2/ dqi

Thus, t!ue rate of product transfortuation is equal to the ratio of the tuuarginuml cost of qm to t he
nuarginal cost of q2 (both in tenuus x) at thuat point.

Optimization behavior ittuplies that one minituuiies the input to achieve a desired revenue frottu this ’
two smut puts. In nuost operational settings this ituipties t h at :

1. The “revenu e” desired is the sunu of the two outputs; 
‘

2. the ratio of the two outputs yields due rate of product transformutation , w h ich is itself a negative
inverse of the price ratio ;

3. the optimization occurs when the transfomuation curve (and the input x) is tangent to the
isorevenue (fixed revetuue) litue;

4. this gives mininuunu X with the desired ra t io of the two outputs.
In an operational sense , str ictly nuathematical analysis rests on susstlnupt iotus about hhue total ilupul (x)

available, ut  j~’.itn~ in either or both of the outputs, or , w lueru there is no certaimi way In determine demands
for the products . margina l revenue fi gures whichu insist conic front it usu luagement . ilu is is often thus ’ case with

= bureauteratic and goveriunuental functions which do not deal wit lu physical products. This means that
ntanageiu’.ent lutust make sonic assutiuptiomus, and nuanageluuent is ahiuuost certaitu to make muuore useful
assumptions when it understands thueir imluportance, Intuition alone is insuft’icient in a conuplex society.

lime, Titu’.e is a nonrenewa ble resource which is often misunders t ood. misused, or wasted , It with be
considered at it relates to interest ra t es and to its use in queuing.

An interest rat e is aim important variable in any econotuuic calculation, It is a derivative—thus ’ rate umf
change of principle with respect to time. Since situ interest rate is a derivative , it really is Itoh a controllable
entity, and is nustre of a parameter which’. is given by a situation. Thst at’. interest rate exists implies that an
item available at different times is a different iteuuu , and that its value is diff’cr eiut also, This leads to thus’ ides
of present value. The only way to compare itcuuus of kiueiwn cost at different titus’s is It) adjust h is ’ costs los
comparabhe time period,

Adjusting to the present period is a ctunurnon techunique and is often ref ’ert-ed to as discstuntiiug.
because the items arc usually in the future , and their values titlist be discoututed due to tlueir uuuavaihahility,
The present value of a future anuount . A, is:

P = A / ( I  + r/q)hl~ i)I P A x (I + r/q) ~~
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Wit h contit iunu_is discounting (i.e.. q 00) thus’ foriiuula hecs mutues:

P = Ae rt whuere I = tlue ituiuube r of years .

The opportutuity costs associated with thus’ use oh ’ time for a given activity ds ’te nmt u ine its value hum atu
imudividual , One of the largest ilcuuus imuvolved itt hits’ cost mf schooling sir traitiing is the titus’ of flue sltmdenhs
and w hat their lime is worthu ill alternative uses. For an tmrgani/.suhiiun whuiclu pays studetuts to go hum scluixul at
t he ssiiuue rate at whicht thuey are paid to wsirk , the supportumuity cost is the value u_ ut’ t he oullmumt of th is’
uuusc hoohed person I’or the length’. of timut e he is in schuool. Wolf ’ (l~

)73) suggested thu_at linus’ spetut hearnitug
tu’.ay not be tota lly uiuproductive in situ ecotuomic sense . On’thue.joh experience could turn a 404uo:’r week
ituto 30 hours worth of physical product and the equivaienf t)f 25 huuiurs of instrsictiotu , essetut ially a 55-Itour
week for the price of a 40-tunur week. This he called “double duty time” t hrough joimut production. Ws ulf
reuiuar ked that it is eftlcient fs)r several reasotus , inhcuding t h e  eluhtancemelut of earnings of studciuts in
apprenticeship prograiu’.s rathter thuan schools, stud t hus’ iuuarket~affs’ct iuug fact thuat scales of retmuunersttion to
apprent ices nuay be good guides to their hater tjourncytiian) renuuneratiutn~ huence thus ’ price signals work
m ore ituttuuediately than si~ ’.als several years removed. itt addition, thus’ economic value of tlue 30 luours of
ItnoduCtive work done iuuuplies that ill every four years , t ltree years of production is done, and one year is
host to trainitug. Uowever, at h ue 25’husuur rate tuientis umued previously, it ta kes uttuty 1.6 years to yield a year
of’ training, and four years give 2.5 years of full-time tra ining. If hIts’ apprentice who beconues a jsiurtieymafl
sum s the job does as good a job as thus ’ person who attends a vocational schu_x~l, t heit a breakeven poimut

betwee tu apprenticeship and techunicah scluool would he given by 1,, (1 — R) — = 0, where T,~ is thus ’
tuumher of tin ts ’ units as an apprentice . R is the valsie of at’ . apprentice relative to that of a jtmurneynusuu. and
i~ is t he  nunuber of titus’ units required to train a journeyman sit a vocational trainirug schouil. If this ’
quantity on tite kf ’t side of thus ’ equation is negative-, hluen an apprenticeship prograuu ’. is ecotuonuicahly
superior; if it is positive . t hen a fuhl-tituue vocational training program is superior . Of course . thuis sinuphistic
formulatiuuuu is tuuarginah, iguuoritug fixed costs ituvuilved in a scluool. aitd entire ly ignsiriiug imustruc lor costs ,

Queuing results when an item is priced below its competitive equilibriuttu. Since detusm d at that price
would tutors’ than just clear the market , a line fortuus and tit lue spent waiting bectuitues a substitute tor a Price
increase. Queuing raises the real price of goods while leaving thus ’ tuomuuinal price uncluatuged. Litues at gas
statiu_ins curing a price freci-c are a recent examuiple of suclu a situatiomu. In a nuilitary ts’chum uica l schususil . if’ a
number of’ stu dents are idle witile awaiting due start of muew classes . t lueiu qus’u_ iing is itucreasitug this ’ real price
(cost ) of training. Qtmeuirug must therefore be Cs)nsiders’d in anal y ses o f t  lilt type of situahiouu.

IV. ANN(fl’ATFI) BIBLISX RAI’IIY
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training cou rse. Rand-WN 7044-PR. October. 1970. A working paper for researchu itt progress. th is
report discussed the crest m u  stud contemut sit’ a cottuputler ntumdcl for use iti alualy i.i ltg thus ’ costs itueurrs’sl
in Air i’orce technical trainitig cou_trses. It included a general description of ’ tec hunicsm l Iraituitug, t hus’
provision of training in a field of endeavor , amid thus’ Air Force breakdown between resident training
and t’ield training, of whichu the ratio was about two to suite. ‘flue model did Itoh attem uupt to address thus ’
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Altman, S.H.. & Fechter, A.E. The supply of tutilitary personmuel in the absemus’e of a draft. Ameticamu
Economic Review, May 1967, 57. Altnia tu stttnmuariied this ’ unelhietd used hI) estimate flue costs u_it

changing from a draft policy to a volunteer force. The costs considered were purely budgetary.
without consideration of the total social costs itucurred in suds a chuatuge . lie provided a fran us’wstrk
for considering the costs suf persu_unnel actions by hits’ fleparttuuent of l)efetusc. s’xcludiiug extertusul
effects upon society.

18

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —



‘ .5

Apple, MW . The adequacy of systen~ management procedures in education . Journal of Education
Research, Septenuber 1972 , 66(1). The utility of systeutus uuuatuagemtteiut procedures itu educatiotu was
d iscussed largely on phutIosophical grounds. The article was a reply to Popluanu arid others wtuo stress
nueasurable course objectives.

Arrow , K..). The economic implications of learning by doing. Review of F.cononuic Studies. June’ 1962. See
te xt.

Arzigian, S. On-the-job training costs: Amu aiualysis. Research Memorandum WRM 67.52 , AD656 581.
Washington, D.C.: Personnel Research Laboratory, Naval Personnel Prngsimtuu Support Activity, June
1967. See text.

Batchelder, C A., Rosen, H.E., Jr., Camutpbehl, HG., DehRossi, iA.. & Large . J.P. An introduction (5)

equipment cost estinuating. Rand RM-6 103-SA . December 1969 . Tluis uuuetuust randutuu Preselifed a
comuuplete description of equipmtien cost estiruiatioru by statistical tmus’hhuods, including sect ions dealing
w ithu data collection and adjustnuent. statist ical tiuethods in develsmping csmst estimahimug relatiouushtips
(CERs). the use of C1 Rs, and the heanuing curve phenoittetus-nu stud its applications.

Becker, G.S. Hunuan capital, a theoretical and empirical auualysLs, with special reference to education.
National Bureau of Economic Research, New York, 1964. Sec text.

Becker, G.S. h,uvestment in human capital: A theoretical analysis. Jourutal of Po~iticah Econom ics, Vol 70,
Part 2 (Suppl.), reprinted in UNESCO, Readings in the Ecomtonuics of Education. This material
appeared later in h uman (‘apital (see above). Thus’ derivatisuu sit’ t hus’ esluatiouus for considering
investuiient in specific and general on’lhue.job trailuing is covered,

Behtramo, M.N. Considering the cost of DoD personnel : A look u_ut sonic issues requiring further analysis.
Rand P-5l66 . January 1974. The author exauuuined thus’ relative costs of civihiamu sumtd nuihitary perstunmuel
to the Departmuus’tut of Def’ense with eiutphuasis on thus ’ possible bud getary effects ot’ suhst itutimug
civilians for military personnel. lie suggested that the’ ins’re’menfa h cost of a person in s’as’ht specialty 

=be deternuined so that the transfontuatiotu front iuuihitary hum civilisuuu can be made “at t he  uuuargin,”
Benson, C. Teaching methods and their costs. Iiuternational Social Sciences Journal, 1962, 14 , 676 684.

Benson discussed public educatisun ut thus ’ tiiuited States and husmw to appru_msi chi its costs attalytically. No
conclusions were reached , as it was a survey article.

Bishop, R.L Game-theoretic analyses of bargaimuing. Quarterl~ isiumnumul of Ecsuuionuics , Noventher 1963,
77(4). A relatively nsuntechuuicah exposit iumit stud criti q u e su E thus ’ haigautuimig thteories apphicahhs’ 1st
sevs’ral eceinontic prsmbls’uuus, thuis article cu _ tmttras te d variu_uu~ hsmrgsiituumug tlueuunies . assunuimtg flxesl threat
stud variable threat contexts.

Blaug. M, A pproae’hes to educational planning. Econo,u’.ic Joumrmual. J immie 1967 . 77(306). A ‘siuupanissitu sit ’
three education planning approaches. su~~esting thusit the thures’ are comuu phemuuemutary rallier than
colitpe t ~tive. Tlue three approaches were plann ing for “social’’ denuansls. nst te of ret urmt to ittvest iuuemut
in human capital, and manpower forecasts.

Blaug, M. The rate of return on investnuent in edue’ntiott iii Great Britain. Matuchester School, l96~ .33(3).
Blaug contrasted the private rate of retunu 1st invest muuettt itt educsi hiomu amtsl thus’ suucisil rate tluereot’.

Borcherding, I.E. A neglected social cost of a voluimutary nuilftary . American Economic Review , March 1971,
61(1). flus’ Department of Dct ’etuse , as a uumumnsmp sonist ic buyer sit ’ volu_ miute s’ rs’ services. m a y  crs ’ate’ as
m u c h ut’s market disruption as it wu_iu_ild in thus ’ case of a sltaf l .

Borus, M.E. Cost bemuefit analysis of effectiveness of retraining the uncmuuployed. Yale Ecomusmmnic Essays, Fall
1964, 4(2). The et ’Is’ctivctuess of a t uu atu po we r ret raumuitug pru_mgraiuu imu (‘uummecticsit was s’xa mutim us’d t’ruiutt
the pumitut of view of return to investnient. The conchu_ ision drawn was that t h e  puogrsunu psiiu_l lu_ it itself
ill ternus of pi.mst’prograni s’ntploytitent experiemuces sit’ grsudusutes w luemu csimuupars’d wi hhu iuotu-gtaduiates .
plus the additist;ual hemiefit to sumc iety Itoh i,ucludesl imu t h e  calcuhuutisumus sut ’ his’muef’its Isi iuidiviehuals -
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Bowics, S. The efficient alocatkrn of resoun’es In education. Quarterly Journal of Economics May 1967,
81(2). Bowls’s described a model of’ amu econonuy addressed tsi four questions: amount of investiuteiut;
distribution of the Investiutent; tedunolusgues to be used; and quantity/quality of imported labor . ‘flue
tuiodel was designed for use itt tiuc rcahmuu tuf develtupmuuent/growth ecoitottules at the iuu&roccotuomuuic
level. There was stmmute discussiumiu of rite applis’st tiomm smf the miuodch to Northern Nigeria. Unlike Blaug’s
approach (1967), Bowls’s’ nuodeh treated all education at a given level as Interchangeable betweetu
tIelds.

Brewer, GD, An analyst’s view of the uses and abuses of uuiodeling for decisiomumaking. Rand P.5395.
January 1975. An analysis of’ users vs buihders of models. Brewer cited thus’ lack of
cotuunuunucat ismn/enupathy each for the other amid thue lack of docutttentatisimu and flexibility, which

— results in disuse or tuiisuse of expensive MSCs (muuodels. simnulattomus, gauues).

Bridge, R.G. Nonmesponse bias in mail surveys: The case of the Departm ent of Defense post•servlce survey.
Rand R-IS0l-ARPA. July 1974. Bridge exunnined the bias which existed in the data accumulated
fr&~ u the DoD posh-service survey, which had been conducted since 1968. lIe looked at the subgroups
who failed to respond, amualy zed their characteristics , and proposed ssmmtt s ’ remedies , primary amusing
which was weighting. There is a good diss’usslon of the reasons for non-response stud the paper
suggested that potential survey users should approach uuuail surveys with caution.

Brown, 1. MethodologIcal approaches to cod-benefit analysis In autonuated managenursut inforomatlotu
system. AD-772 396. Army War College, Carlisle Barracks, 8 February 1971. Brown’s premise was
that the great expense incurred by the Department of Defense itt creating autottuated tuiatuagetuuemit
infornuation systemuts can and should be avoided by hetts’r plannimug and forecasting at the very early
stages of systenu design and procuretuuent . Csmst-benetIt atualysis could be used to collect and present
qualitative as well as quantitative factors for purposes of aiding decision muakiiug amid facilitating the
rejection or alteration of projects at a very early, and therefore relatively inexpensive, stage of’ the
development process.

Carpenter , M B .  Analysis of educational programs. Rand P4576. March 1971. The use sit’
ptanmiing-progratuumiuing-budgeting systems to analyze educatiomu programs is described. PPBS is a
current technique for avoiding the difficulties ot’ cost -benefit analysis. The prsmblemuu of assessing the
effectiveness of education syste muus stud prograitus is a thuomy one for whielt solutiotus are needed, hut
not fortheomitug. There dsues not seemm u to be any prospect for using PPIIS Is) improve the siluialion
because the basic problem - - assessing effectiveness—is not solved. Ihowever , PPRS mussy be a useful
format ting device for placing th ings in perspective for analysis.

Carpenter, MB. Maintaining efficient train’mg progratuts for Air Force specialities. Rand R-427.PR.
September 1970. See text.

Carpenter, M.B. Program budgeting as a way to focus on objectives in education. Rand P4162. September
1969. A precursor of PPBS, progu’auuu budgeting provided a logical framework within which studies
could be done. Carpenter discussed the tue ot’ prograiut budgetimug as a tool for thus’ analysis of
educational programs. When resource allocation was done, lhus’re was a need for couuuparimlg
alternatives, and PPBS and program budgeting merely provided a way of focusing sun cu_usts in a
different manner. This paper suggested that when eachu objective is neil being mut et , then imtvestnuents
have to be numude across the board, rather than concentrated on fewer titan all objectives. This assumed
that the stulutlon to the problem was the same when thus ’ Investment was incremental as It would be it’
t he invesinuent were made frst,uu scra tch.

Carpen er. M B., & Haggart , S.A. Analysis of educational programs within a program budgeting system.
Rand P4195. September 1969. In this exposition of the programut hudgetimug tech niqu e, S flu t ist
Import ant element of the use of cost -effectIveness in decision nuaking was brought out : cost mussy not
be minimized at the same time that effect iveness Is ntaxlmited. Thus’ paper explaIned the steps mit
analysis from the definition of program objectives to the measurement of effectivetuess stud then
provided a case study using fixed ctust (variable effect iveness). The case study was a iuuost effective

20

L - -  ~~~~~~~~~~~~~~~~~ - 
~~~~~~~ ,, —~~~~



- --~~ 

~
_
~

__ ___ __
~

__
~
_“_ i - - —---- -

~~ 

- .------ - —— —

~
-— -

~~~~~~~~~~~~~~~~~~

- -—-

~

------- .

tool for exposition and provided a better descriptiotu of thc analytical technique tItan a straight
description without example.

Constant, DL. From MIS to MBC: An investigation into why one corporation eliminated ~s
compute r-based management Information systems . AD.770 574. AFIT M.S. Thesis, October 1973.
The experiences of the Aerojet General Corpsiratiomu whiclu led to thue ahamudeitumnen t of its automutated
muamuagenuent informutation systenu.

Cooper , RV.L. Defense manpower issues: Testimony before the Defense Manpower Commission. Rand
P.5364. January 1975. Cooper coninuented on the status of the All Volunteer Force and reported
that the Air Force is doing very well.

Correa. H. The economics of hunuan resources. Amsterdam: North-Holland, 1967. This work was one of thue
very early attempts to define a theoretical background with whichu to consider the effects of factors,
such as health and muligration, which affect hunuan beimu~ as mneiuubers of an economy. 1’lte entphtasis
was on these factors operating in a developing count ry , and the book is part of thus’ literature of’
economic devetopnuent.

Cox , J.A. Application of a method of evaluating training. Journal of Applied Psychology, 1964 ,48(2). The
results of applying a formnula for the evaluation of (raining to specific data gathered from the Anuus
are reported. The fornuula for this comparison was g n~ (P~ -- Pc)R -- tu4,C~ Cc) where g = dollar
gain of one training program over another; n nunuber m f  persolls studied : P,5 = proportion of
students in group x reaching criterion; R = the value of a trained muuan ; amid C~ = the cost of training
program x.

Enns, J.H. The effect of the variabk reenlistment bonus Ott recuulistnuent rates : Empirical results for FY
1971. Rand R-1502-ARPA . June 1975. Enns discussed a new model of tlte reenlisttuient rate (secsimud
tenuu pay, personal attributes, civilian earmuings attributable to military experience), with second te rmu t
pay disaggregated into bonus, proficiency pay, and regular muilitam’y pay . The results of the empirical ‘

work were: (I) variable reenlistm ent bonus (VRB) has a very significant influence on reenlistiuuetut
rates; (2) VRB is most effective when paid in a lumu mp sw um; (3) there were no differences in the efiect
of VR B between the military services; and (4) Air Force and Armuty show that in cases in which the
enhistee has a high level of education, there is less VRB effect.

Fields, D.S. Cost/effectiveness analysis: Its tasks and their interrelation. Operations Research, May ’June
1966, 14(3). A general descriptiomu of cost/effectiveness analysis. umsitug as ait examuiple tIme amuahysis of a
csuummunications system in the context of possible nuclear war.

Fields, G.S., & Hosek, J,R. Human investment decisions, labor nuad~et choice, and umnemutploynuent. Rand
P.5144. November 1973, The authors described a nuodel of luunuan itmvestinen t in which thus’ pure
analysis of Becker and others was subjected to real constrait its such as choice of gesugraphic labor
market, nuarketable skills, and job search strategy. The prime cause for thus refitue’mutetut is the presemucs’
of the possibility of degrees of’ unem ployment, which varies according to the factors nuentioned.

Floreflo, MR. Getting “real” data for life cycle cost. Rand P-5345. January 1975. Problcuuus wit h Iit’e cyde
costing data include: (I) many data s) stemum products front different data bases; (2) different
nomendatures across data bases; (3) data quality and completeness; and (4) only 70 percetut of
ownership costs are known explicitly . Somne imuiprovemuuents were suggested

Fisher, G.H. Cost considerations In svstems analysis. Rand R490-ASD. December 1970, This isa report ott
the cost aspects of’ systenus analysis, in which Fisher intentionally did not treat the other side sit’ the
systems analysis coin—effectiveness. Induded are chapters ott systetus atualysis itt general, econotuuic
issues, military cost s analysis. inputs to the equmation. cost estimating relatiomuships , cost nuodels, amid
special topics, Including uncertainty and timuue . Three examples of systetums amualyses conclude the
report .
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Fisher, G.H. What is resource analysis? Rand P.4705. September 1971. Resource analysis is cost/benefit
analysis with one measure of costs or benefits: economic resources. The difference between other
analyses and this is the emphasis on collecting all economic cost rather than in collecting only
budgetary costs. In this sense, the analysis might be thought to parellel cost/benefit and economic - 

-

analysis quite well.
Fisher, G.H., and the staff of the Rand Cost Analysis Department. Costing methods. In E.S. Quade (Ed,),

Analysis for military decisions. Rand R-38 7-PR, November 1964, Military cost analysis, from the
weapon system level to the force structure level. Cost sensitivity analysis and analytical results are
presented in a manner which facilitates understanding of military cost analysis.

Gay, R.M. Estimating the cost of on-the-job training in military occupations: A methodology and pilot
study. Rand R-1351—ARPA . April 1, 1974. Gay (1974) defined Oil and pointed out that the rising
cost of personnel had increased the emphasis placed on the cost of OJT and had affected all other
m anpower decisions. Among those decisions he included (I) the capital-labor ratio; (2) the
composition of the force, i.e. the balance between experienced and inexperienced personnel;(3) the
training strategy (resident schools vs OJT); and (4) the assignment of personnel to career fields. Gay
attempted to develop a methodology for the cost analysis of OJT. As bases for his approach, he
reviewed previous military and civi lian studies in the field and conducted a pilot study consisting of a
survey of 36 men in a 700-man squadron. He discussed the statistical relationships among the
independent variables in a wide-ranging manner and regressed demographic variables on cost . The
ultimate value of the study lay in its pioneering effort.

Gay , R.M., & Nelson, G.R. Cost and efficiency in mili tary specialty training. Rand P.5160. January 1974.
An attempt to forrnblate a procedure for estimating the cost of on-the-job training, based on a survey
done in one Air Force specialty . The usual framework for valuing investment was used, with training
cost and the ultimate value of the trained individual as the measures of costs and revenues. There
were some problems with the formulation, however. First, the authors stated that a firm will invest if
the resulting income stream (discounted) is greater than the discounted investment. That is not
altogether true, because organizations seek to maximize profits, rather than merely seeking to obtain
a positive profit. As applied to the cost of Oil, this means not only that t raining must break even or
pay off, but also that it must be better than the alternatives-no training and other means of training.
Second, the authors’ evaluation of the military training situation as it actually exists may be wrong.
They stated that Air Force costs are most easily regarded as being comprised of direct outlays,
pay/allowances of trainees, and the cost 01’ Oil (wage—productivity). Their formula is:

Cost D +P+(P — 0),
where D = direct outlays, P = pay/allowances, and 0 = output (productivity). The formula reduces to:

Cost = 2P + D — 0,
which counts pay twice. A nuore accurate formulation m ight be:

Cost D + P — 0 ,
but this still nuixes the cost and return sides of the “profit” picture. The error is in the assumption
that the trainee will have a substantial negative effect on the productivity of the organization. (His
wage may affect the tot al picture, but that is not the issue). It is mcwc likely that the trainee will have
a zero impact until he starts being productive, since it is unlikely that a supervisor with a mission
which is paramount would take time to train a person until after that mission has been accomplished.
The authors did obtain some useful information with a survey done in a pilot study. The information
was in the form of military supervisors’ subjective opinions as to the amount of time a person is on
the job before his output equals his pay, and the amount of time between his arriving on station until
his productivity equals the productivity host by those who instruct him. It nuight be said th at a survey
respondent would answer this question with an answer to the real question, “When does a persomu
begin to be more productive than the loss of productivity of those instructing him?” That
Information is useful to those using a slightly different strategy, assuming a linear function describing
the output of the person over and above the output which would occur were he not assigned to the
unit. It seems rational to assume that the person starts with a value of zero, finishes his training with a
value equal to his pay and allowances, and reaches that point in a linear fashion.
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Gillii~ y, V. How shall we employ the technically trained? Rand P-4574. February 1971. This paper co~eis
only those trained at the college level .

Goet’z, Ci,, & Buchanan , J. External diseconomies in competitive supply. American Econonuk~ Revicw,
December 1971. 6 1(5). Treat m ents of the nontuptimnality of commupetit ion witlu external diseconoiuuies
are seen as imucomplete. ignoring produc t ion efficiency while focusing sold) on exchange imuet’flciemuc~ -

The authors insisted that policy prescriptions are hopeless in such cireumiustances: “When the precise
was- in which externalities enter the competitive process is clarified, the detIciencies in the stamudard
corrective presc riptions such as P%goviaiu tax schetuies becom e evident.”

Greenberg, DII . Employers and musinpower training programs: data colkction and analysis. Rand
RM.5740-OEO. October 1968. Four manpower trailuing programs in t he los Angeles area are
described and coiuupared. As a prime goal of his researetu . Greemuberg explored the relative merit of thue
com pany approach to fotlowup of program graduates. One of the program s concenued w is Oil.
(;reenbe~ found that the return to the graduates was greater. at least in terms of w ages received, for
graduates oh’ Oil programs than for graduates of the other programs, which were normal voca tional
training programs.

Hagg~ t, S.A. Program cost analysis in education planning. Rand P.4744. December 197). hlag~art discussed
the concept of cost analysis in education and developed a muuodel for comuuparing the cost eff ects of

alternative programs. There was special enuphasis on the comuumuuon use of nunube m-s froiuu cost studies
with the reminder that most studies produced results wh ich were muot strictly comuiparable. though
each may be accurate. The iuuodel assumed tluat existitug facilities were sunk costs for each alternative.
and that commmmon factors had conunon prices, so that system costs may be compared.

Hagptromn, G.W . The foundations of probability and ntathenuatical statistics. Rand P.5394 . March 1974.
Taken from the notes of a lecturer in a Rand Graduate Institute course, this paper covered
probability muuodels, random variables, expectatiomu and variance , ,joimut dist ributions. conditionimug.
correlation, sam pling theory, and parameter estimiuation .

H~~gstro m, G.M . The pitfalls of manpower experimentation. Ramud P.5449. April 1975. Amu illustratiomu of
how to conduct smuiall-scaie pie-initiati on tIeld tests of new programs in the’ muuamupo~ver area. The paper
dealt with Dot) tests of the etlects ot’changes in enlistment periods on recruit m ent statistics . am u d gave
examuiples ot’ how to get reliable results.

Hansen, W.L., & Wejsbrud. l3.A. Economics of the military draft . Quarterly Journal of Economics, August
1967, 81(3). The effects ot’ the U.S. draft on ICSOUreL’ allocahiomu and dist ributiotu- - the gross natiomual
product—are discussed, including the imp licit imucomuue tax omu servicemen. wh ich is thue result of being
forced to work for less than the muuarket wage rate, amid the loss of real output whiclu results from
non-market resource allocatiomu. Wluile tuo judgments are’ made, it is muoted that such factors muuusl
receive explicit consideration when conscription is under consideration.

Heuston, M.C., & Ogawa, G. Observations on the theoretical basis of cost’effectiveness. Operations
Research. March/April 1966, 14( 2). A general discussion of cost/etieetivene’ss analysis. imu w hiclu the
authors note that there are several comuinuon elemiuciuts in almuuost all amuahyses, am ong the muu: Prohle’muu
detinition, developnuent of appropriate arrays, definition oh’ alternatives. developmuuciut of a cost
nuodel, development of an effectivens.s nuodel, and t’inaI sysnthesis.

Hirg~h, A., & Segelhoest, E,W , Incremental income benefits of public educatiomu. Review of Economnics and
Statistics, November 1965, 47(4). Using the techmuiquc of discountimug the how of expendit tire s amid
returns. Hirsch and Segelhorst exaiuuimued t h e  effects of schooling on future income. 1’huis dit’l’ers from
the technique oh’ calculating the internal rate of return to invcstmuuemuts in hunuan capital.

Hoehn, W .E. Economic anahsls in governmental declsionmuuaking. Rand P.4222. October 1969. Thuis paper .
in w h ich hloehn discussed the various components of economic analysis, ~vas presented at a
symposiumuu on tlnamucial management. Am ong the comuipomuents were the use of interest mates , the
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determulnation of econonuc lifetime, the identification of’ alternatives, the assscssiuucn t of
nonqualifiable factors, the hiandlimug cut’ risk and uncertainty, and the ktentitIcaiiomu oh’ imnpom’tant
parameters. The use of economic analysis on proposed dams on t he Colorado River wss covered, hit’
concluded that better analyses cami imuipruve the comupt’tcmuce oh’ decision m aking but canmuot relieve the
burden of mimaking a choice among alternatives ,

Hoenade, S,A. The efficient allocation of ubaidirs to college students. American Econonuic Review. Juuie
1971 , 6 1(3). The subject is the structure of twtion charges that will result iii the proper enroilniemut
and representation of students from various income groups, while holding outside subsidy at the
present rate. Hoemuack used the University of California for data , amid found that sitwe all students
paid less than the cost of their education, adjusting the amount of im pLicit subsidy will give all the’
adjustment range necessary and an explicit tax is not necessary .

Jones, C.R. A model of a systems anal vsis study. Report No. NPSS5JS9O7IA , AD.695 427. US Naval Post
graduate school. July 1969. This report described the geomet ry of cost-hemueti t decision muuakimug.

Kahn, H., & Mann, I. Techniques of systemra analysis. Rand RM.l829.l-PR. June 1957. This is part one of
t hree parts of a proposed hook on mi1itar’~ plaminuig umude’r uncertaituty - Various techniques of syst emu ms
analysis are discussed. Part three is called “Ten Common Pitt’alls” and is noted below . The authors
drew on the collected works of several Rand lecture rs on system analysis. The paper was aim ed at the
military anal~st in litany respects , with sect iotus on design of the defense, design oh ’ the otl’ensc . amid
the two-sided war. h owever. the comucludimig section titled”Evaluatiomi and Criticism ” contained muiany
observations on amlalssis whuich hiav e survived very well the two decades since publication. An examuiple
is t hat “One can legitimately recomiumuucmud doimig (basic research) omu very flim sy evidence. Thai is . Omit’
shouldn’t have to show that the research being recomniutemuded is Likely to he useful. hut only thiat
there is a chance that it may be useful” (p. I 3-fl. The authors stated that developmuic’nt should also he
umudertaken tuft projects less than 100 percemut certain of success on groun ds that evemi whuen
procurement is rio t indicated for a sy s tem studied, the lead time’ for proceuremuu~’iui is considemahI~
shortened if the world situatiomu e’han~~s so as to ruiske the s~ stem muuore desirable. This sectitvn implies
that reseai. ‘r t hat leads nowhere’ is useful, because it eliminates dead ends.

Kahn, H., & Mann. I. Ten comm on pitfalls. Rand RM.1937. July 17, 19 57 . In a very amuucmsi mig work , thie
authors discussed commuion errors of systemmus analysts ranging t’reumuu over.dependemice on models to the
uutroduct iom~ of a m istake of muathemmuatics or assumiuption. The paper was w ritte n int’omually as t he
draft of a chapter in a later hook.

Ma~setl, A.P. An imputation method for estimating civilian opportunities available to maitarv enlisted mne’nm.
Rand P~1565-ARPA. July 1975. Veterans’ occupat iommal experiences nuav give an upward bias to
estiniates ot’ potential civilianu returmis facing enlisted people.

Massell, A.P., & Nelson, G.R. The estimation of training premiums for U.S. military personnel. Rauid
P.5250. June 1974. MasacIl and Nelson dealt with the value’ ot military traimuimug to setvucenue’n kavuug
the serv ice. ‘flue trammuing preauuiumus muientioned in the title refer to the addition to potential c mv m hm am u
mncomue attributable to the servicemuuan’s training. The paper wjs a prelimiiuumy effort to emnpiricall~discover the value to a person of what is. in e’sscmuce’. the t~ partmueiui of Defemise’s u ’ .~stmiue’mut in him.
Statist ics used were fromui surveys of se rvicemuueuu separated iii lQt ° amid froni military records
associated with survey respondents. lnl’antrvmnemu WeTe’ used as a control group. since’ there is no good
civilian equivalent to combat arms. This work falls into the general catego ry of analysis ot’ the value
to the recipient of human capital invest nuenr . Inasm uch as thust value is measured in terms of nlomuey .
and that nuoney is the wage rate, the value to the cml’Iover ot’ the additit mual productivity moust at
leas t equal the ‘prenn ium” he paws, or he wouldn’t pay it - Therefore, the marginal product of the’
traimmig is at least equal to the wage’ differential, and an~ surplus is a retunu to the investor’s
invesimnent in training, with the goverrlnme’nt as t he investor in this case’.
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Maultsby . W .F,, Ellis , R.S., & Fulton. L).N. A cla~~fication and evaluation of current cost models.
SLSR.7-69, AD-863 844. Master’s thesis for the School of Systems and Logistics. AFIT. Air
University. August 1969. See text

MeCaU. 3., & Wallace, N. Training and retention of Air Force airnien: An economnic analy~ s . Rand
RM~5384-PR. August l967. Aiu analysis euf the problem of ’ reta imiing generally trained electronics
spec ialists in the Air Force. McCall and Wallace see it as a sm mm upl e supply amud ileimuanud probiciui n mt lu
tlue pay of the airmen too low to keep them in the semvui. c According to the analy sis. a shift tronu
prot Icienc~ pa~ to a reenlistment bonus should make a large’ dift’creuuce , since t he’ civilian aIte’rnatm e~s
faced by the airmi uemu do not pay very much better tharu the nuihitary

Mincer , 3. The distribution of labor incom es : A survey (with special reference to the human capital
approach). Journal of Economic Uteruiture , March t970 , 8( 1). Thue article reviewed the literature on
ehstiihution of income in which the traditional approach was compared withu the humuau: capital
approach. Economneiric attenu pts to determine’ the etl’ects of investments in hiunuan capital were
revic~ eel amud interpreted , aiud general issues in tile’ area were discussed.

Mincer, J. On’thejob training: Costs, returns, and sonic implications. Journal of Political Ee-onomu uy ,
October 1962, 70. See text.

Morgan. J. , & David, M. Education and income. Quarterly Jounua l of Economi cs, A ugus t 1963. 77(3).
- 

- When the etlects of education on incomne were studied, objections to the use of average amumuual
eanuingi of groups by age and education we re not terribly inuport aiut to tlue results . An interestimug

L observation was that sonic of the efl’ects of further education on eariuimt~ were hidden by t h ose
educated who take their additional income in the form of increased leisure. iluere is also some impact
on enuployuuuemur statist ics b~’ virtue of ’ the same phenome’nomm .

Nelson, R.R., & Phelps, E.S. Investment in humans, technological diffusion and economic growth. Rand
P.3295. l~ cember 1965. In a paper presented at the 1965 mnect imug of the’ Anuerican Fconoruu ic
Association, the authors hypothesized that the more’ educated a muuanager is. the more like’ly he is to
tr new techniques. and thus the greater the education level of management , the greater w ill he the
rate of w hat is called technoloe~ical ditTusion. Prelinuimuary evidence for this hypothesis was taken froiuu
the example of American agriculture. It appe ared that the mluore dynamic the technological adaptatioru
of an economy, the greater should be the rate ot’investnuent in human capital.

Pardee, F.S. Weapon syste m cost sensitivity analysis as an aid in determining econonuic resoiim’ce imj~ ct.
4 Rand P-2021 , June 15 , 1969. in an early Rand paper on cost analysis, Pardee discusse’d the technique

called “sensitivity analysis” as a tool for evaluatin g proposed weapon systemuus before their design amid
production. Cost sensit ivit y analysis is t he sin ghng out , front the mumynad of cost elements, of those
elements which have the greatest impact on system costs for each percentage of change imu factor
input. Often factors which loom large in the total cost of a syste’mn do not vary greatly as paranuute’rs
change, while less noticeable factors nuay fluctuate wildly with inucrenuetutal cluanges in system
per formance characteristics. Sensitivity analysis explicitly addresses the issue of dit’t~ring cost effects
for ditTerent elements, and of examining the possible etTects of those dit’ferences omu the tinat results
Pardee emphasized that cost sensitivity analysis is unly a part of a larger study , amid that its results
should not be evaluated in isolation.

Pertman , R. On•the~job training in Milwaukee—Nature , estent , and rela tionship to vocational education.
ERIC EDO. 4-l61. (‘enter for Studies in Vocational and Technical Education , In dustrial Relatio ns
Research Institute, University of Wisconsin, June 1969.

Petruschell . RI. , & Chester . 3 M . Total system cost analysis- Part I. Rand RM.30b9-PR. Januar y 1963.
Several aspects of cost analysis are treated in a mutetuicirazudumu designed to he part of ant Aim Fcirc~Institute of Technolo~ ’ course in cost estima t ing concepts and techniques. The’ sections we’re’: t ile’
nature of total system cost analysis, system description . personn el estimating, and estimating muuission
equipment. Wh ile the topics were oriented to muilitar cost analysis. t h e points mad e we’re general
enough to have relevance for all cost analysis.
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Pincus , J. Policy studies at Rand: Education and human resetw~ . Rand P4 721. October 1971. Pi:u.us
reviewed the work underway at Ramud in tIme area of education rcscarciu, w ith a short word about
future direct iomus as of 1971. The enutire progranuu concermied tlue evaluation of the costs and
etl’ectiveness of’ the public school system, with no I reannen t of general investments in human capital.
i.e., vocational training. The overall conclusion was rather pessimuutstic : Pincus report ed that no
effective convcntiommal or innovat ive t reatnuien t of public school students was being provided, given the
social backgrounds which existed. The implication is that what goes on in the classroom has little
impact on the students.

Quade. E.S. (Ed.). Anialysis for military decisions. Rand R-387-PR. November 1964. A collectionu of essays
cmi time topic o f systetmis analysis, part icularly those presented at Rand courses during the fift ies. The
courses were offered to decisiotu nuuakers rather thamu anualysts , and tried to give an appreciation of the
subject. The content was aimed at teaching tluc inlerpretatio mu , rather thami ttie performance, of
analyses. This collection was reviewed by F.M. Scherer in t h e  December 196 5 issue of tlue Aineth ’an

~.‘~momic Review (see below).

Quade , ES. Analysis for public policy decisions . Rand P.4863. July 1972. In a paper presented at a semuuim iar
on policies and systems analysis in 1972, the author discussed the increasing acceptance of
quantitative analysis by politicians anud called for the future inupr ovem netu t cii’ t he accuracy of syste mums
analysis tech niques.

Quade, ES. Cost-effectivenes s : An appreciation. Ratmd P-3248. October 1965. A definition and exploration
of cost .cffectiveness analysis, giving its limuuitations amud its strenugths. Quade believed that ttuere was
room for furthuer use of the nuethod , even in the l)epartment of I)efensc, where its use was usually
greater than elsewhere’.

Quade, E.S. Cost.eff ecti veness : Ani introduction amid ove rview. Rand P~3l34. May 1965. This paper seci uts

to be .1 drat ’t o f the ’ paper mentioned above , as t lucre is little difference betweenu the two.

Quade, E.S. Pitfalls in military syste suu analysis. Rand P.2676. November 1962. In a paper presented at a
sym posium in 1962, Quade discussed systems analysis as an approach, rather titan a method, to look
at complex probtemius of choice unuder uncertainty. Ills subject was two classes of error found mi
systemuis studies— blunders anud fallacies, lie found th at blunders will conutinuue to occur, but that there
was sonic hope for eradication of fallacies in analyses.

Quade, ES. Some comnients on cost -effectiveness. Rand P-309l. March 1965. According to Quade . the
difference betwer-, systcm nus analysis amid cost-effectiveness is onue of’ empluasis. Systemus amualytis is
conmccrncd with assisting decision makers on matters of policy, while’ cost -effectiveness analysis is

vunore spec illcally comucernued with the comparison of alternatives fromum the point of view of cost amid
effect ivemiess. Quade tumentioned two specific liiuuit a tionus of amua lyses the’ necessary inucomplet emuess of ’
each analysis amid the vagueness of effectiveness measures. lie discussed two pitfalls mutentioned imi his
1962 paper t he cherished belief and overcliance on mtiodels to nuake decisions. The mmuaiiu
conc lusion is tluat the design of studies and an alyses, t he formulation of time basic questions which
need to be asked , is mnore imu mportamut than tIme particular techniques used.

Quade , E.S. Syste ms analys is techniques for plannin g-programm ing-budgeting. Rand P.3322. March 1965.
‘fhtis paper offers an explanuation of systems analysis and a proposal for its use in much wider
app lications t iuam i weapon system choice. System analysis offers a framework broad enough for most
social issues within goverminuent.

Quade , E.S. The systems approach and public pol icy. Rand P4053. March 1969. (mu this paper, a Rand
spokesm an for systems analysis pres enu ted his views of the place systems st un. ies occupy in th e world,
and of the major attributes of such studies. iie reported that such analyses have gained acceptance in
industry amid govermimnent decision muakij ug, hut iluat advamuces m int be nnadc in further making syste ’mmns
studies useful anti acceptable. On the Part of decisiotu mnak ers, muuore use inunt be made of the
capabilities which exist , and minute support must he’ given to those who implement studies , Quade
discussed modeling as it is generally practiced in systems studies and suggested th at models he
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extended beyond mere numerical representation to include verbal descriptions of the way things
work. Such models, according to the author , are equally useful SO lomug as they maintain their
predictive abilities . Quade’s definition of a model is “any device that provides a nneans to predict and
compare t he out co mes of alternative actions. ” An examp le of such an extended model is the I)e’hphi
technique developed at Rand for eliciting and refining expert opinion through zmonynhily in what
would otherwise be an open discussion.

Rostker, B. The Air Reserve forces and the all-volunteer force: A statement before the Defense Manpower
Commission. Rand P.5359. January 1975. Rostker points out th at non-prior service airmen’s pay
increased relative to that of the career forces, hut there was no cluange in time utiliiation patterns of
these two groups (p. 4). ‘flue strength cii regular fo rces was satisfactory . but t iuat of time reserves was
falling

Rostker, B. An econometric model for the evaluation of manpowe r programs. Rand P4944-I. October
1973. Rostker suggested using a standard national control group for the evaluation of manpower
programs with the aid of a sim ple econometric model. This technique’ was used to evaluate time
performance of employment counselors in California.

Scherer, F.M. Review of “Analysis for Military Decision,” by E.S. Quade, American Economic Rebiew,
December 1965 , 55(5). Scherer states that “. . a recurring theme (of the Quade paper) is flue frequemit
superiority of tough, common-sense qualitative analysis over high-powered optimil.ation
techniques. , . . A second theme is t h e  need for iteration amid feedback in redefining objectives stud
devising new, dominant solutions. Also emphasized is the role of’sensitivity analysis’- estimat ing how
conclusions may be affected if uncertain parameters take oni adverse values.”

Schlesinger, J.R. The changing environment for systems analysis. Rand P.3287. Deceniber 1965. This t a l er
presents four factors which have aliected the performance of systems studies since the concept was
developed: (1) increased political fluidity, at least in k:”us of ttue major th reats which defense policy
must consider, (2) a more sophisticated approach to the conduct and perils of nuclear warfare : (3)
emphasis on specialized weapon systems: and (4) time ris ing costs of R&D. Schlesinger provided two
examples for illustration and concluded with some observations on what had preceded.

Schlesinger, JR. On relating non’technicaJ elements to system studies. Rand P.3545. February 1967. mi this
paper, a future Secretary of Defense exanuined the role of wh at he called “sof’t ” factors in systems
analysis, and he laid much of the blame for policy failures on the exclusion of such factors as the

-~ political environnuent. As he stated , “In such an cnvirouumnent (th at of the govcrnmiiemmt bureaucracy as
decision maker) the excuse that the best laid schem es of mice and ,uucn gang aft a-giey is invalid, for
the neglect of the real ch aracter of the environment inuiplies that the plans may be the worst laid.”
Studies of the pure resource allocation problem are a good st arting point , but feasibility of
imp lementing the result ing proposals immust be of prime conce rn . Only in that way may “ second-best ”
alternatives be considered, i.e., alternatives which are the best available under the circumstances, In
addition, he made the point that, as Whitehead remarked, the recomuiniendations for time real higher
level decision makers may not be completely susceptible to purely numerical analysis.

Schlesinger, J R .  Systems analysis and the political process. Rand P-3464. June 1967. The use of systems
analysis on public issues, and time difficulties encountered there were examimued, The confusion in
civilian agencies between input and output was miicntioncd (time concern of time Forest Service with
timber rather than lumber, for instance). It is t h e tendency of mi-house research to be so theoretically
pure that it is of little use, and the possibility exists that the analysis may num ask political cluoice as
economic efficiency and therefore interfcre with m time decision tumaking process.

Schweitzer, SO. Occupational choice, high school graduation, and invectmcnt in hmmmmmn capital - Jourual of
Human Resoiwces, Summer 1971. 6(3). According to this article , it is not always the case t hat high

• school graduation increases lifetime carnin~ prospects. Specifically, whemu tIme student has certain
occupations in niind, “high school graduation does not appear justified on econonmic groumids, whemi
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past cross-sectional earnings patterns are used to predict the future.” Some of the occupatiomis which
showed a mlegative return to schooling in this st udy were electricians, drivers, barbers, and shipping
and receiving clerks. Interestingly, while electricians showed a muegative rate 01’ return, the rate for
painters, bricklayers and plunubers, (all closely allied fields of endeavor) were positive by a good
margin. The author concluded that if those workers who wished to join trades with negative return to
education were perceptive enough to see th at th eir hifetiimme prospects were not enimanced by furtimer
education and therefore dropped out , the observed h igh rate of return to high school graduation
would be somewhat the result of the self -selection of those whon it would aid.

Shishko, R. A survey of solution concepts for majority rule games. Rand P-S 169. August 1970. (Revised
Janaury 1974.) Shishko provides a muuathematical review of the concepts of the core, bargainumg sets
and mm-pe rson ganueswitlu side paymmients and t rammst ’era hle utility.

Smith, R.E. The opportunity cost of participating in a training program. Journal of Human Resources, Fall.
1971. 6(4). Presentation of a mumo del, based upon the characteristics of time participants, for estimating

• time foregone income of participants in tra ining programius. The model was dc~~hoped for use in the
conte xt of progranus under the Manpower Developnmemut and Training Act.

Strauch , R.E. A critical assessment of quantitative methoè of a policy analysis tool. Rand P-5282. August

4 1974. The apphicatiomu of nuathematical methods and miuodels to the spectrummi of policy problems was
considered. Strauch looked at the liiuiitatio.us of muuathemuuatical methods at flue “squishy” c ud of time
spectrum and suggested that there was a tendency fu the analyst to assume (hat a problem was
susceptible to accurate description withimi his framework and proceed uncritically as though that were
the case, getting “good” numerical results and accepting them as real even though the model was not
a very good analogue of the real situation. He stated , “Whemu we look for time answers to coimiplex
social, political, or behavioral problems in computer based nuodels , therefore, we mumm y be retunuing
full circle - -back to the shaman and the oracle , asking a mmuagical mechanism beyond t lue man~ of

-j humnaiu consc iouomcss and understanding to prov ide us our answers. ” (p. 87).
Strauss, WJ. The nature and val idity of ope rations research studies, with emphasis on force co~nposition.

Operations Research, Operations Research, September/October, 1960, 8(5). The coumu positio n and
functiomi of operations resea rc h studies as of 1960. Much of the subject of this stud y has been
subsumed by either systenus analysis or one of the several fomis of economic analysis. The author
assaye d the value of operations research studies , and he foum id that although operat ions researc h
cannot guarantee the best decision, it was the best method ava ilable. “ In the huands of a ta lemmte d
analyst, it yields believable, useful results with higher reliability than any other mimethod so far
suggested.”

Sumner, G.D. Saupling method: Suggestions for military cost analyns. Rand RM-5779-PR. October 1968.
A general description of sampling, samump le design, est imuuation from sammupie statistics , and survey
procedures, primarily for the military cost analyst. The paper Is basically an inst ruction package based
on available sources which are listed in its bibliography.

Thompstnm, V.M., & Thompson, E.A. On the efficiency of a competitive equilibrium with education as a
screening device. Rand P-5356. January 197$. The authors disagreed with caujier muiodels which
showed that there was overinvestment in the education of workers , on the basis that an inuphicit
assumption was unre alistic. The assumption was that good school performmiamuce was communicat ed to
prospective employers but that poor performance was muot . A revision in assummiplions showed a
general underj nyes(ment in the education of workers when employe rs use education as a substitute
for specific knowledg e about worker s ’ product Iviti es .

Weiss, LW. Concentration and labor earnlnp. America n Econom ie Review , Msrch 1966, 56(l). The wage
rates of various industries were related to the degree of nnonopohiiation in the industries. The article
was not entirely relevant to Oil except that it notes the tendency of labore rs to invest iii their
human capital at their own expense.
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Weiss, Y. Investment in graduate education. Amer ican Economic Review , December 1971 , 61(5). Weiss
attemnpted to link graduate fields and degrees sought to individual potential lifetime incomes. The
study was restricted to a single cross-section of 5,686 of flue 242,800 nuembers o the National
Register of Scientific and Technical Personnel in 1966.

Welch, F. Human capital theory: Education, discrimination, and lifecycles. Rand P-5351. January 1975.
This is a short critque of three aspects of human capital theory, with the conclusion that the theory
does not address, much less explain, much of what is at issue in hunuan capital discussions of race
differences in income. The author stated , Theories of human capital and of discriniination tend to
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