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Educational organizations and the learning process are extremely complex.

' This paper presents a conceptual framework for analyzing the complex relation-

ships between school inputs and school outcomes and- for conducting cost-’ *»
effectiveness studies jn e@ucetioh. The paper diséusses several concepts and
techniques from the areas of systems theory and economic analysis that ‘can be’
used as tools in an éffort to improve the proguctivity.of the educational en- .
terprise. 1In ad@ltlon, the use of basic planning-progrdmming-budgeting proce-
dures is rebommended to fac111tase cost-effectiveness analyses." .

Several studies investigating product1v1ty_ in education are rev1ewed and.
the analyticdl problems in conducting cost-effectiveness studies® are ?xplored.
The paper points out the potentdial pitfalls in identifying, measur;ng, and
comparing program costs and addresses the difficulties inherent in asse551ng
program outcomes. Severql conceptual models designed for conducting coSt- @'.
effectiveness studieg in educatiopn .are discussed and the results of a number °
of empirical investigations empqukng cost-effectlveness technlques are pre-
*sented. .

* The conceptual framework developed in thlS paper views the education pro-
duction process as a system con31st1ng of four major components. (l) system, ’
environment ‘and controls, (2) the school, (3) og—puts of schoollng, and
(4) feedback. The first component includes socioeconomic variables that e
have begn shown to influence.school outcomes and the policy framework within
whleh sc 1s operate. The second component, the school;sksteﬁ itself, .
includes twQ major elements: (1) school resource inputs-~-~the human resources
(students and professional staff) and the material resources (phy31cal plant,
classroom’ equipment, and <curricular products), and (2) school resou.ce appli-.
catiohs~-the manner in which school resources. are combined or mixed to achieve
des1gnated objectlves. The* outputs bf ‘an educatlonal system may be classified
in several ways, e.g., short-range and long~range, cognitive and nonccgnltlve,
or monetary and nonmonetary. The fourth component: is feedback based on evaluas,
tion of the system!s outputs. , . : : )

-
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ee decades, educatlon expendltures have made up an ever A;'

e 1ncrease in expenditures by educational inst1tut10n§ has
larly etrlklng over the past 15 years. 1In 195-76, for example,
enditures ‘by public and non-public educational institutions dt all /"T\
totaled $120 billion compared 'to a total of $24.7 billion in 1959-60. *
al expendltures by public and non—publlc elementary and secondary schools .
1ncreased from $18 billion to-$75.1 billion in this same 15 year period. The
1ncrease in expehdltures by 1nst1tutlons of higher educationr has beer; even .
more dr tic--from $6.7 billion in 1959-60 to $44.9 billion in 1975-76 .
" (National ‘Center for, Educational Statistics, pp. 189-90). )
Accompanylng the owth® in education expendltures has come an‘increasing
concern for "accogntablllty." As an enterprise involving the expenditure of
public Funds, accountability has always been a concern of educators from a
» . flduclary point of view, i.e., ensurlng tNat publlc funds are not misappro-
4 . priated, lost, or stq}en. In recent years, however, the definition of account-~
ability has broadened to encompass concern’for achieving the most efficient use

& of the resources devoted to education. This concern/is perhaps .best expressed
by the questlon, "Are we getting ou} money's worth from expenditures for educa-
tion?" ©g . . :

Giyen the magnitude
t citizens and policy
institutions.and express

of ‘expenditures for education, it is understandable -, .

makers guestion the productftlty of educational
concern 'for what they‘percelve as inefficiency in

}<p51ng resources devoted to education. Haggerty (1973, pp/~ﬁ ~10) pointed out-
that in 1970 only four- percent of Amerlcan workers were engaged in dgricul-
ture, forestry, or fisheries as compared to 40 percent in 1890 and 20 percent

¥ ."in 1930. Yet the four *percent Xn 1970 were producing -substantially more food

and forest products than the 40 percent in 1890, - Based on these data,; pro- .
duct1v1ty per person engaged in agriculttre ipcreased more than ten-fold in ° v -
¢ that 80—year period.* But on the othbr-hand, Haggerty pointed out that between -

) 1930 and 1970 our population increased by about 60 percent, 'our school’ en-

rollment “increased by about 200 percent, ahd the number of persons employed

in educatlon increased mgqe than 400 percent! K6 Given these data, the interested
c1tlzen is likely to conclude that productivity- education decreased durlng (W
the 40 years between 1930 and 1970 and that the ity of today's education
may even have dedlined. This point of view is likely.to be reinforced by
w1despread publicity currently given-declining college board and other

- standardized test scores and the desultory results~reported by the National .
~ Assessment of Educatlonal Progress. . . '

Y R e . - v -
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/Dtlearly, the question of whether or not the resources allocated to gduca-\
tion are being used efficiently is of gréat importance to society. The concern
for achieving greater efficiendi‘has been.demonstrated over thé'bast decade,
by the application of- analytic techniques, such as planning~programming-

“budgeting, input-output analysis, cost-benefit anélysis, and cost-effectiveness
. analysis, to—educational problems. Unfortunately, too many analysts have .
_ sought simple ‘answers to-complex questions. They have frequently‘failed to
Lecognize the extraordinary complexity of the processes ‘involved "in human
+  learning. To attain greater efficiency and productivity, one must be .able
: iy specify ‘the resources needed, the‘quantity, and the combinatidﬁ, to pgoduce
a desjred level of knowledge, i11, or behavior.  Educators .are confronted
with these kinds Qf questions:™ Do differences in the kind and, amount of
resources lead consistently to different educational outcomes? What school
characteristics, configurations, and programs lead to differences in outcomes?
what impact.do schools ‘havé on students? Because Schools are not ideal e
. .laborateries in which organizatidnal features (suchias the distributifpn and
utilization of resources, composition of the' student body, placement of
students in programs, methods of instruction and-egaluatipn, or operational
.objectives of school programs can be manipulated), adequate research evidence
is difficult.to obtain. Degpite -these difficulties, however, educators must
ask whether the resources at their disposal are being e fectively and effi~
ciently allocated and utiljzed. * -’ e :
WNe @o not propose in this paper to identify duick and easy ways to |
improve productivity and efficiencﬁ’in the use of resources devoted to
schooling. We are primarily concerned wi%h-developing a conceptual frame-

€
-

work to faciljitate analysis of the <ohplex relationships between school re-
sources, sqhobl processes, and school outcomes. Application of systems
analysis and economic analysis will be discussed, selected literature bearing
upon productivity and.efficiency in education ‘will be reviewed, and a concep*
tual schema designed to guide the search for connections between school re-
sources, school processes, and school outcomes will be' formulated.

. '
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—_ EDUCATION AND SYSTEMS' ANALYSIS®
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3 s
. The concept of a syStem is not a recent one andg, the word "systemy has ,

many deflnltlons. Kershaw and McKean (1959, .p. 2), in their pioneering work .
sa8pPplying 'systems analy51 to education, déTined a system' as -"a set of inter- |
zrelated factors that are/used together to praduce an dtpnt." Martin (1969, .
-P. 49) defined a system as "an assemblage or comblnau!on of things or parts
forming .a complex’ wholei" He noted that one of the fmost important oharacter-
istics of a sypstem is-that it is composgﬂpof a hiqrarchy of subsystems.
Banghart (1969, p. 26) defined a system as "an "integrated assembly of inter-
acting elements, designed to carry out cooperzllvely a preﬁetermlned function."
These deflnltlons are similar. Each conv he notion that a' system is com-
. plex, "that 1t is composed of several elements, that* its eleménts are inter-. .
active, and that'the elements and the1r 1nteractlon are purmposive. Under any
- 4 Of these definitions, a classroom, a school, a school dlstrrct, all of the
school districts in a state, br all of the schpol dlstrlcts in the natlon
qwallfx as systems. ,
Although the study of systems is not new, the emergence “of systems »
aly51s as a s ec1allzeﬂ disgipline is relatlvely receént. .Systems .analysis .
is concerned w1§;\the careful, disc1pf1ned study of systeme‘to identify : .
feasible, effi“"ht<_;:: acceptable.means for eccompllshlng a given purpose. .
+ As Hare (1967 p. 2) pplnted out. ) -
. S . \ = © . ) f
- To qnderstand and’improve . « . systems by utilizing the rela-
tionships that resilt when dive;se components are. combined, in- ~

. P . .
-

. vestigators must be able to follow and .exploit the chain of work . %

flow, lnformatlpn flow or material flow--the>connect1ng links . b - e

- that tie the systemf together. And, thesé connecting -links al-.

» ] most always lead across the boundarles of educational discipline
-and organlzatlonal function. . s T - e R

s’ .
[]

‘ Systems analysis may be descrlbed as 2 comparlsqn of alternatlve means .

. of carrying out a function when thé means ‘are compllcated and 1nclude a

number of interrelated elements. Before a system can be analyzeda.a model RN
of that system myst be concei%®ed. A system model has been dedcribed as "a
wide-dngled lens trained on an organism so that it can‘be seen in its en- .
tirety, including the relationships among its (component) parts and between
* the organism and the environment [Coombs, 1968, p. 8}-. . .
* The model of a system provides the conceptual base. for analysis of that
system. It musf represent as accurately as possible the activities associated
with the system and thequlnterrelationshxps. - Such a model typically will

.Q%“
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lnclude "a set of lnputs, which are subject to a process, desrgned to’attaln
certain’ outputs, whlch are intended to satléfy the system's objectives

. . [Coombs, 1968, p. 91." A cugricular innovatioh in educatlon, for example,

) may entail Slgnzficaﬁ% changes ln instructional methods which, in turm, re-
gulre changes in the utilization' of time, -physical facilities and equipment _
required, and the number and kind of personne]l‘needed. Alteratioms such as
these have consequences for the system's input equlrements, for the nature ' *

, of. the process employed and for the quantrty and quallty of the system's "’

o/

. outputs. N . . :ﬁ;\ . .
’ . Xershaw and McKean (1959) ,- in. their Work for the Rand Corporation, pro* ¢
Ch s posed applying systems analysis techpiques to assess the possibility of
. ﬁaklng quantltat}ve comparisons of educatifjnal systems. They stressed thew_ . -
(’ need for conceptual development of. models /or relatlonshlps reqpired to
estimateeall costs, alternative processes, and output measures needed for -
analysis of educational systems. They dlscussed‘ghe difficulties involved.
_~ in measuring educational output, proposed a procedure for estimating in-
. cremental costs and eutput from new systegs, and suggested a method for
. 1nterfac1ng cest and output data to, compare systems. Although various appli-

-

-

. o cationg of systems analysis teohnlques in educatidn could be cited, perhaps
‘ the Best known have been those "aSsociated ‘with attempt to develop program
) plannlng and budgetgng systems for educatignal orgaﬁlzatlons. -
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" .. EDUCATION AND ECONOMIC ANALYSIS . - *
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N
Economics depls with the allocation and wutilization of scarce resources,
i.e., resources for whlch'Ehere exist alternaﬂive uses. The economist seeks . -
to allocate iﬁ%se scarfe resources among alternatlve uses in a manner whHich
maximizés the sat15fa4ilons gained by consumers: _For the economist, maximum
efficienty 1s achieved by ptilizing resources in such ways that any c¢hange
in their allocation among alternative uses would reduce the total satisfac-
tion'*of -consumers. Since the resources allocated to educatlon by soc1ety -
could be devoted to many other uses, the most efflcleﬁt use of .these resources
1s a legltlmate concern of both economlsts and educators. -~

0
.
- N 3
) ve .

EDGCATION As AN ECQNOMIC goop-, . .

“

é

- &0 * .
Although Adam Smith and bther eafly writers suggest& links between ©
education and economics, it is only in regenmt.years that economists have .
. devoted serious attention to education. * Thg growing interest in the economlc
aspects of education can be attributed to recognitlon that (1) education is
one of our largest enterprlses and- a major employer ‘of skilled perSonnel,
»  {2) education may influence slgnlflcantly an rnd1v1dual's,employmenb and
income opportunities and thus affect’ the dlstrlbutlon of income and wealth
. ¢ 1in society, and (3) educatlon, as the prlmary prov;der of trained and ski&!ed
personnel, is an important’ factor in econom1c growth and development ¢
., (O'Donoghue, 1971),. - » o
- The U.S. economy is qften referred to as a “"market economy" in which the .
flow of goods and serv16es is regulated*by the demand for them. The term
demand, as used in economics, refers to a functional relétlonshlp between the
X price of specific godds or serv1ces€@ﬂd the amount,of those goods or services
which will be purchased. Demdnd is a subjective concept ohly‘to the eXtent
that it measures the relative value consumérs place upon given goods or ser-
‘vices in comparison with other goods or services that they could buy. The
-demand for most goods and services provided through "the, operatlongof the
market can be megsured objectively and quant1f1ed with precision.» As the .
,prlce of epecn.flc goods or services 1ncreaases (assuming the demand for it )
is elastic),” the. amount purchased will generally decrease because other goods
. and services will become more attractive to the consumer. Thus, when the
market is operating freely (uncanstralned by monopoly, regulations, .etc.),*
tnlafﬁow of doods and services is regulated in'a manner whlch reflects the et
ti

. re ve demand for those ‘goods., . N . 5
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. " The component. of ‘the tétal economy in which th arket serves té.allo-
caté goods and services 1n accordance with the relative Supply and demand
, for them is generally referred to as the prlvate sector. Although the pri- -
‘fvate sector makes up the largest portdon -of our economy, a significant
amount of goods and services is prov1ded‘Py agencies of government, i. e.,
theé public sector of the éegnpmy. The supply of most goods and:services’
provided through the public sector--highways, national defense, pollce and
fire protection, “Educatlon, for example--is determinéd by ‘lggislative and/or
administrative judgient with regard to the amount of a given good or service
. that should be provided td best’ serve the general welfare of soc1ety. In
the publlc sector, the ;judgments of “public officials (based upon their per-
ception of "needs" rather than the operation of the market) determine the
© kind and'amount of goods and serviogs made available to consumers. R
A One of the serious problems encountered.in a "pure" market’ economy 1s °
) that individual consumers 1nzer1ably act only in their own self-interest, .
which 1s not always the best interest of the total soc1ety. Application. - ot
. &f the concept of need enables publlc officials to decide'ypon the kind aﬂl
samount of services, such as education, national defense, pollce and fire pro-
tection, and highways, which they ‘believe will best sérve the general public.
Society's need for educational’ services for handlcepped children, for )
example, may be far greater than the prlvate demand . for such service as re-
flected by ‘the markeb. , Because educational services for handicapped children
often are very expen51ve, the parents of handlcapped children frequently are
‘not in a financial p051t10h to buy the services. Public officials, however;
. may décide that the geheral welfare of society will best, be sexrved by appro-
priating public funds to provide special education services' for handicapped
,.:;*‘Chlldren. In this way the concept of nded rather than the concept of demand
n\ff.w is employed to determine the level of goods and gervices provided through ' “
< ‘the publié sector of the economy. : :

- .
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o E[)UQATION AS-A MERIT GOOD o “

Muearave (1959, pp. 6- 15) distinguished between two classes of goods
wh1ch‘typ1cally are prowvidéd through the economy S public sectorr-soc1al °
gqods ana merit goods. He defines social goods as tHose which by their 6ery
nature cannot be supplled effectivély by the market because‘they are equally.
.available tor all persons whether or not they pay for them. Natlonal defense °
- and the judicial system are examples of social goodsu Merit goods are de-
fined as those goods which could be provided through the market but are
thought to be so 1mportant to so society that their provision cannot be left
ent1rely to the* unenlightened self-interest.of 1nd1v1dual corisumers. Educa-
tion is a prime example.of a m%rlt good. The malntenance of an educational
system in which all citizens have free access to at least a mlnlmum level of ‘-.
education is thought to be vital® to democragic self-government Therefore, ’
education is prov1ded primarily through the publlc sector and financed pri-

_ marily throught the publig budget. .o

Another reason exists for financing education’” through the_publlc sectpr.
Whlle education y1elds direct benefits to. students and their families (as 1n *
1ncreased earning potential), it fs also believel to yield benefits to the’,
communlty and to soc1ety at large (for example in the' form of 1ncreased pro-
‘ductivity and lower welfare costs). Benefits that accrue d1rectly to students

B .
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are termed 1nternal or private benefits; those that accrue to others in
socrety are termed external or social benefits. Externalities (external
costs or benefits) arise when goode‘or servigces e}ther confer benefits or

. impose costs on persons other than the consumer or, the producer. Education
is generally thought to be characterlzed by substantlal externalltles be-
cause it affects so many people who do not buy dt, d1rectly.

The 1mportance of external benefits lies in the fact that private deci-

sions concerning whether or not to puychase education will be evaluate%'al—

* most entirely on ‘the basis of internal benefits, those benefltsfgalned ®
directly by students or their families. If education were supplled only

based solely on the. anticipated direct. benefits to the student and would dis-
¢ _regard any external benefits which may be realized’ by society.
While it is difficult to place a precise value on the social beriefits. «
assoc1ated,w1th educatlon, they are not 1n51gn1f1cant. The social, benefits
of education 1ncLude greater flexibility-and adaptability of' the labor force
which, in turn, enhance our capability to develop and apply technological im-
provements. Education is a majoy instrument prometing equality of opportunity
in society and 1is _generally recognized as a requi$ite\for successful democratic
self-government. Negative externalities, such as hlgher urremployment and
-crime rates, may result from lack of education.
) " The external benefits associated with education provide a- persua51ve .
' case for public support of education. As we have noted, externalities are
' not’/ considered in private investment decisions and, because they are ignored,
the optimal allocation of resources to education by spciety would not be

financing of educatlon, then, provides a mechanism for giving due considera-
tion to gducation's external benefits in the process of allocating resources.
It should be emphasized that there is no economic reason why education <
. could not be supplied entirer through the private sector. Consumers (house-
holds) could purchase educatlon from privately operated schools just as they
3 now purchase many other goods and services. However, the’ amount of educatlong—~
’ which would be purchased in ,thé market by households prpbably would be con-
sideribly less ‘than opti in terms'of the ‘general wélfare of society. Thus,

for edytation if *ifN\cofild be purchased only in the markef dt full cosﬁ;and the
total amount of moneyexpended for education in' the private and public sectors °
combined may be viewed as a .form of public subsidy. The purpose'of this sub-
sidy is to ensure that at least a minimal ‘level of educational oﬁqutunlty
is provided te—all childrén. ! e
It is important to note that in the p:lvate sector the supply.of goods
Or services is termined by the market which, at least theoretically, w&ll
- gerve to "weed out" inefficient producers, i.e., those whose cost of produtc- '
tion exceeds the going price of the goods ox services. - In the public sector,
. on the other hand, supply is determined by the operation of a politiéal
decision-making process, not by the operatlon of the market. Thus, in the
_public séctor, there is no mechanism to ensnre that goods and serv1ces are
provided in tht most efficient possible manner. The lack of a mechanism to o
automatlcally "weed put', inefficient programs undoubtedly is one reason for
the growing interest in }he evaluation of programs ih the public sector.
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Ehroudh the prlvate sector,” the decision to invest-in education wonld be Ce—_—

achieved if education, were prgv:.ded only through the private sector. Public \
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EDUCATION AND THE CONCEPT OF HUMAN CAPITAL

The "conicept .of human capltal is ng_ of{the idea fhat the skills and

b knowledge possessed Ry people are, in fact, resources  and that these resources

represent a very important part of the stock of capifal availgble-to society.-

From an economic 'viewpoint, capital is characterié;&xby its ability to generate

future satisfactions, future earnings, or both. Education qualifies for con-

sideration as capital just as land, industrial giénts dr coal mines do be-

cause education has the ability to generate future satisfaction and futuré-in-

come. Viewed in this way, the economic valye of educatlon can be expressed as

a function of the income stream t a,given level of education is able to =

generate. - »
. When education is viewed as“/a form of capital, dec1sions with respect to
- R education, whethe€? made by student, a household, Qr publfic or private
) agenc1es, are dealt with as 1nvestment decisions and are based on the relative
rates 'of return available‘to alternatlée investment opportunltles. Eduoatlon
is viewed as one component in the total stock of capital.  Investment decisions .
.abqut education follow the rules which guide other investment decisions. Thus,
additional investment in education occurs only if the rate of return from the
investment equals or exceeds the rate of return available from alternative in-
vestments.l .

Economists have developed a number of  analytic tools to evaluate alterna-
tive investment oppoftunities., Although these tools were devised to evaluate
alternative #nvestmerfts in physical capital, they also can be applled to. -
analyze costs and benefits associated with human capital. Two of the primary
procedures used are present value analy51s and-analysis~of internal rate of °

return, - !
. ~ L ‘
PRESENF VALUE ANALYSIS ~ . : Pt

. the' financial benefits'which ac a result of that education are derlved .
. over another period of time. To cilitate comparlson of a étream of 1nvest-
. ment and a stream of 1ncome, it is useful to reduce both streams to a base N
year valud. This is th&-basis for present value .analysis. As Thomaé (1971, »
P. 22) noted: . ; .
* . : 3 .
' Present value analysis consists 4f using compound interest and. ;
g . compound dlscount procedures to reduce a stream of cost and é » -
. -Astream of income to their value at a given base year. A dollar '
) received todaylcould ‘be invested to yield interest; if that
. 1nterest is. alfowed to accumulate, today's dollar wlll increase
' at a compound rate of interest. Byt this also lmplles that a
‘guaranteed payment of one dollar in ten years time 1s eqplvalent
* to a smaller amount of money today.

\ ’ v

. " R P .
s ( . - -
! : The costs of obtaining educat}o are incurred over one period of time; .
ue

' \ " -
: e S .

LN ’ - ~ e
1 further explication of this topic see Schultz, 1970, pp. 29-57.
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Thus, an investment would be undertaken. if

* ten’ yedrs in the future can be expressed by the formula =1

. General;z-

) ()10 .
ing, the Present value of an income stream of Y dollars per year for n years
beginning with year t! can be expressel by the formula: .

/oL TR b -
2 t=n - [ .
/l . . Vo(Y)_—,Z _Lt.a . . )

T - ct=l (1+i)° - .

N . . . v
Similarly,1the present value of a stream of cost iQ the améunt of X dollars "'

. per ye;rkcan'b expressed by the.equation: !

-

) Pl \ - ~
Using this approach, investment in education ocEQrs if the present value of the-,
additional benefits associated with an increment of education is greater than
the present value of the additional cost incurred in obtaiging th¥t %hcrement.

K

d "
. °t"—’n t=n . ' P
; Vo(Y)-Vo(X) = ), ° Lt ) X_tt » 0. )
S T t=l (14i) | t=l (14i) .

p Obviously, the choice of the distount rate to be applied is critical in
determining wggEher or not additional investment s4in education ‘should be
undertaken., 1 choice of the appropriate discount rate. is essentially a
subjective decisipon. If the desire is.to receive income as soon as possible,
a hiéh discount rate will he utilized, thus reduqing the preseﬂ% value of a_
future income stream. If, on the other hand, one is willing to defer receipt -
of income, a lower discount rate will be used, -thus increasing the present
value of a«future income stream. In determining the appropriate discount
rate, such factors as the time preference of the individual, rates of return
available on other investments, and the interest-rate one must pay on borrowed
funds are considered. N

- ~ . » : 2 ) *
RATE OF RETURN ANALYSIS * P L .
. ' « . .
The intérn;l rate of return is that rate which equates the present value
of the investment to zero, as shown by the following equation: -
’ - . o T R ’ .
‘ ten t=n _ , . p .
Vo(Y)-Vo(X) = z: Y*tt . —x—t'g = 0.
- | =1+t = et | A

As stated-by Thomas (1971, p. 24), "The decision rule is that'individuals - (or
social groups)*should continue to invest as long as the rate of return e ceeds
that’ obtainable from other alternatives which are considered," ' x}y

. - * -
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Présen@‘value analy51s and rate’ of return analysis can prov1de useful
1nfo;matlon to pollcy-makers concerning macro—level pollqy decisions. .That
. 15, i€ is possible to evaluate returns to additional investments in eddcatlon
\&i compared w1th.returqs to addltlonal investments in other areas, such as publlc
]

health, highways, qr'flood control’ Information obtained from present value
or, rate of return analysis can<also be pf use to individuals considering whether

. . . they .should in¥est in addltional increfn nts of educatlon in comparison with :
) other 1nvestment opportunltles., v < '
These technlques do not, howev , provide guidance or direction with
. regard to questions concerning how.tQ most efficiently use resources allocated
- s to education. That is, they are ‘not particularly useful in micro-economic

analyses dealing with the queﬁtion‘of‘how'to maximize productivity of re-
sources devoted to eduéation ohce,a level of investment has been determined.
3 T . 4

#
ha N

EFFICIENCY AND PRODUCTIVITY IN EDUCATION ﬂ R o
: \ : '
In the rémainder of this paper we ghall be conCerned with the broad'issue
of optimization. That is, hOW’qan the ' resources ‘allocated to education by
society be most efficiently used? We assume that the level of publig in-
vestmerit in education will conélnue to be determined through_the polltlcal oo
dec151on-mak1ng process. We also assume that individuals -will continue “to
. - make their own decisions with regard to whether or not- they will invest in v
addltlonal increments of educatlon. “Thus, the level of resources(avallable
for education will be.d function f both public and private decisions. leen
+ . any eétablished level of inves nt, the question.confronting educatof% is how
) to use available resources most efflcaently, i. €., how—to maxlmlze the de51red
. \outputs of the educationa® process from a given level of resource 1nput. . .
" Although input-output, cost-penefit, and cost-effectiveéness analyseés have
%@en unde'rtaken in the field of education, the studies in which these tools
have been employed generally have utilized data aggregated at a relatively -
hrgh organlzatlodgl level, sych as a d&hool<system" a state, or even the ., ¢’
"nation.. We shall be particularly interested in examinihg the application of
. - these’ tools\in dealing with questlons of’ sub~optimization. That is, we. are -
interested in the possibility of’ u51ng more discrete un1t$ gf analysis’ in an o
attempt to deal with questions concerrming the most eff1c1ent resource alloca-
tion for individual schools or groups of students possesslﬁ§ gpec1£1ed .
. characterretlcs. We are concerned that desp1te widespread recognition that
each student is a unique individual, previous analyses ‘have treated students
as 1f they were interchangeable units. We aIls® are céncerned that the practlde
of aggregatlng data at a school district level inevitably destroys the richness
of detail and variability observed. when individual students are the basis for
analysis. We believe that focusing upon sub-optimization ih the use of resources
holds greater promise in providing useful information to school lével decision ‘
makers. In fact, we are inclined tb believe that full optlmlzatlon in the
. utilization ef, resources allocated tq education cam only be. achieved through .
, succe551ve ap toxlmations based on sub—optlmlzation of productivity at spec1—
fic educational levels or for specific target groups.-

. . .
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SCHOOL PRODUCTIVITY--RELATED RESEARCH FINDINGS. / A

- LN , ' .
- e Nugzzzcg\studies‘of school productivity and effectiveness have been i
conducted ,over the past .fifty years, The initial "cost-quality studies" ‘con- .
- ducted by 'Mort and others examined gross relationships between aggredage
.levels of educagional expenditures and various measures of school processes
and outcomes (Mort,. Reusser, and Polley, 1960). While these early studies
consistently demonstrated that high expenditure.schools were more effective
xQén low expenditure schools in terms of the cEiterion variégies employed,
they 'did not reveal which school inputs have the greatest impact on student .
\ learning or even which resources make a difference. In short, the studies
provided little, if any, direction with regard to how to allocate available
school'resourbe§ effectively and efficiently. T .o
Over the last'%ho\décades a variety of medsures assumed to represent
proxies for inputs to educatignal processes have been used in an attempt to
. determine school effectiveness. In one of the first input-output analyses,
Mollenkopf and Meivil%e (¥056), surveyed a sample of ‘approximately 9,500 ninth
. -grade students in 100.schools and 8,400 twelfth grade students im 106 schools.
. The researchers used questig§naires completed by school principals to develop

' o

-

.an initidl list of 34 indepepdent measures, including variables such as the .
nature of school facilities, \the degree level of the principal, the number of-
special staff, the pupil/teacher ratio, a drop-out index, and the average |
teacher salary.* Student scores on seven different aptitude and achievem®¥t

tests were usedcas depéendent measures. Attempting to cbqtrol statistica}ly for .
socioceconomic factors (such as occupation’ of .father, size of community, and per-
-centage pf support from state aid) and employing stepwise mulg}ple regression - )
techniques, the authors obtained significant relationships between” their . .
measares of student achievement and (1) per pupil instructional expendituyes, s
(2) number of special staff, elqg:, school psychologist, reading specialist,
4 and guidance counselor, (3) average class size, (4) pupil/teacher ratio, and

(5) percentage of the school's graduates entering college, .

Y

°
S

T ‘Three years later Goodman (1959) conducted the Quality Measurement .Pro-"
ject (QMP) which analyzed a sample oﬁ 70,000  sevgnth and eleventh grade students
"~ ’drawn from 102 school districts in New.York's ~  After controlling for °~ |

socioggonomié faétor§1’Gbpdman found a significant relationship between the .

achievement of seventh gr'ﬁé students and (1) per pupil instructional rexpen-- '
,’ditures and (2) number ofkspecial staff per 1,000 students. _At.the same’ time, -
. two additional. factors were linked to student performance-Tteacher experience -
. {number of teachefs in a district with five or more years as glasSroom instruc- ’

« _ tor) and "classroom atmospheféf‘(an observational rating atté%pting to measure

the degree to which a teacher was student oriented). Reinforcing the findings

of the earlier Mollenkopf-Melville wdsk, the QMP study also suggested that

certain attributds of school personnel are -likely to plax an important‘role‘

* .

- Ein the learning process. -

\‘l.‘ N R i . , - 1 ) . . .
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Thomas (1962) utilized 'Project TALENT information? and 1960 census data
to examine thé impact of a large number of home, school, and community vari-
ables on student achievement. Thomas' sample consisted of tenth and twelfth

_grade students from 206 high schools in communities with populations between
2,500 and 25,000. The schools were scattered among 46 states. Using stepwise

multiple regression .techniques, he found statlstlcally significant relatiqn-

experience, and (3) number of volumes.in

ships between student achievement and (lZ{beglnnlng teacher salaries, j2) teacher °
h

e school library.

Benson (1965) conducted an extensivé study of California's o;gllc schools
in 1964\ Data were obtained fram thé 1960 gerisus as well as from statewide -
and school district records to study a sample of fifth grade students in 249 ¢
school districts. The sample was divided into three groups based on distri
size (number of students in average daily attendance). Benson reported th

-teacher sdlaries and per pupil instructional expenditures were significantly

rélated to student achievement (as reflected by test scores in readlng and
mathematics).. In addition, Benson found .that in the middle-sized districts
(2,000 to A 500 pupils), the salaries of administrators were associated posi-
tively w1t@.student achievement. N ) o

At same time that Benson was conducting his study in California,
Kiesling (1967) was re-examining data collected earlier in the New York QMP
$tudy. As in the Benson study, the QMP w®rk utilized data aggregated by
school districts rather than individual schools as the unit of analysis. .
Kiesling also found that |per pupil expe \itures were associated positively
with student performance] .The relatlons'lp was quite stronglln utban school
districts but weak in runal school districts. ‘'Kiesling observed that an
additional expenditure of $lOO was associated with 2.6 months of achievement
gain at the low end of the expenditure range and with 1. ‘4 months at the high
end of the range.: In addition, Kiesling found that school district size and
student perfo ce were not related. .

The EquaiTig of Educational-dbportunity {EEO)study, pbpularly known- as
the Coleman ReporH (Coleman, -1966) , was the first l ge=scale input-output
sﬁrvey of the nation's schools. his landmark study surveyed 645,000
students at various grade leve in 3, 100 schools. Input measures con- :
sisted of 93 variables grouped into four major blocks—-hcme background
factors, teacher characteristics, stuQent-body variables, and school facility
and curriculum measures. Scores on standardlzed achievement tests served as
eutput measures, ,

The research by Coleman and his coIleagues hlghllghted the ngq;flcance
of ‘the relationship between socioeconomic milieu of the school and student
performance. Home background factors were clearly the most important group
of variables explaining variance in achiévement levels *for all four major sub-
groups of students--southern and northern blacks_énd‘southern,and northern
whites. Student-body characteristics, e.d., plans to attend college, school .
attendance, and racial composition, were the second most important group of
variables explalnlng variance, particularly in the achievement of minority
students. - Of the School-relatfd variables, none of which acecounted for a

A LN

2PrOJect TALENT surveyed a* natlonw1de-sample of approxlmately 300,000 students'

in almost l 000 high schools in 1960. Thése students provided detalled in-
formation about themselves and atso completed aptitude, ability,’ achlevement,
and interest tests. For additional information regarding this natidnal data

bank, see Flanagan,,Dav1s://g;ley, Shaycoft, Orr, dherg, and Neyman, 1964,
.and Shaycoft, 19573\ . :
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large amount of .variation in achievement, teacheér characteristics.had’the
greatest 1mpact, once‘agaln affecting minority students mos¢ .
To say that these fJ.nd:Lngs generated considerable controversy would be .
- an understatement Many researchers_were unw1lling to_accept the prop051tion
that school resoprces had little or no’effect on academic achievement. Critics
‘of Coleman's work suggested that the relationshlp between school resources .and
academic achievement had been substantlally understated because of defectlve
measurement of school resources inadequate control for social background,
and 1nappropr1ate statistical techniques.3 The quallty of the Coleman data -
., was questloned, particularly because of the apparently high gorrelgtion
between fampily background factors and school resources. Because of this joint
varlance, the explanatory power of:school variables was drastically reduced - *
51mply because environmental varlables were enteréd into the regression f1rst. -
A number of Xesearchers have re-analyzed the EEO data and, although ham-
pered by limitations of the original data, have .been able to clarlfy some of
the problems involyed in applying the production function concept to the
learnlng process. In one of the first re-analyses, 3anushek (1968) developed -
a conceptual model to estimate educational production ‘functions for black and E A
white sixth graders in northern metropolitan schools. The results of Hanushek's’
estimations disclosed thateteacher characteristics, such -as verbal ability and
years of experience, were significantly related to stud%nt achievement. Thi
finding was of particular interest since the Coleman data on school .variable
permitted an investigation of 1nterEchool varlance in achlevement only and not

.-

intraschool variance which was consliderably’ larger. - . e
Bowles (1970) presenféd a comprehensive-treatment of educational pr&duc-
“tion functions in his re-analysis of ‘a subset of the Coleman data consisting
ofs twelfth grade black male students. Bowles' work reaffirmed the importance
of teacher characterlstqcs and sﬁégested that certain other se¢hool inputs were
important. These other school factors inclu the average amount of time a -
teacher spent in guldance activities amd the number of day5 a school was in
session during the School year.- Bowles argued that student characteristicse
such as attitude and motlvatlon can be viewed as.eithet inputs to-or outpéts
of the learning process. He then developed a model involving the solution of '
a set of simultanedus equations to determlne the ;elatlve effects of the-
related variables. - @ 1 .
Also utélizing the EED data, Levin (1970a) examined a sample of 600 whlte c .
sixth grade sfudents drawn from 36 schools in a .large northeastern city. Levin -
obtalned statlstlcally significant relationships betweentstudent achievement,
teacher experience, and quality of undergraduate 1nst1tutlons attended by, '
teachers. Levin also pointed out that some factors affectlng stuﬂent achleve—
ment are’ at the same time affected by achievement. To lnvestlgate‘fhls ‘inter-
active’ process, Levin developed a conceptual mo%el tozlllustrate ghe inter-

'S

', dependente of student achievement, student motitation, Student efflcacy, and

parental attitudes. He also presented a methodology for solv1ng the complex
- system of 51multaneous equations that dlffers from the'techﬂlque employed by
Bowles. . ~ /

v td
. [N

3See, for example, Bowles and Levin, 1968a, pp. 3—24 Also see Bowles and Levin,
1968b, pp. 393-400. For a comprehensive critique of the Coleman Report, see
Mosteller and Moynihan, 1972. . k\ “ 7
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Burkhead and his coliéagues (1967)'examined"input-output’relationships
in public secondary sghools of two large—c1ty systems. THeir sample includedl
. 39 Chicago schools enrolling approximately 90,000 students and 22gAtlanta ;‘
schools enrolling about 19,000\ students. The researchers used data obtained
from the L960 census and from the two school districts to conduct separate’
analyses for each city. 1In additlon, they compared the major findings in
tbese two cities with a- sample of 177 public high schools located in smaller ..
communities. Information ©n these latter -schools was drawn from the Progect
TALENT data bank. ) . : ~ - . v
Similar ,(but.not identical) independent and depen&ent measures were used
for each of the three subsamples. The authors con51dered the’ impact of .
variables such’as median family income, average daily attefidance (ADA), age
of school building, teacher exper¥ence, %nd per pup11 exgenditure on school‘
outputs such as achievement scores, number of dropouts, ande<students' post-
high school intentions. In Chicago, highex family inecome levels _and newer

school bu11d1ngs were associated with lower dropout rates. Fanlly income < .
was -also found to be associated with IQ and reading scores. Of the school . -~
varlables, only teacher experience was related to student reading scores. /

* For the Atlanta schools, family income was ag&in related to dropout rate and- ’ .~

achlevement scores. In addition, a low rate of teacher turnover was positively )

associated with higher test scores. For the high schools in smaller communities,,

the authors reported a relationship between reading. scofes and (1) famliy in- e

come, (2) age of school building, (3) teacher experlence, and (4) beglnnlng

teacher .salary. o :
Several: input-output studies in individual states oXe;school. dlstr{gts were

; published 1n 1968. Katzman (X968) used cross-sectlonal data from 56/cjementary

e
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schoQls in'Boston to examine the 1mportance of home background factors and “
school variables in explaining change in student achievement .between second
and sixth grade. Using a stepwisSe multiple regre551on technique, stat;stlcally
51gn1f1cant relatlonshlps were obtained between galns in reading- scores and the
percentage of students in noncrowded classrooms, the number of students in the
éftendance area, and the percentage of teachers with 1-1 0*years of teachlng
experience. In addition to providing further evidence that” teachers affect ' ..
pupil performance,'Katzman also pioneered the use of several measures -of
school output in his study, including such.aoncognltave outcome indiccators
as school "holdlng powér" and student "aspirations.". «

Cohn (1968) investigated input-dutput relat;onships in 377 puhilc.Klgh
school districts in Iowa. He utilized data from the Iowa State Departmeht of
Public Instruction to examine possible economies of scale in school district . .
operations. An attempt wag made to control statlstlcally for geographic and .
population differences with'a ‘set of eight school district variables serving -
as the input measure. The output measure was based on the gain in student
achievement "scores between tenth and twelfth grades. Employlng multiple re-'
gression techniques;_ Cohn found ‘that higher teacher salaries and fewer dif- )
ferent teaching assignments were associated with larger growth increments in ‘
test. scores. Cohn also estimated the optimal school size for Iowa to be abqut
1,500 students in ADA. \

In a_ similar study, Raymond (1968) examined the quality'of schOolrng in
 West Vlrglnla. Raymond's sample consisted of approximately 5,000 students
who "entdred West. Virginia University between 1963 and 1966.. These student§¢ .
.represented_49 county school dlstricts in West virglnla. The inputs’ 1nc1uded o
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.+ five populationscharacteristics, ¥our school variables, and six AEEZZ’ZQI&ry
variables. Output measures c3h515ted of freshman~g§gg$’pnag5/€5§::ges and
" American CollegedTESt scores. After grouplng students by counties, ~Raymond o -
talned a 51gn1flcﬁnt relationship between a student's freshman performance and
teacher salaries. Raymond further reported that the average salary for elemen-.

-tary teachers appeared to have a stronger effect on student performance than

‘did the average salaty for secondary teachers. ‘ 5
K Ribich (1968) also conducted a study wusing data from ‘several sources, in-
cluding Project TALENT. The researcher examined the relatio ip between ex-—

. penditures per pupil and the aéhlevement levels of approx1ma ly 6,300 twelfth
grade male students who Yanked in the lowest quintile on mefdurés of socio-
economic status. The effect of increases in school expendftures on test per-
formance was greatest at "the lower end of the expengditure 'ange. ‘Ribich (}968,
p. 87) observed that, "The apparent power of increased expenditures to imprbve #

.performance dlmlnlshesﬁproqre551vely with each successive xpendltuxe level."

The following yeaf Kiesling (1969) 1nvest1gated the frelationship of schdol
inputs to schopl performance in 97 school “districts in New York State. Kiesllng
utilized school district records to ¢ompile the necessary school resource and

- " family background data. @A set of 17 independent-variables included teacher/
pupil ratio, median teacher salary, ADA, and. school. property valuations per
pupil. The dependent measure consisted of sixth grade: achievement test séores.
The sample was divided into five subgroups based on the family- "breadw1nner s"
occupatlon. School districts were divided into urban and'nonurban categorles.
*.The occupation index was 51gn1f1cantly related to student achievement for all
subgroupe n both the urban and nonurban categories. Most of the hssoc1atlons
between achievement and per pupll expenditures in theé urban digtri cts were
negative. Per pupil expenditures did not appear to.have a 51gn1f1cant effect.

. in the nonurban districts. A

In another study Kiesling (1970) ﬁnvestlgated the Eelatlonshlpnof several
school and community characterlstlcs to student achievement in a sample of
fifth and eighth grade puplls in 86" school districts in' New York State. School
data were obtained from the Basic Educational Data System (BEDSY which was .
estahlished in New York in 1967 to collect detailed information on the state s
school system. The varlah lized and the analyses condqcted were similar,
to thpse employed,in hi's prev1o study. KieSling reported thHat the amount of

‘ school resources devoted%to cent¥al admi istration and Superv151on was most con-
sistently related to pupil achievement. Qin addition, the lewel of teacher’
certification, especially,at the fifth grade level, -@nd the number of stadents

. per classroom were also gfelated positively to student achievement.:

Guthrie ‘and 'his co leagues (1971) conducted 3 study in Michigan in which
they.examined three resdarch propositions 1nvctw1ng the, reiatlonshaps between
(1) socioecopomic status\Qf puplls and school services, (2)° schdol;services and
pupil achievement, and (3) pupil achlevement and (post~school opportunity. These

* -, researchers relied upon the "Thomas Report" (Thomas, 1968) as their primary i
source of information. A random sample consisting of 52 unified school dis-
tricts plus the Detroitr School District was drawn. ThlS sample was supplemenhted
with information collected in ™4 Michigan’ school dlstrlcts for f){: EEO study in
"1966. ‘Data from the Thomas study- were used to make comparisons of school .

. quality between s¢hool districts. EEO+data were used to make comparisons
_betweén individual schools. e -
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’ Th 1ndependent measures 1ncluded>four related -to school facilltles, Gne
related to instructional materials, five related to teacher characteristics,
.and four related to student characteristics. Measures of pupil performance in-
cnuded pupil test scores of reading ablllty, mathematics ﬁnderstandlng, and’ ,/
verbal facility. To control for socloeconomlc status (SES), the researchers
d1v1ded the 5,284 sixth grade students into“ lO subgroups baséd on occupation-~
educatlon index scores. They ’:hen calculated a rank order correlation coeffi-
cient between the school 'input variables and student test scores within each
SES decile.’ Several, variables, 1nclud1ng bulldlng age, library volumes per
student, school enrollment, classrooms pef\l 000 Students, teacher attitudes,
and teacher verbal ability, were related;at“a statistically 51gn1f1cant level
for at”least half of the socloecqnomld'groups,and the vérbal test scores.

All of these résearchers were confronted ‘with difficult methodologlcal
problems In addition to the:problems involved in satisfying the assumptlon§
underlylng the praduction function itself, the complexity of the school, setting
and the learning precess further complicate any research effort. First, the
natural school setting itself presents formidable.obstacles. Unlike the convr
trolled laboratory experiment, e ‘school setting does not give researchers ,an
opportunity to carefully'contro and manlpulate variables to determlne the rela-
tive. impact of specific inputs. ' Students, for example, rarely can be randomly
assigned to different school treatments. leferenc in classroom conditions,

a diversity of teach1ng styles, teacher turnoVer, sttdent mobility, and the like
serve to confound any analy51s. §

Second, the absence of a well-develerd theory of learning greatly com-_
plicates the” research task. The specification of a production function for
the 1 1ngﬁprocess-4fﬁe relationships between the identified educatlonal- .
inputs¥and outputs--must therefore be based largely on intuition. To 1llustrate .
the problem$ involved, Luetke and McGinn. (1975§ * specgified several sets of causal
relationships between and among several types *of input Varlables~~faﬁily, school,
and teachers. The authors used a computer simulation model to generéte data
sets characterlstlc of thosﬁ relied upon_in the prev1ously described stud1es:.

They then examlned the results obtained uding different kinds of aggregation pro-
cedures and regre551on analyses. They concluded that, because of the 'complexity

of the }nteractlons, they were unable to obtain consistently reliable estimates

of the predetermined causal relationships; i.e., those relationships built into

the datas/sets. Thus, they suggested that some of the "no significant effect" T
findings wh1ch'hgve been reported mlght be a product of the statlstlcal technlh
ques .employed.

‘Third, most researchers have been hampereijy the 139; of dlsaggregated

data. en ‘measures of Centsal tendency, e.g., 8chool or system averages, are
used d4s measures.of input or output, the true :impact of specific school re-
sources i¢ nearly always disquised.’ If, for example, experienced teachers
are effective with high ablllty students but ineffective with low-ability °
students, -an analysis } basedlon mean ‘Scores. is likely to disclose go effect.
ﬁata on 1nd;v1dual students and teachers withfh the same classrodg" d schools
7 are badly needed.

Recent studies in Phlladelphla and New Haven have attempted to overc
ome- of the problems inherent in th& use of aggregated data. Summers and Wolfe‘
{1975) conducted agf in-depth analysis in the Philadelphia public. schoolssystem ..
u51ng'longltud1nal data ta.study the academlc progress of approxlmately 2,000
students at various grade levels in 150 differéntvschools. . Data were relaﬁed to
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. .. the achievement growth-of individual pupils betw the end,of the third and ..
' the six®h grades, the sj and eighth grades, and the ninth and N

twelfth,grades. \ N
Socioeconomic factors énd specific sghool resources wertha;efullx"ied to data A
on individual pupils. L PR

Based on multiple regression analysel. 5f the data at each level of-school-
ing examined, the authors concluded'that school inputs, such as teachers and ‘.
class size, and school climate variables, such as racial cqmposition, achieve~

ment mixture, and disruptive incidénces, .did influence student achievement. All/’t T

--types of,students *(black, white, low achievers, and high achieévers) sj all
grade levels scored higher in achievement the more days they attended school. | -~
Likewise, all types of elementary students learnéd more in schools in which ~,
. 40 to g0 percent of the  student body was black and in schools with a-larger '
percentage of high achievers. Elementary school students also’ did better® in . .

smaller classes and with teachers who were graduates of higher-rated cdlleges.,

Junior high school students learned more in sghools which were part of an

’elementary school and in schools in which there were more high achievers. These

students also did better with teachers who graduated from higher-rated colleges

and with mathematics teachers who were tiained in the post-§putnik, new math era.

In general, 'senior high schobl students displayed greater achievement in smailer
¥ schools and, in schools with fewer dropouts.

In addition, Summers and Wolfe found that pecific types of students can __:
ebe helped even more jif particular®types of reSoStces are targeted’°to them. '
,Black students,  fo ample, appeared to do bettér in the smaller elementary

schools and in junior-high schools with larger black populations. Lew-achieving
elementa%y'$tudents did better with relatively less experienced teachers, in
‘smallex classes, and in schools with alore high achievers. Low-achieving junior
- high students did better with relatively less experienced English teachers and ..
inSchdols with more high achievers. ‘High achievers, however, did better with -
more . exper ienced ‘teachers, ’ ' o . ot s s
Murnane (1975) conducted én input-output analysis to invéstigate the impact .~ .\
of school resources,'eséeci;T§7’teachers, on the cdgnitive achievement of inner- .
’city'children in New Haven, Gonnecticut. The sample consisted oﬁ&g?S black -
children in 15 elementagy'schools. Data were available over -ai two-year period -
“{Second and third grades) for one group of.childr%n and over .a ore-year period ~ *
(third grade) for another group. The data base wg; divided into-three sub- .
groups. Each subgroup was followed over the period of one school year., As in |
the Philadelphia study, the studerits in the sample were systematically matched |
with individual census blocks. K
.After examihing the effect of the’classroom as a whble on the achievement
of children, Murnane concluded that there are important differences in the R
amount of learning that occurs in differeht tlassrooms withint the same school
and among different schools. The effects of several classroom-related vari-d)
ables, such as teacher, peer group, and student turnover, were carefully con
sidereq. After determining that teachers exerted a critical impact on student
achievement, Mirnane explored the relatidnship between specific teacher charac-
. teristics and teacher effectiveness in math and reading instruction with certain
types of pupils. . .- < : )

Based on results gained by regression analysis techniques, Murnane re—
ported that ckgrdound factors and previous experiences_had a“greater influence
upon- student reading achieyement than upon mdth achievement. DiFferences in L

the quality of classroom environments were “found to exert a greater effect on -~
A
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student math achievement than on reading achievement. Murnane also found Ehat

black teachers with less thard six years 'of experience weré more effective in

teaching reading to black children than were white teachers with,similar .

teaching experience. At the same ‘time, a high rate of student turngver in a .

class was found to have an adverse effect omr children's readlng achievement,
«Particularly on the progress of high ach;evers.-a¢ .

By u51n§ disaggregated data, both of these studies’ revealed 1mportant
findings. Many school resources affect different typés of students in dff-
ferent ways; few school resburcés con51stently effect all students «equally.
Clearly, an important aspect of the educational prdcess is the unique inter-,.
action that takes place between certain types of school resources and certaln
types of students. Low achieving students, fBr example, appeatr to learn more’
with relatively inexperienc¢ed teachers whlle hlgh achieving students seem to
learn more w1th‘exper1enced teachers. Small classes apparently h&lp low
achleéers but are not partlcularly important for average or plgh achievers.
Only research which focuseé on individual students within specific instruc-

tional seﬁtlngs can offer insights into these extremely complex 1nteract1ve
relatlonshlps . .

- ’ -
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. As dlscussed prev1ously, the systems.approacl’ has heen used in the quest
.for efﬁ;c1ency and product1v1ty in educational organizations. A well-conceived
P n1ng-programmlng—budgetmng system (PPBS) may be viewed as an operational ap-
plication of systems analysis. In general, a PPBS would include as a minimum
the following procedures: (1) specifying the objectives, .(2) identifying alter-
native programs to achieve the. specified objectives, (3) estimating as accurately
as possible the costs and benefits associated with each of the alternative
courses of action, (4) seiectzng one or more programs to ymplement,\(S) moni-
toring the 1mplemented rrograms and evaluating progress toward attalnment of
speclfled ob]ectlves and (6) feedlng back the results of thé evaluatxon to
modify fthe program/ééd incgease 1t5‘eff1c1ency. v

PPBS stresses strategic plannlng and the role of analy51s li the budgeting

.

‘pmocess Fisher (197la), one of the first writérs on PPBS, s arized the, most

"

salient characteristics of PPBS under three ba51c headlngs. t ’ .
Y 1. gThe, structural aspects of program budgeting.are concerned w1th 7‘
esFabllshlng a set of cateqeries ‘oriented primarily toward
"end product" or,"end objedq¥ive" activities that are- meanlng-
ful from a long-rahge plan 1ng point of view. In such a cop-

"text, emphasis is placed on prov151on for an extended time .

horizon--some five or even ten or mofe years into the future.

. 2. Ana;ytlcal process con51deratlons pertain to various study.
activities conducted as an integral part of the program-
budgeting process. The primary objective of thlS type of ana-
lytical effort is‘to systemaﬁlcal;y examine alternative

- courses of action in terms of utility and cost, with a view
toé clarlfylng the felevant choiceg (and their 1mp11cat10ns)
open to thedecision makers in a certain pgoblem area. - 3 -

*

,

et P

3, Information system consideraﬁlons are almed ate-suppert the -

“firgt two items. There are seVveral senses in whicR this is
1mportant. the primary ones being (1) pr6gress reporting and
. control and (2) providing data and information to QErve as- * '
) a ba31s for the analytical proces%~-espec1ally to facllltate -
the development of estimating relationships that will permit N
/°mak1ng estimates of beneflts and costs of alteérnative future
courses of -action. . <
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+ While emphasizing the-planning function and the ,8ystematic evaluation
. of alternative programs, PPBS alSo.accommodates the -Qther major budgetlng
functions of financ1al ‘and managerlal control. Bud;Qthg systems at federal,
state, and local governmental levels have always consisted of these three basic
¥ functlons but eaéh has been i::ha51zed to a diffefent degree throughout the

‘.

-

last 50 years.,

Schnick (1971) described three successive stages of. budgetary reform at
the federal level in the United States. The first stage began around 1920 with
the Budget and Accountlng Act of -1921.. Throughout the 1920s the budget,was .
viewed basically as an instrument for controlling organizatignal spending and
curbing admlnlstratlve ahuses. Changes in Budgeting practices therefore were -
pr1mar11y concerned‘w;th development of a rellable system of expendlture con-
trol. Characterized by an input orientation,’ the typical budgeting. structure
during this period systematically’ detailed the “objects" of expenditures.

This object-of—expendlture classification scheme, generally called a "line~
item" budget, simpl¥y provided a 1lst1ng of the expense ohjects, such as salaries,
supplies, and equipment.

The second stage of budget reform, according to Schnlck extended from
the mad-1930s to about 1960 and was associated with-the rapid expansion of -
governmental activity during that period. The Scientific management approach
‘to a@ministration strongly influenced budgetlng practices throughout the
1940s. Reflecting this management or1entatlon,‘pudget1ng systems were used
increasingly to assess and 1mprove administrative’ performahce and worker out-
put. Durlng'thls eriod performance standards and work measurement techniques
were introduced d developed. In 1949, the first Hooler Commission advanced
the concept of performance budgeting by recommending that expenditure classi=-
fgcaﬁlons be based upon functions, programs, and act1v1t1es. (In comparison,

+  the management-~oriented functional-object budget delineates ‘broad categories-?
such as administration, salarles, plant operation, plant malntenance, fixed -
charges, capgital outlay, and debt service.)

‘The third stage of budget reform began in ,the early 1960s w1th the 1ntro-

\ductLOn of PPBS. The adoptiep of,PPBS by the Department of Defense (DOD)- in
1961 was preceded by a considerable amount of research by the Rand Corporatron
Fhroughout the 1950s (McKean, 1958;-Hitch & McKean, Q960) Ba51cally concerned
with analyzing the performance of military weapons systems for the DOD, several
economists associated with the Rand Corpor&tlon developed the basic toncepts
and techniques of PPBS. David Novick (1964), .8 Rand economist, edited a . '
series of publications which became the first ‘definitive work on program ’
budgeting. s N ‘

In 1965, President Johnson directed the major civilian agencies of the
federal government to implement PPB.systems similar to the one used in the .
DOD. Influenced by federal budgeting reforms, various state and “local govern-
ments also initiated projects to develop and 1mp1ement program budgetlng
techniques: 1In.1968, at a° time when some school districts were beglnnlng to
‘experiment serlously with PPB systems, Hartley (1968) explored the application
of PPBS cohcepts td education and Beﬂéon (1968) advocated the .use of PPBS in.
education’ to reduce :deficiencies 'in the allocation.of public resources. .A
_ short time later,.the Rand Corporatlon published a éomprehensive report ex- .'
plorzng the potential use of PPBS. concepts and technlques .in educational N
planning (Haggart,. et al., 1969). ot et

The performance budget1ng approach advocated in the 1950s is based upon
concepts drawp’ from thé scientific management movement., It concentrates on
inputs and uses cost accountlng procedures, -In cofitrast, program budgeting -
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is 'hased upon concepts borrowed from systems analysis and economics. It
focuses on outputs and utilizes program accounting techniques. Moré impor-
tantly, while performance budgeting assumes that objectives are fixed, pro-
gram budgeting assumes that obJect1Ves may be variable. 1In a PPBS; then,
systematic analysis of relevant alternatives’can lead to a revised statement
‘of objectives. The program budget becomes, in effect, a policy statement.

A fully*operational PPBS includes multiyear program and -financial plans .
for progectlng future cost 1mpllcatlon§ To’-estimate costs and benefits
over an extended tlme period, BPBS requires an endeproduct classification
system that systematically relates expenditures to designated objectives.
Accordingly, an appropriate program structure must be devised td facilitate

. grouping -of the activities and their associated costs into appropriate cate-
gories "based upon their relationship to oBjectives. Program structures

typicdlly are hierarchical classification’schemes that group an organliat;on s’

activities into programs, subprograms, and program elements. ' A program may be

defined as a set of activities that\functlon together to achieve the same

objectiveds) . . v

Grouplng of budgetary data by programs faciditates the analytlcal Q;o—
cess. While there is no 51ngle "ideal" program structure, classification

schemes should possess certain characteristics. For example, program struc- °

tures should be multidimensiona&, i.e. ,~they should provide for the categoriza~

tion of activitie Y several criteria. Various ¢ross-cutting sets of program

categories may be needed for different analytical purposes. In addition, e

classification schemes should be flexlblat Program categories should be

developed and altered as analytical needs' change. . N

= A number of educational program formats are possible. In the most

common appro ch, the program cost structure is simply based on grade levels.

Programs might include the,kindergarten thxeugh third grades, foQurth throug

sixth grades, seventh and erghth grades, and the Righ school years. 1In a

second approach, programs are based ‘on curricular, areas and costs are appor-

‘tioned to specific curricular areas, such as§ reading, language®irts, mathe-

. matlcs, ‘science, and social’ studles " In a third option, a combination of the
first twoq approaches, program costs are organized by subject matter .and by’
grade levels. Th development .of this kind, of program-accounting scheme,
however, requires access to a sophlstlcated*system for information storage
and' retrieval. .

. Current sc¢hool budgetlng practlces do not reflect widespread acceptance
! of program budgeting techniques. Most school budgets still employ traditional
' classification schemes which empha51ze the flscal control or accountability

‘. espett of the budgeting process. The following major expendlture ccount A
. recommended by ‘the U.S. Office of Education i , are still used ext
sively by school districts today (Reason & Wiite, 1957):

Expenditure Accounts : \
) LN - -
. Administration . “ ‘
"o » Instruction '
a . ) Attendance and health sexvices ) ‘
~, Pupil transportation’ services . »
Pl ) ' . . .
% . ' Plant operation
Plant maintenance
. Fixed charges
’ . Food services and student body act1v1tfés

1
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' Community services L S
. Capital outlay 5 ' -,
: ' Debt service from current funds ¢
\ Outgoing transfer accounts y
R o
ile this accounting, format is useful for fiscal control purposes, tHese —_—
biApad functional categorles do not provide the detailed cogt tinformation
necessary to improve %esource allocation decisions. For '‘example, the largest
budgex cateqory, 1nstrq§tlon, typically includes the following subcategor1es~
7‘-! ‘;V S \ . e ) , ’ . hd ,
. .. Salaries ‘
W, Principals
.\*~_%% +  Consultants or superv1sors ; °
Vo T L, Teachers . . . / Y .
‘ l%” 7 Other instructional staff , ° - - /.ﬁ
a Secretarial and clerical assistants /
T é Oiﬁi{,salarles for 1nstruct10n o R
: Textbooks . ‘@
_School libraries and audiovisual i )
“Teaching supplies
Other expenses (U ) ) 2,
. : < v - i
Clearly, merovements in school budgetlng and accounting prpcedures are
necessary to fac1l;tate systematlc analy51s of resource allocation dec151ons.
Guthrie (1973) shgqested the following format as a more us ful approach to
budgetlng *and aCCOUnt1n§ for the 1nstructlonal function. - - .
LA . Inétructioﬁvaeading *

Developmental reading,’ total -
. Elementary school services
. Personal services ’ 8
Supplies S s #
Capital outlay i ,
Junior-high services - .
: Personal Services T ) '
Supplies % : '
Capital outlay % * . . .
i Senior ‘high sgrvices . ‘ .
Personal services - e
- o Suppliés L
4 '+ Capital outlay - .
) = " Remedial reading, total ete, .
[ . ..‘!"
The above format categorizes expenditures by level of, school progr nd by
type of instryétion offered. By utilizing this type of cost struc:ure, alloca-
tion of fiscal resources is shown in considerably gréater detail. .We emphasize
the importance of preparing such a functionally detailed budget at the indivi-
dual school level, sihce district-wide figures can’ obscuxe the impact of school
resources at the school, classroqm,,and student levels. With this type of cost
1nformat10n, however, educdtional decisiph makers and school administrators are

. nn a much better position.to assess the ‘eost” and effectiveness of spec1fic in-
dtructional programs. . N
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As 1s Often true with innqyatiéns in educatidﬁ,’claims concerninq»the
benefits of PPBS were exaggerated and it has fallen from favor in recent
years, Convegting‘a traditional functional-object- budget into~a muktiyear
“document stressing long-range planning and focusing on operational ohjectives
is a difficult task. PPBS, for instance, rests on the assumption that objec-
- tives can be specified. Yet the specification of objectives invariably in-

volwves value judgments. No PPBS can._resolve the inevitable diéagreegents
which arise concerning the objectives which should. be pursued and the
priorities which should' be assigned: NevertheleSs, PPBS forces decision
makers ,to clarify their values by’identifxing and operationalizing organiza-

tional Sbjectives. Despite its shortcomings, then., PPBS has cdnsiderable «
N utility as a management tool ‘and clearly sets the stage for cost-effectiveness
analyses. * ' -, - * -
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. Systems analysis, .economic theory, ¥nd PPBS aﬁl)emphasize one basic -
notion--the examination of alternative means to achieve given ghds. Cost-"
effectiveness analysis implieS that the, preferred alterrative(s) will be. “~ -
selected on the basis of efficiency criterjia. Characteristic of most cost- . :

' effectiveness definitions is that of Seiler (1969, p..1) who defined cost-
effectiveness analysis -as®a . | ) '

-

v
- ~ .

procedure by which the costs of -alternative means of achieving . ° .
a stated effectiveness, or, converseiy, the effectiveness of : . i
alternative means for a given cost, are compared in a series of

numerical indices. The objective of the analysis is to isolate ‘

the alternative or combination of alternatives that either gives
the greatest. expected effectiveness' for a given expected cost or

a given expected effectiveness for the least expected cost. ) ‘
. 2 . :

v

2
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) Several writers have advocated this;basic.approach for coﬁparing alter-
natives in cost-effectiveness analyéisd ‘Haggart (1969, pp. 152-159), for
examplqp in addressing educational planning, found it useful to hold either
the cost (i.e., budget level), or effectiveness (i.e., student achievement)
constant. In other words, meanipgful comparisons can be made between the cost
of ‘'different alternatives for achieving a prescribed effectiveness level or,
between the effectiveness of .different alebrnatives:for a fixed budget level. .
" There is no sound basis for comparisons,. however, if.theyalternatives differ *
in terms of both cost and effectiveness. Haggart argues. that maximizing the
cost-effectiveness ratio for the sake of the ratio alone can lead to ridiculous
extremes--like zero to infinite cost ‘or zero to infinite effectiveness. <o
To maximize pupil perfd&magcg, educational decision makers are concerngq ° -
with using school resources as effectively as possible. Cost-&ffectiveness - "
analysis is a tool that can assist educational decision makers inychogsiﬁ§
among alternative courses of action as they seek to alfocate resources effi- [‘
_ciently.#"In their discussion.of educational, planning,.Carpenter and Haggart
—(1970, p. 2) indicated that cost-effectiveness ‘analis may be useéd (1). to
help assgss the relative worth of several innovative progrémé_with the same
éducational outcome (such as improvement in readinyg achievement), (2) to
determine whether a sipgle program is becoming more or less effective as
time passes so that steps may be takKen to improve it, if nécessary, or’
(3) "to help assess+the relaﬁive.worth of .the ‘'same program for different
student populations (such as those with differént socioegonomic backgrounds) '
or in different school settings. 7 '
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that most major long—range planning decision problems must ultimately be re-

Folv

Researchers at the Rind Corporation were among the first to examine the
of analysis in the program budgeting context: Fisher and Quade agreed

ed primarily on the basis of intuition and judgment and that the main role

of analysis should be to try to sharpen this intuition and judgment. After
emphasizing that there exist no unlversally accepted procedures or rules for
conducting cost~effectiveness analyses, each researcher descr1bed some basic

characteristics of a sound analysis.

*

Fisher applied the term "cost-utility" to the analytical process invalved

in program budgeting. 'For Fisher, the process of analy51s included the syste-~
matic examination of relevant alternatives, the design of new alternatives,

and

ized the major- attributes of*cost-utility amalysis as{followg:

‘e

effectrVeness analy51s" placed undue empha51s on a single aspect of the decision~

the modification of initially specified objectives. Fisher (1971a) item-

1. The €ssential characteristic is the systematic examination
and comparison_ of alternative courses of action. The courses X {
of action are those which might be taken to achieve spec1f1ed '
obJectlves in some future time périod.

2. “Not only does one consider those releyant alternatives that
are revealed under initial search but dne constantly seeks to .

design new alternatives. . . N
[ 1 . - .
3.. The systematic éxamination of alternatives, both old and new,
' frequently suggests some modification in the obJectlves them-
@ selves. This is to be encouraged..

¢ . N e— -
4. Critical appraisal of alternatives rests mainly on the assess-
ment of costs, botk direct and indirect and in the. future as
well as in the present, and the assessment of gains or bene- <
fits that accrue to each“of the different covrses of action.

'5. while most of the work.is quantita}ive in nature, it should
frequentl& be supplemented by qualitative analysis.

"6. The time perlodsof the analy51s is an extended one. This
creates problems in the treatment of uncertalnty that should -
* be- dealt ‘with-explicitly. - o

. -

,Slmllarlyh_Quade (1971, p. 295) contended that the use of the label “cost-

making process. He argued that'other aspects of a problem are more important
than the comparison of alternatives--"The specification of sensible obJectlves,

the

determination of a satlsfactory way to measure performance, the influence

of cansiderations that cannot be quantified, or the design of better alterna-
tives.™ Quade_s*prlnclples of sound &analysis specified that (1971, pp. 299-

300) ¢

&

-
1.  The right problems must be, tackled, i.e., dEscoverlng the ap-
proprlate objectivesh searching out good criteria for cholce,

and ch0051ng tPe best set of ‘alternatives to compare:, o
\ .

-
[ .




. 2. The analysis must be systems oriented, i.e., finding the
interdependencies~that exist in a system's parts and study-
ing the entire complex system even if it requires intuitive .
judgment. .

L]

- r

3. Uncertainties should'be recognited and an attempt-should be ,
. made to ke them into account evaluating their impact on
the answeYs. ' Answers change ‘in reségzse to changes in assump-
tions and/estimates. o : ’
4. The agalysis should attempt to discover new -akternatives as
well as to improve the obvious ones. Q\J '
5. The analysis should strive to attain the standards traditional
to science even though in problems: of public policy the scien-<A
tific method of controlled repeated experiment cannot he used.
. These are (a) intérsubjectivity: results obtained by processes
that can be duplicated by others to attain the same results;
. . (b) explicitness: use of calculations, assumptians, data,
and .judgments that are subject to checking, criticism, and
disagreement; and:(c) objectivity: conclusions do not depend -
on personalities, reputations, or vested interest; where . '
possible these conclusiong should be in quantitative and ex- ' s
perimental terms. .

v

o

.
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Those who attempt to apply systems analysis and cdst;effectivehess anal-
ys1s to problems must confront major elements of uncertainty because of the
extended time horizon, which usually involves a projection into the ‘future of
at least five to ten years. Fisher (197la, pp. 190-91) advocated the use of -
sensitivity analysis, contingency arfalysis, and a fortiori analysis in
treating the troublesome feature of uncertainty inherent in most long-range

. ’ plapning.probLgms. 4 g -
_ “In the first technique, sensitivity analysis, the ‘expected values of

the' key parameters are varied, If the costs of particular resources are
uncertain, an array of high; medium, and low values can be used to examine

the various alternatives. 1In this manner, an effort is made to determine

how sensitive the results (the ranking of the alternatives being considered)

are to changes in Key parameters. In the contingency analysis approach, .
the effect on the ranking of the alternatives of changes'has been called

the "what if" approach. 1In it, a major change in the general environment {

can be assumed. ’ In the third technique, a fortiori analysis, all questions .

of uncertainty may be resolved adversely with regard to the inqﬁitively pre- ' L
ferred alternative. The preferred alternative is then compared with the -~ —
other possible alternatives. A strong case for the preferred alternative

is assumed if it still compares favgrably with the other alternatives o
despite the built-in adversewéoﬁdit@ons. o o

” While the problem'of tXeating uncertainti®S presents some major diffi- ,
chlties,” it is not thgfoﬁiy problém'which,must be confronted. Analysis o

the costs and effecti¥eness of a range of alternatiVes also involves prob-
Jems. In the following section we will examine the basic notion of economic
costs, various types of costs, and appropriate cost comparisons. Simildrly,
in the sett;on on the analysis of effectiveness ﬁp will coq,ider the problems .
inherent in measurinq program outcomes. - ‘e ) Co.
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ANALYSIS OF COSTS | oo

L 4
A discussion of costs must begin with *he not-on of "opportunity costs,

which can be deflned in terms of "what is glven up" rather than "what is put
in {Bowman, 1966]. The concept of opportunity costs, involves the problem of
choice and the examination of alternative uses of resoyrces. If resources

are consumed in achieving one objective, they cannot be\used to accomplish.
‘other purposes. The real cost of any alternative, thergfore, is the sacrifice
incurred because the ‘decision maker chose not to pursue/some.other alterna--
tive. "Cosfs occur when a choice is made among severa}l desired benefits. 1In
short, costs are beneflts--beneflts glven up by ch0051ng to do one thlng
rather than another. [Haller, 1974] e

In any. aly51s, this broad noti yf costs must be considered along
with the mg¥e obvious direct expenditure 1temS4"Schultz {1963) developed the
cancept of| opportunity cost within an educational_context by examining the ,
costs of ajcollege education to 1llu trate, the sign ficahce of foregone alter-
natives. en people withdraw from the labor forcejto attend school, society
foregoeg”’their productive services and the individfials themselves forego
ings. The costs of these lost earnings to both society and individuals
must be calculated as "‘part of the total investmenht in a college educatlon.
Schultz suggested that approximately 60 percent of the cost of college con-
.sists of foregone earnings.

Similarly, Thomas (1971, p. 32) argued that tlme spent within’ school
might better be governed by the pr1nc1ple of "foregone learning." He explained
that "the implication here is that the cost of a giveﬁ curriculum or of a given
instructional procedure is measured in part by foregone opportunities to devote
students' and teachers' timé to other curricgla and procedures," The time ~
students spend in study halls, for example, cannat be used for classroom in-
struction in English, mathematlcs, or other subjeqts. Likewise, when teachers 4
areé a551gned to supervise a lunchroom or playground the school foregoes, their
presence in classrooms. Adminmistrative' decisions involving the schedullng of
pupils and teachers are not without cost con51deratlons; the time of pupils
and teachers, as well-as schpol space, equipment, and supplles, are all limited.

Several writers have addressed.the° ‘pitfalls involved in conducting cost
analyses. Blckner (1871) thoroughly delineated the problems in performing
cost analyses f mild4tary programs. Haller (1974) discussed many of the same
problems within an educational context. Typically, two basic. procedures are
followed to determine the costs of program alternatives. First, a listing of
the specific/resources required for each program is developed” and then a
monetazy\gglCe is assigned to the resources identified. '

After all necessary resources have been 1dent1f1ed, a comprehen51ve input
structure that accurately allocates specific costs to,partlcular programs is
developed As discussed previously, a cla551f1catlon scheme should be designed
to facilitate the analytical process and permit meaningf 1 comparisons. The
major expenditure categories for personnel, facilities,' EEU1pment, and “
materials should be divided into subcategorles to delineate costs in %s much
detail as necessary. At_the same time, ‘the classifitation scheme should also

eat the time of students and school personiel as a valuable resource. .

The input structure also shouyld relate expenditures to their purposes .in
the program. TFisher (1971b), for example, discussed the notion of a program
Iite cycle. New educational programs, as well as changes in exlstlng programs,
normally involve a stream Of costs ove¥ an extended time period. These costs
can be segregated into the following three categories (Haller, 1974, p. 420):

. .34
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"™ 1. Research and development costs--resources réquired to develop
" the program to the stage where it can be introduced into the
" system. For example, the time a sc1ence cgordlnator spends in
‘investigating a possible program, money used to hiré consul-
tant$s, and evaluation-effort are approprlately classifigd as
‘. research and development (R & D) costs. 2
A 3 ,
. 2. Investment Gosts-~costs necéssary to implement the program. -
I Equipment purchases and the costs of running a workshop to
o - train staff are examples of investment costs.
) L3 _Egratlng costs—-recurr1 g costs required to operate the program
) over tlme., Maintenance of equipment, salaries JE personnel, and -
I cost of supplies are examples ~ ‘
. An’ example of these costs over the lee cycle of a program 1s illustrated
in quure l.. Each type of cost typically behaves somewhat differently over
time and 1s inturred at Gifferent stages in the implementation. process. e
Researcn and development and investment c s usually have their. greatest
impact early as compared with operating costs jwhich occur later but extend
over a potentially much longer time period. n examination of R & D, in~ *
vestment, ‘and operating costs helps focus attgention on the time horizon of
. tﬁé program and the projection of future costs. . . '
» . - < ! . . W
. , . i
" « cdsts
R&D
. | «costs i
. , . Investment\iosts)
Figare 1. The relationship between ‘costs and the TT%€ cycle of a program.
v - 3 ‘ .
- Source: Haller, 1974, p. 421. g .
' P R
Dec151ons made today are likely to 1ncur costs over 'a period of several
years and 'may limit p0551ble gptions in the future.. Therefdre, cost-effectlveness
! studies must be congerned with thé .estimation and analysis of future costs.
{ : can ncZFr be estimated wit solute accuracy and the further into ‘the futyre’
one attempts to“project costs, the more uncertain the analysis. Whlle the input

structure shoul

categories when a

& -

ERIC/
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$

accommodate a .comparison of alternatives over an *"ﬁended
‘period, it generally is not advisable to dgvelop a*highly detailed set of cost )
The cost of -construct-.
’ ‘ ing and operatlng such a cost structure would probably outwelqh ‘the benefits ob—

relativgly long time:period is 1dVo1ved.
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tained, i.e., would nqt be costSeffectlveL As mentioned previously, however,

techniques such as sensitivity dnalysis and
to sharpen ther evaluation of alternatives.
Once *a multidimensional input structure.lj
general rule ig to allocate time to the analysis of each cost category. in a,
manner roughly proportionate to each category's share of the total budget.

ontlngency analysis may be used
- {

Thas, the personnel category, which typically represents 70 tq 80 percent of

the educational budget,"hould receive closest scrutiny. Costs for personnel
salaries &nd wages generally can be assigned in a rather stralghtforwafd manner.
Direct salary. payments, howeger, do not reflect fringe ben€fits and other costs”
that employers must pay. Payments for 1tems such as retirement, social security,
health insurance, and life 1nsurance frequently comprise 20 to ‘30 percent of a
school district's personnel costs. In addition, -the value ofg volunteer contri~
butions--such as library aides or playground superv1sors~—should be 1ncluded in
the analysis. |, 6

A school district's salary schedule can be used for pro]ectlng future“
costs of educational programs. Teacher salar1es“are determined largely by two
variables, years of teaching experlence and level of education. Thus the com-
position of the staff in terms of experience and traInlng wiTfl have con51derable
impact on the cost of a program. A staff cqmposéd primarily of beginning teacher
will cost substantially less than a staff composed primarily of experienced,
highly trdined teachers. Information useful iA projecting salary costs can be
obtained by examining a district's salary schedule along with the characteristics
&f the teachers employed. Futyre costs can then be'pro;ected by estimating the”
movement of staff through the'salary schedule' over a program s time horizon, as
well as projecting the impact of’ possible changes in the schedule itself,

Costs of facilities or space.als reﬁ%esent a major vexpenditure category. . _

These costs are. generally more diffigcu t t estimate than ‘the salary schedule.
Thomas (1971, p. 44) identified five components of the cost of classroom space. *
as (1) interest on unpaid debts, (2) foregone, interest’'on equity; (3) depre—
ciation, or annual decrease in value, (4) overhead, or heat light, ‘and power,
and (5) maintenance. Co o R
To illustrate these costs, Thomas used as an example al, 200 :square foot
biology laboratory. He, assumed that anothier 25 percent Qf that space (300
square feet) is needed for supporting space (cortldors, tc. ), that the cost

ias been developed{ a good ’ .

S

of construction was $16 per square foot (making a total cpst of $24 000), and -

that.thg present value (after depreciation) 18#$20,000, of which $lS 000 is
still owed. The cost of, the space is calculated as follows? . -

. » 2
bR -, s’ ‘. - B s

Interest on~debéntures (assume 4 percenf of $15,000). 78 " 600
Imputed interest pn ecuity (assume 5 percept.of $§,000). . 250

< > _;‘ . : Q& .
Depreciation (assume additional expected’life‘jg’ZO‘years)u 1,990_

. - . .
. . [y

4, . Maintenance. . ’ . . 408
5. Overhead (1ight, power, heat). o . .- ..___400

TOTAL COST .. ' ’ ) . $2,650°
~ V o 4 G “n

is a limited rescurce and de ns regarding its use invoive opportunlty costs.

,, Space requirements are n i rtant 1ngred1ent in any cost aﬁaly51s. Space
Ssgl
For example, classrooms used r tudy halls canno e used 51multaneously for

£
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other purpoSes.’ When considering.the value of foregone alternatives, the
cost for space .may constitute a Signiﬁicant portion of total costs. Since o
- new educational programs seldom requffﬁ construction of new facilities, how—
dver, cosg}gﬁ space is often disregarded. L b
In. compariison to the opportunity.codts of time or expenditures for
salaries and facilities, the cost -of equipment and supplies qenerally-consti-
ttutes a small part of a total program budget. ‘Educational programs particu-
‘larly are labor—igtensive while equipment and éhpply costs are generally minor )
considerations. Frequently rule-of-thumb estimates for equipment and supplies *
will suffice. “For example, the total supply cost can be estimated by dividing :
. total expenditures for shppligs by the total number of pupils enrolled and
‘then applying this per pupil dos; to the number of pupils served by the pro-* “
gram under cdnsideration. ¥ . 5 O .
Bickner (1971, p. 35) pointed out that the major responsibility of -
the\cost analyst is to distinguish between relevant and'irrelevant costs:

All costs are Yelevant to some decision or other, past or
future, for otherwise they would not be costs. The' responsi- ’ t
bility of the cost analyst, however, is not simply to add up
any and all costs indiscriminately, but rather . . . to iden-
- tify and measure that particular collection of costs- that are
. , contingent upon a specific decision or chbice under considera-

‘tion. . . . Any cost that will be incurred. no matter what .
i choice we make, any cost that must, be borne regardless of the ° 4
' ) decisions at hand, is not a cost of that particular'choicé or "o s
‘. decision. i ve . .
o 5 “ ! .
- Costs can be categorized in a numberfof ways for'ahalytical'purposes.
Economists, cost accountants, and cost analysts apply a variety of terms to Lot
distinguish one type of cost from another, “for example, sunk ahd_incremen;al . \\\
costs, fixed and variable costs, and recurring nonrecurring eq;tsf These !

different categorizations of costs can be helpful ih distinguishing between >
relevant and irrelevant costs. . , -
» Since costs are consequences of decisions, one may contend that the rele- = -

»vant costs are those which lije in the future: The cost of constructing a..

‘building, for example, lies in the past. These sunk costs are the result of '

, past choices. They are therefore irrelevant to current decisions concerning ¥
how to best utiljge space in the future. On the other "hand, decisions regard-
ing the future use of a building involve incremental costs. ' The additional
costs that willfﬁéjincurred because St some proposed change geprés@nt meaning-
ful alternatives. Only inCremental costs are important in this sense; supk :
costs should not be included in the analysis sihce they-only serve t6 confuse

o

. the decision maker, " . 3 ot
A distinction should also be: drawn between fixed and variable costs. o
Fixed costs, often called overhead costs, typically include adq}nistrative "~ .

salaries, maintenance’ erreciétion, and the like. - They generally-remain
stable .and do-not chan@e yith expansion or contraction of a specific school
program., For example, a decrease or increase in en Imént in a science
program does not usually require a change in administrative staffing. Variable
N ‘costs, however, are closely related t5 the size and output of a program, e.qg., )
A the number of textbogks required varies directly with changes in enrollment.

. & . \\ ‘ ] ) p
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N “When pstimating the costs of expanding a program, fixed costs which do not
affgct the decision at hand sho be a@xcluded from the anailysis.
Another useful distinction can be made between recurrlng,and nonrecu:rlng
s costs.\, As the name impYies, nonrecurring costs are 1ns§§red only once during
a spec1f1ed time period. An example of nonrecurrlng costs would .be expend1~
tures for an inservice program to train teachers td use new curricular pro-

+ ducts. Recurring costs are incurred _repeatedly (usually yearly) and include -
expenditures for salarles,.materlals and supplies, and physical plant opera-
tion. As in the previous examples, only those .costs incurred within the
t1me frame of the decision should be 1ncluded in the analy51s. P

“The dlstlnctlons between sunk and 1ncremental, fixed and var1able, and
recurring and nonrecurrlng costs’ are not absolute. Bickner (1971, pp. 36-37)
notes that costs are related to the t1me, scope, and horlzon of the decision
Qnder analysis: .

l

'

That is to say, the costs of continuing a.tertain program (and -
“-the dividing line between sunk and -incremental costs) depend °
. upon the precise time of the decision. The costs of "expanding

- . a program (and the dividing line‘yetween fixed and -variable

costs) depend upon the initial and the revised scope of the:

- " /Pprogram. The costs of extending a program (and the dividing ...
) line between recurring andvnonreQurrlng costs) depend upon/the '
1n1t1al and the revised termination dates, or hgrizon, of tHe ‘
program. ; . . . -~ -

—— Once the relevant tosts have been identified and estimated, sthe costs

©of alternative courses of action ‘can be compared. The most common analytigal
procedure involves a comparison of alternativesgin terms of their total,
average, and/or marginal sts. The most appropriate cost comparison -depends N
on the purpose of the ewalljation belng,conducted or the decision under consi-
deration. :‘ L ‘ \

y A comparison of total costs is,nsualIy necessary when a decision involves -
the adoption of. a new prggram. The dec151on maker will need data regardlng
the cqst of the present progran as well as the incremental costs required
0 implement any od1f1c tlons. In deciding to reta1n, replace, or modify a

}( . specified time period. comparison of total costs can be quite usefult in
cost—effectlveness stylies which deal with alternatives of about equal effec~ -
tiveness. Assume, fo example, that twoldifferent reading programs produce “o
the same level of student ach1evement. The analyst could simply calculate the
¥  cost of each alternative and recommend that®choice vhich minimizes total ex-
penditures. . ¢ i -
) " The compllatlon of average costs, however, might be more approprlate
if two reading programs varied considfrabl Assume one program relied
‘heavily upon computer-assisted inst¥ucthon and other technological aids
5 while the other utilized small group instruction and requlred additional -
teachers. Average costs, of course, can'be estimated for .any number of dif- '
“ferent units--gchools, classrooms, teachers, students, and the like. Examples
range from yearly per pupil expenditure to cost,per “student hour of instruc~’
tion. The cost unit employed will depend upon the particula? decagion te be,
made. In general, the unit of cost .used should be closel lated to the ™
major cost-variables involved. For example, bhééﬁPSts of supplies will

v
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vary “directly with the number of students served by a program, whereas equlp-‘
ment costs are likely to be a function of the number of classrooms utilized
~ by a program. e .
A discussion of average costs leads directly to the notion of marginal
costs. Marginal cost may be defined as-the incremental cost of providing
one additional unit of a specific good or service. The marginal . cost approaqh
1s partlcularly helpful in analyzing the impact of a decision concernlng ex-
pansion ‘or reduction of an existing program. Marginal cost comparisons ‘can
\Eg_used to help deteymine the important distinction® between flxed costs and.
variable costs discussed earlier. The costs for teachers -and space, for
examRle, may shift from fixed to variable and back again, dependlng upon
R variations in student enrallment. Thomas (1971, pp. 45-50) explored the
< @vonomies 8f scale in a typical .high school program by analy21ng the cost of
adding another biology class. He assumed that a single biology lab can serve
a minimum @f 120 students (24, students’ per period for a five period day) +
and a maximum of 200 students if q@verloading is permitted. Figure 2 illus- ’ \\\__’
trates the behavior of the cost per hour of 1nstructlon ‘as enrollment increases.
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Figure P. Average cost per student per hour of instruction ‘in biology.
- ”» M N ‘ .

Source: Thomas, 1971, p. 48.

In Figure 2, the average cost,per studept hour decllnes rapidly as -

student enrollment approaches the maximum capacity of the ‘biology-class. The ‘

. _average cost line, however, changes direction once classroom' capdcity is '
"achieved. For ptrposes of the example, it was assumed that the. enrollment of
the ZOlst student requires an addftional biology lab and g¢eacher. _ This hypo- -
thetical exgmple illustrates that the expansion of a school program involves
relatively small marginal costs per additional student until a capacity point
is rea%hed At- that poifit, the marginal cost increases dramatically. Whlle . T

seemingly a simple task, then, ,it should be apparent that identification, -
measuremrnt, and comparison of costs involves numerous potential pitfalls.
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ANALYSTS OF EFFECTIVENESS l o

v
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Costd®are used to measure resources that go into a program; the concept
of effectiveness is used to assess the output of a program. Program effec-
.tibeness can be defined in terms of goal attainmenta' In short, how much pro-
gress has been made toward the accomplishment of designated objectives?
‘Adcordihgly, an anatysis of éhe‘gffecéiveness of arf™educational program in-
variably involves an -assessment of one Qr more aspects of student performance..
Like school cost analysis, the measurement of edgcgtional ogtputs in-
volves several difficult problems. At the outset there often jis disagreement.
about the specific outcome desired from an educational system and the rela-
tive importance of ‘various outcomes. Some people believe every high school
graduate should possess a saleable skill; others are primarily concerned that .
,graduates be qualified to enter the college of their choice; still others are
concerned that the schopi inculcate studeq}s with certain values and begavig;al
_ patterns. \ v~ -
Educational systems are expected to serve multiple and*often conflicting
goals and objectives. Educational systems, for example, are urged to progide
students with equal educational opportunities and, at the same time, to pro-
vide these learning experiences in the most. efficient manner possible. The
dual objectives of equality and efficienéy often conflict with each other
and usuadly invol¥e some type of trade-off. ‘Educational organizations often
are confronted with choices that involve greater equality at the expense of
ef{;piengy or greater Efficiency,aﬁ the expense of—gqua;ityl
While the efficiency criterion is typically stressed in cost-effectiveness
analysis, the equality aspect canriot be ignored. Assume, for example, that
two rq@ding programs result in equal aberége gains in stddent achievement. In
the less costly program utilizing computer technology, all, students-demonstrated
about the same amount=of gain in test scores. In the more costly program™ '
stressing individual tutoring, however, studehts in the upper two-thirds of ° .
the group registered‘modest qain§?ﬁn test &tores while students in the bottom
third exhibited qﬁbstantial i@EgE@ement.'_Based solely on efficiency meagures,
the first program<is preferﬁblqﬁto\th€§hecond. But if greater emphasi¥s is
placed on equality of outtéﬁéé% the second prpgram is mofé{desirhble than
the first even though it is more-costly. '

«

- -

Levin (1975, pp. 114-15) pointed out that the aisﬁributional conséquences_

..of a program should be considered in cést—effectiveness studies. In other

Pl

words, he is concerned about who receiy%§ {or who is supposed to xeceive) the
benefits of a program, Since a partigular school program will rarely affect

all student populations, g.g.,'inubachievefs and high achievers, in an iden-
tical manner, an attempt should be made to examine ¢hanges in the distribu- -
tion of gdins as well as overall test scoresgains. . The distributional aspects
of the gains associated with a school program clearly assume great importance
when equalization objedtives are the pajor'concern. » = T

Techniques have been developed for treating multiple outqpmés‘in COS%— ‘

“_efféctivenéés studies. Generally, a single .criterion of effectiveness cannot

>

adequately détect and estimate tﬁe possible effects of a program. In fack,
even the measurement of progress toward attainment of a single objective B
often will require Ebe use of mult}p}e indicators. THe asse§sﬁent.of program
effectiveness is therefare typically based on a set of indicators or measure-
ments. The~selegtion'of specific‘indicators of effeciivenesg, of course,
depends on the objébtives involved and the programs or program activities under
analysis. - . ’ .

- - '
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"extremely difficult to deflne and operatlonallze. -

A

, - -

. An outplut structure similar to the cost input structure ./discussed
earlier is needed. "This multidimensional structure should include a hier-
archlcal classification scheme that systematically relates programs and pro-
gram activities to designated “ohjectives. Likewise, the agreed upon goal(s)
must be differentiated into geperal objectives, performance objectives, and
targeted performance objectives. 1In short, the objectives must be opera- -
tiohalized and stated in measurable terms. Several illustrative structures-
have been devised that delineate programs, objectives, and Qutputhindicatbrs,
(Mushkif and Cleaveland, 1968). .

Since some: ‘System goals invariably are regarded as more important than
others by ‘the relevant-decision makers, the designated program ob]ectlves
generally are rank ordered or priorxitized. Typically, a weighting scheme is,

_used .to establish the felative importance of different program objectives.

In using such a scheme, various weights or values are a551gned to the program
objectives or outputs based on their relative importance as’ perceived by ,
those persons® Fesponsible for decisions. Thig listing of welghted ob]ec— -
tives or dutcomes can then bé aggregated or integrated by the analyst into

an ovérall ‘effectiveness index., Levin (1975) suggested the simultaneous

use of alternative weighting schemes in order to clarify the value'judgments
inyolved and to reveal the cost-effectiveness implications of the value
choites made. An explicit welghtlﬂicgﬁheme has coné&derable utility in ‘com-
parlng multiple prpogram outputs. . .

" Similarly, program processes (activities or elements) can be rank
ordered with regard»to their contribution to the achievement of objectives.
By determining the relative contributions of the various program processes
to program objectives, comparisons can be made between the different activi-
‘ties within a program or across sevedral programs de51gned to accomplish the
same objectives. Just as objectives must be expressed in measurable terms,
petfonnance criteria should be- spec1f1ed for each. program component.

In addition to the analytical problems encountered as a reshlt of mul- ,
tiple objectives, educational programs also produce .spillover" or "side"
effects. A program designed to improve reading achievement for example, méy
influence pupil performance in other aréas that make use of reading skills,
such as history or social studies. L1kew1ser~a feaching strategy designed
to stimulate student métivation or enhance student self—concept may also pro—
duce gains in cognitive areas. Some programs may generate greater indirect’
effects than others. Con51derat10n of these indirect effects, both p051t1ve
and negative, should Bé included in an evaluation. Thus, program outao
should be measured along several dimensions. ~

"A major problem }n educational program evaluation is the selection of
valid and reljable instruments with which to measure pupil performance. For

analytical purposes, student behav1oral outcemes generdlly can be divided into

two categorles-—cognltlve and noncognltlve. While a distinction can be drawn
between these two categorles, they are not mhtually exclusive; they are, in
fact, very much interrelated. Affective factors such ds student motivation,
attitudes, and self-concept may have an important effect on the learning
process and academic achievement. However, déspite general agreement that
affective growth is important, there has been little progress in developlng
instruments *to asseSSvaffectlve behavior. Noncognitive ob]ectlves remain .

&
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Evaluativé research in education has been basically concerned with ex-
plaining cognitive achievement. It has largely ignored the affective dimen-

. sion of student growth. Numerous standardized tests. have be€n developed and
many of them can be used with some degree of confidence. Nevertheless, the

The results of standardized tests are reported i variety of.uays-and the
different scoring modes must.be used in an appropriate manner.

Almost all standardized tests involve the conversion of raw scores into
normative scores to indicate a student's relative position in a distribution
of scores. Grade~equivalent scores, for example, indicate the grade level at
which students are performing. Whidle grade~equivalent scores have some
utility, Coleman and Karweit (1970) clearly point out that these scores can-
not be used to make infierences about the effect of a school program on the
rates of growth of pupils who start at different grade levels. .

Spec1f1cally, a grade-equivalent score reports a student's position re-
.lative to "the median ‘of the norm group at a particular grade level N\ Accord-
1ng1y, a year of growth is based on the total distribution of scores. at that
grade level. Since variance in test scores will incredse progressivély from
earnyto later grade levels, a gain of twelve months will be increasingly
more difficult to obtain. 1In other words, a student who maintains the same
percentile over time, that is, the same position relative to other studerits,
will appear to fall farther and farther behind based on grade-equivalent
measures. ‘ :

use of standardized tests to measure cognitive acgievement can be hazardous.

v
. . - ' - 3

’ A "year of growth" in reading at grade 12 is less, reglative
to the total distribution of 12th-graders' scores, than a year
of growth at grade 6. A "grade-equivalent" score, therefore,
L4 means a different thing at every grade-level. It does not com~
pare the’student to others of the same age or at the same grade
evel; it compares him to the average or median student at another
grade level. It is a relatipe score masquerading ‘as an absolute
. sCofe [Coleman & Karweit, 1970, p. 17h.

St
r

Although percentile scores are better suited for comparison than are
grade-equivalent scores, Cqleman and Karweit alsc demonstr@ted the misleading
'nature of these scores. The percentile identifies the point in a distribu-
tion of seores\helaw which a g1ven percentage of students fall. If a student
scores at the 80th percentlle, for example, then 80 percent of the total group
have scores less than or equal to his. In the normal distribution, dep1cted by
a beifzshaped curve, student scoxes are clustered closely around the 50th per-
centile and are- much more w1dely spaced at the extremes, e.g., the '10ta or 90th
percentile. Thus, "the percentile score stretches out the scale toward the
middle,. and ‘compresses it at the ends [Coleman & Karweit, 1970, p. 171." Pper-
centile scorésy'whlch permlt a comparison of the relatlve position of students
at different 901nts in tlme, therefore, are useful in determlnlna the direction ’
of change but.@xé ndt - satlsfactory for measuring the amount of change that has
occurred. ¢ ey -

- A more accurate estimate of the amount of change can be made by using
standardized scores. The distribution of/Standard scores (2 scores) ig, based .
on a mean of zero and® a standard-deviation of one. The relative position of
a score is expressed in standard deviation units. The standardlzed score
permlts a comparison of a student's performance on one measurement with his

b
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performance on another measurement. Coleman and Karweit (1970, ,pp. 17-21)
suégested the creation of standardized scores for, every grade lﬁﬁel. By
standardizing, the scores, the mean would become the same but a eparate
standard sc;;E would be expressed for each grade 1eve1. The amount of.change
could then be compared more accurately by using the same mean and standard
deviation across grade levels. ' ’

While standardized tests describe’a student' 's position relatlve to other ,
students, they do ngt dlagnose the specific skills that have been. mastered. by
the student. For this reson, crlter10n~referenced tests (as opposed to norm-
referenced tests) appear to be better suited for use in cost-effectlveness
studies. ‘The distinguishing feature of a oriterion-referenced test is its -
relationship to the specific goals and subject mattexgof a'program of instruc-
tion. - - . :

.

-

. .
Each item on a criterion~refefenced test is designed to measure

or indicate the accomplishment of a particular skill. The im~ .
portant factor is which items are passed, not the number. Test ‘=&
scores are for advancing the student, not generally to summarlze
achievement ({Averch, et al,, 1972, p. 33].,

[

-

Like standardlzed tests, criterion-referenced tests gre not without prob-
) lems.” Criterion- refe;enced tests are developed to evaluate progress toward
specific program objectives. As mentioned earller, widespread agreement on
specific objectives is often difficult to achieve: In addition, some objec-
tives are difficult to operationalize in measurable terms. For these reasons,
course objectlves may be oversimplified in order to construct the hecessary
test, items. - Other drawbacks to criterion-referenced tests are that they

generally are costly to develop and can seldom be used over a wide range
of appllcatlons. .

o “
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"' in a paper basacally concerned with the performance of miditary:systems,

Quade (1971) presented a conceptual framework ﬁor conducting cost®effectiveness
analyses consisting of five basic elements——obiectlve(s), alternative(s), costs,
model(s), and a criterion (see Figure 3) Quade viewad the analytical process
as involving three overlapping stages. In the first, the formulation stage,

the problem is defined, the issues are claflfled, and the study is }1mlted. In
sthe second, the search state, alternativés are generated and data are collected.

In the final stage,'the,complex process of comparlngcor evaluating. the various
alternatives is undertaken.

. . A
Figure 3. Quade's structure of analysis.
. v . ' - - 4
L) . -

Source: Quade, 1971, p. 296. - . BRI

.. ©
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Quade emphasized the 1mportance of u51nq a model . to compare alternatlve
‘courses of action in te:ms o§ their costs and’ effectlveness" The model, e.g.,
computer sxmulatlon, linear pro§ramming, or mathematical equations, provides

"a precise structure and termindlogy that serve prlmarlly as an effective
"means, of communlcatlon, enabling the participants in’ the study to exercise ‘
their Judgment and. 1ntu1tlon im a concrete context and Yin proper relation to
others [1971, .p. 295]. While the controlled replicated experimental approach

hd P ’
.
. 3




-
2

can rarely, if evar, be used in policy analysis, Quade arqued that every
effort must be made to maintain the rigor of scientific methods. In other
words, the alternatives must be examined systematically and objectlvely to
permit others to repllcate and verify the study.
- Working with educational systems, Alkin (1970) constructed a model- to

(1) 6ompare the cost-effectiveness of alternatlve instructional programs,

(2) *evaluate the cost-effectiveness of specific school .programs, and (3) deter-.
mine the cost-effectiveness of using different school input options. Thyg.
zpnogosed model (see Figure 4) consists of -five components: (1) student
inputs-~the abilities and characteristics of the students entering the school
progran, QZ) figancial- inputs~~the financial resources made available to -
support the program, (3) manipulatable characteristics-~the resource- consumlng
([aspects of the program that.can be changed administratively, (4) outcomes--the

cognitive and noncognitive changes that occur in students after they have .
been exposed to the instructional prd@ram, and (5) external systems--the

social, poiitica}, legal, and economic structure of society. ) - <\k
» 2 N 3
k4 \ .
L‘ ‘ v l .
' ) stupent| | EINANT 1 : : -
B . INPUTS INPUTS @ v
~ l - l—
&* . v )
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‘ ° .
., . - { YA
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N ‘ . —l-_-’
: - v @ / ° ' °

Figure. 4. Alkin's cost-effectiveness model.
-~

Source:* Alkin, 1970, p. 226.
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Depending upon the type,of evalqgtion conducted, Alkin arranges these@ﬁ
diffé;ent‘components into control, predictor, or c¢riterion variable sets.
The bost—effgctiyeness of alternative instructional programs,-for_exémplé,
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could be éompared by u51ng compone;ts A and B (external systems and student
inputs) as cohtrol variable sets, component C (financ1al inputs) as a predlc—
tor variable set, and component E (outcomes) as a criterion varlable set.
Likewise, indi#idual school programs could be examined by using components A,
B, and C as predictor variables w1th component- E as the crlterlon measuvre.
s various input' combinations could be compared by using components A, B,.and
C as control variables, component D (manipulatable characteristics) as pre-
“dictor varlables, and component E as the criterion:
Abt (1969) developédla cost-effectiveness model to evaluate. Elemenéiry
.- <and Secondary Education Act (ESEA) Title I programs for the disadvantaged.
. The model attempts to evaluate the relative school, student, and community
effects and associated costs of alternative Title I programs. Abt's input-~ j.
output model (see Figure 5) includes five submodels: (1)  school--the
production procegs of transforming the inputs (dlfferent student types and
educational resources) into better educated 1nd1v1duals, (2) instructional
process~-the changes in student behavior ‘resulting from Title I programs,
(3) “community=~-the impact on the- communlty of dhanges in educational outputs
due to Title I programs, (4) costs--the direct: and indirect costs required to
1mplement Title I programs, and (5) cost- effecxlveness~—the analysis of the

A onrT
effects and gﬁsults of Title I programs. . y
* . 3 E. 3 ’
. ¢ . l —\ L]
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Figure 5. Abt's cost-effectiveness model.. X
Source: Abt, 1969, p. 67. . T -
- ’
¢ o .
. This model is designed to program data descriptive of educatlonal systems o
) for computer simulation purposes. Inputs include community characterlstlcs,
student demographic data, and TitPe I program data. . Outputs 1nolude changes: .
in studemt achievement and attltude, as well as changes in the number of ‘school -+
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graduates and dropouts. Abt developed each of the five submodels in consider-

* able detail. THe .school submodél for gxal le, includes a school flow matrix
for monitoring student achleVement.@nd gg‘s)tematic procedure for performing
truancy/dropout calculations:y™ "

Haggart .and Carpenter (1&69) developed a model for school district plan- . -
ning based on a planning- programmlng—budgetlng ‘system (PPBS). The model
illustrates the various PPBS com#onents and clarlfles the important analytical
dimension (see Figure 6). The PPBS process beg1 s with. a statement of objec-. ..~
tives aqﬁ‘a\categorlzatlon of underlylng activitides and programs. This cate—

. gorization provides the program structure (Pl, P2} to Pn) necessary for’
generating possible program alternatives (Al, A2, to An). Eaczgﬁiternatlve o
must be considered in terms of resource requirements and in refation to several
effectiveness measures. The evaluation and selection of a preferred alternative
_fhay involve many difficult decisions. Clearly resource requlrements will have
to be weighed against resource availability and estlmates of effectlveness w1li
have to be weighed against designated objectives. 7

v

: . . . N 2 &
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Figure 6. ;Haggart and Carpenter!s analytical model. ‘
T ’ - (Source: Haggart and Carpenter, 1969, p. 2.
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Kim and Harris (1976) developed a cost-effectiveness model

‘.

and data in-

struments applicable to the management of secondary vocational education pro-

grams (see !Figure 7).
identlfled from the literature:
(2) program objectlves,

(3) program cost,

Eight elements for any cost-effectiveness analy51s were,
(1) the program or alternative programs,
(4) program output,

(5) aModel #of

the relationships among the elements, (6) effectivqneés--the extent to which -
the objectives are achieved, (7) efficiéncy--the relationship between the out~
put and the cost, and (8) the ratio of program ‘effectiveness to program cost.
The ‘model includes four maJOr components--vocatlonal program classifications,

program objectives and specifications, program ocutputs, and costs.

It was

designed to generate three kinds of cost-effectiveness measures--effegilveness,.
efficiency, and cost-effectiveness ratio and/or performance ratio.
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Figure 7. Kim and Harris' cost-effectiveness analysis model for secondary
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Seilet (1969) suggested severaf‘prelimiﬁary considerations which must be
dealt with before attempting to measure a system's cost-ef?ectlveness.

’

vocational programs. -

Source:

.

¥t

Kim and Harris, 1976, p. 34.

v

Possible

program alternatives should be assessed initially to determine those which are

feasible within the context of a system's overall llmltatlons.
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conduct a meanlngful analysis, the~feasible alternatives must either be :
homogeneous or equalized with respect to many factors, such as geOgraphlcal ®
location or scale of measurement, that might otherwise prevent meaningful
. . comparisons. Seiler delineated five basic cost-effectiveness approathes--
. ratio model, 1nd1fference'curve model, mathematical programmlng, theory of .
. games, and probabilistic cost~effectiveness. *Ty e .
The most tommon technique, the ratio model, measures the "efficiency"
of a system in terms of the ratio of its output (effectiveness)\ to its input
(cost). An overall "fldﬁre of merit" is obtained by dividing the system :
effectlveness‘lndex by the system ceést 1n§exh A more useful ap roaﬁh, the K
1nd1fference curve model, permits an analysis of various combin ions of al-
ternative systems. By employing marginal analysis while holding cost and -
effectiveness constant, an 1nd1ffarence curve madel can be used to ldentlfy
that combihation of alternatlves whHich maximizes the figure of merit. The third
technique, mathematical programmlng, ingludes llnear, nonanear, ‘and integers
programming, the calculus of var1atlons, and opt1mal control theory. Assuming
. " that the functional relationships among the related .variables are linear and
additive, for example, typical linear programming technlgues can be used to
determlne the optimum allocation of a system's resources or “to determine a

v

system ‘s minimum cost requirements. « i
, In the first three mode}s it is assumed that the decision maker can operate
in afvacuum, i.e., as there were no other decision makers in his field. This

assumption, however, cannot be made in a competitive system where the decision
maker must consider carefully his_opponents' possible reactlons to the dec151ons
‘ that he might make. An attempt therefore, must be made to identify optimal
strategies in confrontation situations. Assuming egual costs, ther® are dif-
. ferent "payoffs" (effectlveness levels), important to dlfferent people, over -
. the- range of avallable strategles (alternatives).
. 0 In the last approach Jprobabilistic cost-effectlveness, cost and effec-
) tiveness probability distributions are generated for- each alternative. This
! method permits. the decision maker to weigh his confidence in the various alter-
native dystems. In concluding his discussion of these models, Seiler peinted
out that external factors must be con51dered .carefully when making a choice.
. . based on a ‘cost-effectiveness cr1terlon. Exogenous factors--technological
- advances, the avdilability of resaurces, or political considerations--may sig-
nificantly influence a system and strongly affect any cost-effectiveness

decisjion. . , . . ) ' )
. B ’ ® .
S EMPIRICAL WORK I . e
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Levin (1970b) applied cost-effectiveness techniques “in an analysis of
teachex recruitment and retention pOllCleS. Slnce teacher salar1es typically
. account for about 75 percent of a school s operatlng bgdget Lev1n posed two
.questions: (1) Which teacher characteristics show a relatian to a goal that
most of us would accept for the schools, that .is, .performance on a standardized
. } ) test of verbal achievement? and* (2) What does lt cost the schools to obtaln °.
teachers with different characteristics? y
To answer these‘questlons, Levin-used data from the Coleman study to in- -
vestig#te the impact of the teacher s verbal ‘ability and experlence on the
performancé of sixth grade students on a standardized achlevement test. -Using °~
a production functlon approach, _Levin est1méted~that thé effect of “each’ addi-
. tlonal unit .of EEacher verbal score raised the. verbal scores. of white students
* N ’ [
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by‘an average of .179 pdints and the yerbal scores of Slack students by an
. average of -175 points. At the same timg, each additional year of  teacher
experience was associated with an average increase of .060 points for qpite
students’ and -108 for black students.’ .
_Focusing next on the cost dimension, Levin\§§:mined the relationshipa
¢ - between tedcher salaries and the Ieacher"s.verba ility.and experience.
Based on regression analysis, Levin estimated t eachers were, on, the
i average, receiving about $79 more for each additiopal year ‘of teaching ex-
) perience and about:$24 .more fbr each additional point OF verbal score. Bring-
ing the cost data and achievement results together, Levin concluded that ‘
iring teachers with higher verbal ability would be five to ten times more
effective per dollar of expenditure in increasing student achievement scotes
than would hiring teachers with more experience-.
- .Jamison, Suppes, and Butler (1970) investigated the potential role of
Computer Assisted Instructiosp.(CAI) for .compensatory education programs in - .
urban schools by reviewing%e wesults of an ESEA Title III funded Jprogram in ° ?
CAI in New York City. The‘arithmetic échievemeﬁt‘scores of students receiving
CAI (experimental gyoup) were' compared with those of students receiving ,
traditional instruction (control group). Cost-effectiveness values were cal-
culated for both the experimental. ahd control groups by combining cost and
- . perforﬁqnce data under thrfee different sets of assumptions which specified
e " the median case, best case, and wors case. After estimafi?g the ‘costs of
: one month's achievement gain with CAI'for each of the three’ cases, the re-
searchers concluded that the New ork, CAR program in elementary arithmetic

»

‘

was a hidpay cost-effectiVe comgefséitory education techhique. : .
Curtis (1971) &ontended that'a deci¥sion maker must-.ultimately choose
between* program processes {or §bmponents)°rather than égtal programss Accord-"

e, hgdo%ﬁgg”was developed teo (1) identify the
, . processes (tas hich c¢n,}-3ghumsh§§nd'm§térial resources) used, attain
common objectives, (2)° defelggite tie frela ivebeffectiveness of those processes, -
and (3) compare the cost-effeptiveness félat;onspip;amdn"thecpqggpsses. TwO |
. reading projects in the.Milwagkee (Wiscomsin) P ic ‘schools ‘were used to "
demonstrate ,this cost-effect#Veness approach. , Bot JYeadigg.proncts.enrolled .
:) comparable student populations, , sought to attain sim%la{ obfectiégs; and

Y

M

employed common processes. . . . ¥ . .
A pahel, of experts was asked to rank order tﬁg objectives "of the two i
, reading projects in térms of their perceived importahce® various pro-

cesses were then rank ordered on the basis of their pércei .conttibution

to the attainment of each obHéctive. Initia;ly,‘th reséérch me&ﬁsaology in-
volyed the development of a utility value based on. the weighted dbjeetives and
progesses. In the next research ‘procedure, three output measureg--a grade .
5equ-\(alent change in reading achievement, the difference, between abtgaI grade +
“equivdlent change and expected“change, and a change in student‘attitude toward

, reading--were cohsidered in detef}ining the relative effeqtiveneés of the pro-
.. ‘cesses. ] . - T,

& Curtis caréulated a utility/cost valye for each 'process by dividing the
jutility value by the cost pér pupil ‘for t process. ‘Tﬁe relative contribu--
-tion of each process to the overall effsdtiveness$ score wak determinéd by

dividing the utility value of each process by the sum of all utility values

for d11 processes. (The total student change score based op, all three output ., .
meaihres--theﬂae:}all effectiveness score--was'?374).~ f% fectiveness ;value ‘
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for each process was obtained by multiplying the overall effectiveness score
of 2.74 by the proportion of centribution made by each process. To obtain
cost—effectlveness ratio for each process, the effectiveness value for the
pyocess was divideq by its cost per pupil. Table 1 displays the methodology
Curtls employed té determine cost—effectlveness of different program components.

‘u
<

~ . TABLE 1 ‘ '

'

CéRE}S' COST-EFFECTIVENESS METHODOLOGY
L 4 . .

)
4 Q

P — ) R DISTRIBUTION OF EF-
) FECTIVENESS VALUE TO

«

PROPORTION OF CONTRI- COST TO EFFEC-

UTION TO EFFECTIVENESS -~ Proportion PROCESS TIVENESS RATIO
i of * . )
Process Utility- Contribution Process Value ‘§‘ N
[
« K 212 .15 (1.< .41 $ '6.00/.41
A 205 .15 . A . .41 $ 5.63/.41
G 192 .14 - G © .33 $ 21.00/.33
B 169 .12 B .33 $ 5.62/.33
I 141 .10 I - 27 . § '50.00/.27
F - 117 .08 ©F .22 $ ©49.00/.22
J 116- .08 J .22 $ 5.00/.22
E ~112 708 E .22 $ 161.00/.22
H 75 .05 - H .14 $ 21.00/.14
c .75 T .05 P C - .14 $ 38.00/.14
e‘g'era‘ll effoséﬁq%ﬁess score = 2.74 2
— s
Source: 'Curt&, 1971, p. 258. . _

w
.y . 4 -

The cost-effectiveness ,ratios. in Table 1 give the decision maker an esti:
mate of the amount of gain that can be associated with a dollar of investment
in each process. Processes J (teaching aides organize and catalog reading
materials), K (reading research teacher works with individual teachers in phe
preparation and use pf materials), B (teaching| aides work in individual class-‘
rooms with~\eachers in the preparation of ‘mate ialé{<§and A (resource teacher
vigits each teacher's classroom to provide’ ready ingtruction support) have
the largest payoffs,” yleldlng approximately .04 to . for eacthollar invested.
Process G (reading resource teacher conducts 1nserv1g§ sessions for the total
staff) has the next lardest return, yielding a gain of .02. 1In short, Curtis'
methodology produced a prioritized listing of the array of possible ﬁ}ocesses
based on the (1) importance of the objedtives, (2) contrlbutlon of the various
processes to the atta&gment of the objectives, (3) utility value of the pro-
cesses, (4) costs of the processes, and (5) effecfiveness of the procegsses. .

klesllng (1972) estimated the relationship of selected educatlonal inputs
and the readlng performance of disadvantaged children in ESEA Title I projects
in California. Kiesling's data were based on a 6 percent, sample,of Title I
projects in Cadifornia. The projects sample y.included 10 percent of the state’ s
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Titlre.l students enrolled in the second, third, fourth, and fifth grades. ‘
esling found that the followind variables best explained the pooled reading
achievement for all students: (1) beginming score, (2) program: length,,,
(3) percentage of minority group pupils, (4) minutes of instructien by reading
specialists, (5) minutes of instruction by paraprofe551onals helping regular
classroom teachers, (6) percentage of instruction in a ‘separate facility, and
(7) hours of planning per week. 1In a separate analysis of students in the
third grade, however; only beginning score, program length, and specialist in-
struction were related to reading gains at high probability levels. The school
input--spegialist instruction--was most consjistently related to reading gains,
with the strength of the rélationship particuiarly strong in the analysis of
the third grade. Translating these flndlngs into cost terms, Kiesling estimated
that a $100 expendlture per pupil for reading specialists would provide an
additional one-tenth pf galn per month of instruction. An additional expendi-
ture of $300 per p I*would buy a "normal" learning rate of 0.7 months gain
for participating Title I children. . .

In another stugy invdlving reading curricula, Webster (1972) examined
the ‘cost-effectiveness relationéhip between instructional costs and student
achievement gajns in several reading programs in Grand Rapids, Michigan. The
reading programs studied 1ncluded three programs in which performance contracts
were used: (1) Alpha II, (2) Westlngﬂouse Learning Corporation (WLC), and
(3) Combined Motivation and Educational Systems (CMES), plus three additional
programs: (4) Project Read, (5) a traditional remedial reading (TRR) program,
and (6) a regular (contrdl) program. Webster' s data were based on a sample
of Title I students.enrolled in these programs in segond, third, seventh,
eighth, and pinth grades. Because of differences in the time allotted for ,
readlng act1v1t1es and unequal class siz&s, instructional costs:were reduced
to a common denominator of student minutes of exposure (SME) for several cost—
categories. Webster calculated an annuai cost per pupil for each program. She
then divided this cost by the average one-tenth (.1) grade gain to establlsh a
relationship between program costs and gains. &

Analysis of variance was used to examine the gains in student read1ng
achievemellt. Separate analyses were conducted for the second and third grades,
for the seventh grade, and for the eighth and ninth grades. The mean achieve- .
ment gains by programs and grade levels and the cost per one-tenth (.l) achievé-
ment gain for each analysis are presented in Table 2. For the second and
third grades, WLC, Project Read, and tHe comefol program were most cost-
effective, producing the largest gains for the least cost. The WLC program .
was the least expensive per one-tenth grade gain; the TRR program was, aSsociated
with the highest overall mean gain but clearly was the most costly program.

For the seventh grade, CMES and Alpha II were most cost-effective while TRR
had the- h1ghes§ cost per-tenth 6f achievenient galn. For the eighth and ninth
grades the two performance contract programs were con51derablv more cost-
effective than the control group. Webster concluded that educators should
give consideration to whether or not traditional reading programs should be
continued in thelfﬁpresent form. . . *

M Jamison, Suppes, and Wells (1974) surveyed the research concerning the_
effectiveness of the following._instructional med1a~ traditional clagsroom
instruction (TTI), instructional radio (IR), 1nstructlonal television (ITV),
programmed instruction (PI), . .and computer-a551stéa instruction (CAI).

Studént achievement scores’ were used most freguently to assess the effectxqe-

.
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< TABLE 2

. - . WEBSTER'S CQST E.:FFECTIVENESS ANALYSIS i
- ’_' ) OF SIX READING PROGRAMS o
% i ] r 3 N JE— ]
Reading Treatment Program . Grades - ¥
and Mean Achievement Gain -2 3 7 8 LT 9y
Alpha II . ' .4 - .5 .5 1.0 8
. Westinghouse . .6 7 !
-~ - ' Project Read i .7 .7 '
° Traditiongl Remedial Reading ) .8, .8 - .2
. Combined Notivation and Education . .7 1.1 ~ .6
Coptrol (Regular School) . 7 - .4 < .4 .3 .4
' - ' :‘ ‘ ’ - '
Cost Per One-Tenth (.1) Student . ’
L . Achievement Gain‘in-Readi¥g
Elementary Grades 2 .and 3
) Alpha II - , $ 22.51
Westinghouse Learning . ] . 11.82
Project Read . = 16.34 .
Traditional Remedial Reading , 49.60
. Control (Reguldr Program) . . 14.28
- ‘ / . P2 .
. Middle School Grade 7 )
. i - . . .
" Alpha II ' ) 77 19.89
* A Combined Motivatign and Education, . 1 . -
- Traditional Remedial Reading \ ) 27 . .
Control L 8 23.82
& Y : I
rades 8 and 9 - \
Alpha II . ' . _10-47\5 L
Combined Motivation and Education . . ’ 13.18 - | «
Control ' . ’ 25.24 -
‘ - o
ness of these alternative media. After reviewing the studies investigating TI,
the "authors concluded that few variables appear to be .consistently. associated
with student performance. Two exceptions, however, were noted. First, in most
. studies, the teacher's verbal ability was positively correlated with student
- learning. Second, while the research'surveyed indicated that the teacher-
' student ratio has little influence on studént achievement, small classes seemed |
« “ to improve the performance of young children. - e
N Based on a limited number ‘of studies, the autho;g also concluded éha; IR,
‘ . *, supplamented with appropriate printed materials, is out as effective as TI. -
| ., At the same time, they found strong evidence to indicate thax ITV, used.in a
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manner tmﬁ simulates TI, is as effective as TI. Likewise, most research =
findings sugges{ed that there were no 51gn1f1cant differences between either
°PI or CAI and traditional classroom 1nstruct10n. Some,of the studies, how-
‘ever,; reported a saving in student time, whlch has important. implications for
overall effectiveness. There is also considerable ev1dence to suggest that
the -use of small amounts of CAI in conjunction with regular qlassroom instruc-
tion leads to increased achievement, particularly for slower students. )
Jamison and his colleagues cited the .high costs of schooling as today's
numbef¥ one problem in education. The prices of school inputs, especially 4
teacher salaries, have been increasing sharply without a corresponding increase
in school productivity. The authors believe the‘productiv}ty of educational
systems can be improved by augmenting human effort with technology, 1In the ¢
studies they surveyed, however, alternative technologies were employed pri-
mariiy to improve instructional quality®or to provide enrichment activities._.
» The authors argue that the time has come tge explore "much more systematically»
the potential of technology to reduce system cosgs through productivity 1m—
-provement [1974, p. 58].
Blaschke and Sweeney .(1974) reported preliminary regults of a study of
the’ cost-effectiveness of compensatory reading programs in Michigan. Their
study focused on 25 high-achieving districts and 23 low-achieving districts ‘
classified on the basis of 1972-73 Title I evaluation xeports of approximately
500 local education agencies. Individual schools were classified as high-
or low-achieving on the basis of the school's -average grade equiValent unit”
gain score divided by the number of months between the pre- and post‘tests.
The effectiveness model employed in the study was based upon grouplngsmaf
variables whlch the researchers hypothesized would act together in their .
1mpact on the effectiveness of compefisatory education programs. The COST-ED ) -
“ model developed by Education Turnkey Systems was.used in the analysis of cost,
with each program viewed as consisting of one activity in which the student was .
directly involved (classroom readlng activities) and four’supportive activ=- -
ities in which tﬁe student-was not dlrectly involved, (planning, training,
decision making, and administration). The results dé the study indicated
" £hat "some schools in Michigan do make a difference and that the characterfis-
trcs of these schools'are in many instances wvery 51gn1chant + +« + and that the
factors whlch appear to-describe, if not méﬁe, the dlffhrence between effec- - T
tive and non-effective comp-ed programs are for the most part, 'controllable' by
Wcal district staff, and usually those)lat the building level. . . . [1974,
p. 61]." Among the significant factors identified were the (1) role of the
school principal, including how the principal allocatéd time and delegated
g dg;ls;on making to teachers, (2) role of teachers, including amount of deci- v
v sicn making delegated ‘to the-teacher and amount of time allocated to instruc- ~ -
tiongl management activities by the teacher, (3) naturé and extent of cooprdi- -
~’ nation among.the teaching staff, especially between regular teachers and
compensatory education teaehers, and (4) amount of planning time allocated i
by the compensatory education director aga“,k‘chers.’ The ‘researchers noted i ,
that, with regard to resource utlllzatlon, “;Eé factors oravarlables which } o

¢

@

o

characterlze theAélffereﬁces cost few additional marglnal dollars; rather ~
. ‘they reflect different time usage patterzé’pf building statf [1974, pp. 62~ °
63’]. ‘5 :

The,Michigan~eost-effectiveness study is belng continued by the flichigan
U Department of Education. It utilizes data for 1nd1v1dual pupils and’'class-
rooms in an attemﬁt‘to 1dent1fy and test the repllcablllty of practlces and .
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processes related 51gn1frpantly to the success of readlng programs (Michigan ., ,

Department of 'Education, 1976). The preliminary results, based upon applica-

- tion of path analysis to a substantial amount of data, indicate that

(1) higher per pupil program costs are associated with hlgher reading fchieve-

ment and (2) tgacher morale, degree of accguntablllty, and involvement of

paraprof ionzls are the only variables shown-to hdve direct impact on

reading achievement. . * -
The Pennsylvanla Department of Education is engaged in a multl-year .

study of the quallty and cost-effectiveness of special.education programs in ~

that state and has reported the results obtained from analyses of the f1rst

year's data (Pennsylvania Department of Education, 1976), The studlenvolves

a random sample of special education classes selected to represent five cate- >

gories of exceptiondlity--~educable mentally retarded, trainable mentally re~

tarded, socially and emotionally disturbed, brain injured,; and phy51cally

handlcapped ‘ The sample was 'stratified by (1) number of.pupils per exception-

allty, (2) elementary or secondary program, (3) range of cost in the programs‘

and (4) demographic conditions (inner-city, other metropolitan area, suburban,

and rural). In addition te data on five cost categorles (general administra-

tion, sperial education admlnlstratlon, direct 1nstruct10nal costs, 1nstruc-

tional support, and instructional materials and equipment) an indicator of

quality instrument was developed based on criteria of effectiveness déemed im=-

portant by teachers, supervisors, parents, members of advocacy groups, teacher

trainers, and special educators. e .
Analysis of the first year's ‘data revealed that the expendltures for )

special education did not correlate consistently with quality -of instxuctional ”

programs as measured by the indicator of quality instrument. It also was

found that, while” expenditure for special education did not correlate consis-

tently with ach1evement gains, a number of significant relationships did exist.

It was found, for example, that "cost contributed significantly to achlevement "o

gains in reading and spelling for the.elementary edu fble mentall& retarded, )

in reading for the secondary educable mentally retarded; in readlng for the

elementary trainable nentally retarded; agd in spelling for the elementary

socially and emotionally disturbed, physically handlcapped and brain 1n3q#ed X .

_[Pennsylvanla Department of Education, 1976, iv]."

’ Wolfe (1976) utilized data obtained from the individuale records of 627

students enrolled in the Phlladelphla Public School System over a three-year

period (1967/68-1970/71), and cost information based on the school year 1975/76,

to analyze the cost-effectiveness of varlous ways of reducing school expendi-

_ tures. Utilizing the production function relationship between school ‘inputs

and outputs based on the pupll data- and the 1975/76 cost infoxmation for the .

" schopl input's, wolfe examlned how 'resources might be reallocated more effi-

ciently if the current budget level were maintained and how resources might be '

allocated if an across-the-bca?d budget reduction of $30 per~pup11 were requi

Based on the results of her a331y51s‘ Wolfe observéd that: . -

~

‘. . ¢
N
. -

(1) The systematic evaluatlon of inputs in relation to outputs, com-
bined with cost figures, can increase the effectiveness of educationa

. dollars. . . . (2) The cost per pupil is not d1rectly tied to pupil
achievement growth. Current resources can be, used more effectively b
reallocation. Different expenditure patterns yield very different re-
sults. (3) A systematic budget cut ylelds more satlsfactory results
than an across-the-board cut. (4) Even in tames of budget cuts it may
be best to increase expendltures on certain resources’ (i.e., Smaller

.
N . . ‘ [y - ~ b
’ . . - . X .
- . .
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classes for low achievers, more experienced teachers for high .
achievers) and compensate’with larger cuts’elsewhere to maximize
A d
the output of the school system [1976, pp. 18~19].s N
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A CONCEPTUAL FRAMEWORK FOR ECONOMIC ANALYSIS OF- SCHOOLING
.

<
.
~ . .

,©

Educatjonal organizations and the learning process are-extremely com-
plex. At present, educational decision makers have little more than intuition
to guide them in determining how to most efficiently use e resources avail-
able to schools. There is little reason to expect greate product1v1ty in
educational systems until more!information concerning the 1mpact of various
types of resources on school learnlng is available to guide educational .

decision makers. 4 i
A systems model of the educatlonal production process (see Figure 8)
can provide a heuristic framework for analyzing and thinking about the b,

“problems inherent in maximizing the proéuctivity of educational resourtes.-
The conceptual framework discussed in this section views the educationaI:pro-
duction process as a system subject to economic analysis. We take the posi-
tion that: school resource allocation is primarily an economic problem and
that the tools of economics and systems analysis should be applied to ques-
tions concerning the efficient utilization of school resources. The model *

- we have otulined consists of four major components: (1) inputs to the
educational system, including p011c1es which constrain and/or control the
system's operation, (2) the formal educational system (school) and the .

. pProcesses associated with that system, (3) outputs of the educational system,
and (4) feedback. The conceptual framework, shown in Figure 8, is equally
useful for viewing a classroom, school, school distriet, or even a state as
an educational production systemwe The framework follows the resources which
are provided to the formal educational system from its external environment
(the school community, school dlstrlct, state, or nation), through the
educational process which occurs w1thin the school, to the edicational out-
comes: The feedback compongnt ties system outputs to both tﬁé educational
process and the _system inputs. Changes can be made to modify either the
process or 1nputs in order to more eff1c1ently accompllsh the objectives.

.
. n ©
* * .

SYSTEM ENVIRONMENT ARO CONTROL Lo

Y

£

°

Inputs to the educatlonal system from its external, environment can sig-
nificantly infldence the outcomes of schooling. Figure 9 shows in gréater
detail this first major component of the conceptual  framework. Re€search
cited earlier in this paper clearly indicates that é community's socio-
economlc chatracteristics, values, attitudes, and e ectations bear a signi-
ficant relationship teo the outcomes of schooling. While most people agree
that the primary functdion of schools is "to educate," their views .as to
what constltutes educatlon vary widely. Variauns subpublics often hold dif-
ferent ' expeqtatlons for the schools. s . ‘ ‘
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Another significant input from the external enviponment is knéwledq{
about the educational process. Professional educators are expected to Y
possess knowledge about human learning and to use this knowledge in -~ [ %
selectlng appropriate learning activities for students and in making effi-~ °
cient and effective use of the resources made available to the school. )

A community's ecbnomiq base has an important bearing upen its abilitié
to finance education. The level of funding available to the school is
strongly influeénced by the economic resources (fiscal capacity) of the
community and its willingness (tax effort) to support education. Factors
such as household income levels, manufacturing activity, and retail sales
are important determinants of the community's economic base. Although the
level of fiscal resources available to al!school is primarily dependent upon
the community, state p011 ies concerning educational finance and federal
aid programs also are~:§¢grtant factors._ -

The social and—demographic characteristics ‘of a community constitute a-
third set of variables that influence the educational production process.
Variables such as the educational level, age, and occupation of adults inter-
act with economic and community factors to shape attitudes and expectations.
Population growth or decline and the age structure of the population also .
affect the resource input of the school. It must be borne in mind that a-
school does not exist in a vacuum; it exists in an identifiable milieu. The .~

educational processes of the school inewitably-must reflect the nature -of A
the community served, the needs of the pupils in attendance, and the ex~
pectations held for the+school by parents and the public. °* - /
< { - ., ’
- } o ’
Svstem Controls \\//

~

Public schools must operate within a well defined policy framework.

Aims, priorities, .and controls are established for schools ‘by elected repre-
sentatives at local, state, and federal government levels. "An extensive

system of constitutional requirements, 3ud1c1al mandates, statutory'direc~ ‘
tives, and administrative rules either influence or control the educational
production process.

Schools depend primarily on local property taxes and state and federal |
aid .progranis for their operating revenues. 1In addition to the controls built '
in its general school aid formula, a state may exercise control over educa-
tionkl policy by imposing spending limitations, establishing mlnlmum educa~

‘tionfal standards, prescribing curricula, stipulating certlflcatlon requlrements

for professional personnel, and the like. * )
At the local level, a community supplements the controls established by °

‘the state by formulating its own set of rules.and regulations through a R ™

board of education. This board determines (either exp%icitly or implicitly)

the relative importance of various goal§, ‘establishes priorities, and iden-

tifies Ob]ectlves. Contracts between a board of education and a teacher or-

ganization can impose constraints upon class size, working hours, length of

the school ‘year, pr0V151ons fqr inservice 1mprovement, compensation, and other -

variables directly gelated to the educational production process. .
The aims established for a school distrjct must be translated into edu-

cational objectives and defined in terms 0§;Zn operating educational program.

The relative importance ‘assigned to the var ous objectives w111 help estab-

lish priorities for ' use of avallable resources.

S ¢ X |




> &

THE EDUCATIONAL SYSTEM . .

The sé&cdnd major component of the conceptual framework is the educationa*\__’//A

system itself. This may be further subdivided into two elements--school re-
source inputs and school resource applicatidéns. A school district or school
. . has two general categories of inputs w1th which to work--human resources and
" material resourceés. Because the set of aims and priorities reflegtea in the .
system controls affects how these resources may be aused, school personnel at
. all levels, from the classroom to the central office, have certain, constraints
within which they must operate as they seek to achieve specific learnlng ob—
jectives.

s L} A

3

School Resource Inpats V4

Resource inputs to the school may be ‘grouped into two major categories,
as shown in Figure 10--human resources (i.e., students, teachers, and staff),
and material resources (the physical plant, classroom equipment, curricular
materials, supplies, and the like). wWhile school admlnlstrators cannot con-
trol important home or communlty background factors or student characteristics,
they can exercise control~ over some school resource inputs and the way they

are deployed "to help overcome factors that can negatlvely affect student
- learning. 3w . . . e -
Students are the most significant 1nput to the school from its external
environment. Research hds shown that home and cgmmunlty background factors
- will strongly influence their asplratlons, motivations, skills, and kpowledge.
. Unlike a manufacturing plant which can reject rawﬂmaterlal that does not
meet quality standaxds, public schools must work with the pupils who attend
them. They cannot arbitrarily reject students who faiﬁ!ﬂo meet some pre-
.established admission requirement. Because of the differences which exist
among students, teachers and administrators must be thoropghly familiar
with the community served by the school and musf tailor the educational pro-
cess to meet the nepds of individual students. For example, disadvantaged
students are likely| to need different educational progrgms and experiences
than advantaged stufilents if thley are to achieve their £ull potential.
The personnel employed by. the school--teachers, admlnlstrators, guidance
\ counselors, psychologists, social workers, librarians, teacher ‘aides, and ,
other personnel directly involved in “the learning process--constitute an
important inpyt. Similarly, personnel not directly involved in teaching,
such as maintenance workers, bus drivers, and food service workers, are im="
portant. Research cited previously hds demonstrated that teacher characteris-
tics are 51gn1f1cant1y related to some school outputs and -that certain attri-
butes of teachers bear significantly upon some learners and not upon others.
' Thus, a school administrator must carefully consider the character;stlcsgof
turrent staff members when assessing the qualifications of prospective staff
,memberss in order to identify the candldate who will best meet; the needs of
the particular students to be served. 1In addition, the school administrator
must consider competing priorities, for example, .balancing the need for addl-
" tional classroom teachers against the need for specialists’in counsellng or
health- service areas.- ' % !
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The largest material resoérce, of course, is the school physical:plant--

the buildings and grounds. In addition to the school plant,~Omputer terminals,

audiovisual equipment, desks, bdoks, and an extensive array of other learning N
alds and equipment are utilized by students and teachers -in the course of
the educational_production process. Previous research has not consistently
revealed Significant relationships between student achievement and variables .
such as the age'of the =school building, the pergentage of makeshift -class-
rooms, or number of library volumes, although these variables have occasionally
_ been identified as signifiocant. ’ Because education is a highly laboy intensive
actiVityh‘Significant cost sav1ng ventually may be achieved through applica-
"tions of innovative technolqu A cemputer-=managed in§tructional program, for
. example, might permit “a reduction in cost and, at the same.time, increase '
teacher productivity by performing tedious record-keeping functions. ‘Para-
% professionals or.teacher aides might be able td perform non—teaching duties
which would otherwise be performed by a teacher.

.

- ¢

L] r ., <
The Resource Input Mix (Program Alternatives) . . . |
. A major task of the school administrator and professional staff is
identifying the most appropriate manner in which human and matetrial resources
may be cdmbined to achieve the goals' and objectives of the school effectively
and efficiently within the conistraints imposed bw the system's, control policy.
In other words, school administrators and teachers must transform the school
resources at their disposal, into educational programs. Figure 11 1llustrates
~ + some of the variables they must consider.
) School administrators and teachers must rely upon their knowledge and,
tra1n1ng in organizing the most appropriate instructional programs and in °
electing relevant learning activities and experiences for students. Since
wlédge about human, learning is accumulating” rapidly, teachers and admin-
1strators must constahtly keep abréast of new informition gained through .
research and incorporate it into operational instructional programs. In
determining the most effective resource mix, the instructional content-- -
readirg, mathemitics, laﬂguage arts, science, etc.--as well as the instruc--
tional process variables of the educational program must be taken into i
account. In attempting to achieve performance objectives established for
specific, curriculum programs, a school staff must make several ipportant deci-~
sions,concerning resource use. What type of student grouping patterns will
best %a01lltaté the learning process--independent study, one~to-one, small
groups of three-five students, class size groups of 25-30 students, or larger
groups? How can sttident time best be utilized? How can the netessary sup-
portige sexvices bést accommodate the programs? What type of curriculum
v materials should be_ used? : >
Of particular importance in the 1nstructional process is the utiliza-
tion of time. In Carroll's model of school learning (1963), time is a. central
.variable. The model's thesis is that students differ in the amcunt of time
they need to master a given unit of learning to a set criterion. As Bloom -
has noted, "All learning, whether done in school or elsewhere, requires v
time. . . . lee for school 1learning is even more limited by the resources

- .
-

»

~ available for it, by the ways in which these resources are made available. N

to particular segments of the population, and By the ways in which schoals’
. 14
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and individuals use the time available to them [Bloom, 1974, p. 682}.".

a Wiley and Harnischfeger (1974) pointed out that several aspects of time as

a variable are subject to spolicy maniphlation, for example, length of the

school year and school day. They also pointed out that, while the length

of the school year and school day establish the maximum time available for

exposure to school instruction, "within the limitations imposed by thig

maximal amount @f time,.the actual exposure of a pupil to instruction is

determined by his attendance, the instr ctional programs, and the<mllocation
. decisions which occur within £he classrodm [1974. p. }1].™ Thus, tgme,must

,\\\ considereq_a signific factor in the\resource input mix... .

. Unlike socioeconomic factors or the innate abilities of students,
professional educators can manipulate educational program and process vari-
ables in an effort to enhance’studentvlearning. Unfor&unately, they do not
always exercise this discretion wisely as evidenced, for example, by the
common .practice of holding to @ uniform class size. Itjwolld appear from
the research that class, size, should depend more on interrelationships among
teacher characteristics, curricular areas, and student abilities, than upon )
administrative convenience. C ~ ¢ , '

Educational decision makers need to generate an@.examine various resource
mixes. - Cost-effectiveness comparisons become posgible when "value added"
measures (e.g., gain scores) and the costs associated %ith them are obtained
for each program alternative. The relative cost of all inputs, as well as

stheir impact on the learning of individual students, must be analyzed care-
fully in order to determine how hallo‘c':ate resources more efficiently. For
example, some students may learn more in smaller classes but a sizeable
across-the-board reduction in class size may not be feasible because of the
cost involved. Thus, decision makers may wish to seek out other policy
changes which'may produce similar results at considerably lower costs @and

hence greater efficiency. : . . .
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. s

e ne
v

\

L4

_ OUTPUTS. OF THE EDUCATIONAL SYSTEM ‘ :

P

.
- .

The third major omponent Sf the éoncéptual framework, illustrated in
Figure 12, encompasses the outputs of the educational system. As was the .
case in tke other co ponents, value preferences come .into play. Thére
exists considerable disagreement about the objectives of schooling and the

s priorities which should be assigned to the various outputs ©f” schooling.
Even within a school-district or the attendance area served by a school,
substantial disagreement may exist among various subpublics on questions
concerning the goals and prierities of ¥choolinq. . Co

. . The outputs.of % educational system may be claséified in various ways.

For_ example, outputs can be cétegorized as short- ge and long-range, as

cognitive and affective,’ ox as monetary and nonmonetary. Thé fact that these

categories are not mutuplly exclusive provides potential for a Vef§ oﬁplex
matrix .of outputs. Haweve¥ categorized, outputs myst be compared with the
goals and objectives established for the reducational. system, .ag well as with
program cost. The system's effectiyeness and efficiency are evaluated by
comparing outcomes and costs with eséablisheq goals and opjectives. This
performancg evalpawion identifies discrepancies between objectives and re-,
sults, anq‘pnovides the system with information which may bé used’to vali-
gite or modify either the inputs, the process, or both. - . -
, T . . f
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) r purposes of illustration, we have identified five categories which .
might Be used to classify the outguts_of schooling--short- and long-range s
outputs, monetary and nonmorietary outputs, and joint outputs. Note that

‘ . these are not mutually exclusive categories. Subject matter.mastery may be

~ classified as eithey a short-range or nonmonetary output, or Mbth.  Similarly,
income may be classified as a long-range Sutput or as a monetaxy- output.

. The purpose of “the analysis is the determini factor in choosing the measu;es

" of output that should be employed. . %gh .

A number of input-output studies have focused on the monetary outputs of
the éducationdl system utilizing rate of return analysis to eValuate the
private and/or, social rates of return to investments in educatidn at various

.~ levels of schooling, e.g., completion of eight grades, comfletion of twelve
grades, completian of four years of college, etc. The analyses have focused
‘large groups of 1nd1v1duals rather than&oﬂ individual students as investors.
Although researchers fecogﬁize that both thevprlvate and the public sectors , -
of the economy benefit from-inmvestment in education, it has proven difficult .’
to forecast the returns ta. individual students from such an.investment.

The s/p{t-range outcomes of the educational process md® be demonstrated
ln many ways.' Perhaps the most familiar are standardized measures of cognltlve,
affective, and/or psychomotor performance. However, students may establlsh
that they have accomplished educational objectives by demonstrating. their
possession of basic knowledge; displaying intellectual o; motor SklllS, dls—
playlng powers of reasoning and criticism; demonstisglng"through behav;or and
performance the possession of certain values, attitudes, and motivation;

" expressing through their actions a sense of cultural appreciation or a. sense '
of social respon51b111ty, or demonstratlng their abLllty to learn 1ndependently.
Some outcomes of schooling camn be ascertained through standardized ach1evement
tests or tests of basic knowledge, other outcomes are best assessed by ob-

“ serving a student's performance of certain tasks requiring intellectual and/or
motor* skills, Still others are best assessed through anecdotal recérds and
observations of students both within®and outside the school. .It is imperative :
that there be a direct: connection between the objectives' éstablished for the
school and the performance measures used to assess educational outputs. If
schools are to be héld accountable for the performance of certain functions,
the measures by which they & judged must accu;ately reflect the’ established

- objectives. This implies that measures in addition to performance on
standardized tests.must be utilized -if the outputs of the educatlonal pro-
cess are to be evaluated adequately‘andtfalr}y. !

Other outcomes which merit coﬁtlderatlon are what we have termed "joint
outputs.” Joint outputs of the educatlogal process are those which occur

. whether or not they are sought andé' whiSndeed may be unigtended. For exampie,

a possible joint outcome of the educational process is a change in-'staff

morale. Changes in the system inevitably will affect thé morale of teaThers,
admipistrators, and others. Although changes in staff morale are not ofte

. "a_sgﬁgjry_objective ofythe educational process, virtually any change in,the -~

X < system has potential for affecting staff morale. Joint outcomes of the

educational process are analogous to the smoke produced by an industrial

- plant or the odor produced by a paper mill. It is not the primary objec-

tive of.-a factory or mill to produce smoke or odor, yet these jincidental

(and often unwanteéd) outputs may be of great concern. Any analyst who seeks

to understand the educational production process must ge aware that joint
outcomes are likely to be produced and should be sensitive to the potentlai
significance of such outcomes. ¥
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FEEDBACK ' .

The fourth major component of the conceptual framework portrayed in
Figure 8 is 'the feedback loop. The feedback component is the system's self-
correcting_mechqnism. Feedback* is produced by comparing the system's outputs
with its objectives. It should be noted that feedback occurs continuously,
whether or not it is planned by the school. For example, if the graduates of
a school cannot read as well as they should, parents, employers, and interested
citizens will promptly inform the school and expect corrective actions to be
taken. It is through planned evaluation of the system's performance (i.e.,
comparing outputs and objectives) that resource allocations can most effectively
be altered or modified to achieve a better match between objectives and results.

Feedback can provide a basis for altering the allocation of resources
within the educational system.itself or it gan result in modifying the resources
made available to the system from the external environment. Dlssatlsfactlon
with the output of the system may, for example, result in a decision to make
more (or less) resources available to a school. .Similarly, feedback may result
in decisions which alter the nature of the instructicnal process within a given
currlcular area by instituting changes in time allocatlon, grouping procedures,
or staffing patterns. Feedback can alse alter the aims and priorities established
for the system or the controls established to monitor system performance. Thus,
the feedback component ties the system together and ensures that it remains P
dynamic.
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IMPLICATIONS FOR RESEARCH ON

. - COST-EFFECTIVENESS IN EDUCATION

°

- Although few- would disagree with the statement that the educational pro-
" cess is extraordinarily complex, the implications of this stateément for research o
on cost-effectivyeness-in education have not yet been fully realized. Our know- ,
ledge of: the leitning process is sketchy. Although there are various theories
6f learning, none has been validated sufficiently to serve as a reliable basis -
for prediction. The interaction of the wide variety of variables which bear
upon the outcomes of the learning process is not well understood. In fact, , - .-
even 1f it were possible to conduct controlled experiments, we do.not yet Know
which variables are most important to control. Much of the research to date
has utilized macro-measures of input and output and has focused at the ‘school
district, state, or national level. Future research must focus on the indivi-
+ dual’'pupil and should be longitudinal in design. .Unless future research focuses.
on individual pupils, it will be difficult or impossible to answer questions
about what instructional procedures, materials, and processes are hest for
whom and under what conditions. ’ ) ' ‘
Laboratory experiments are neither feasible nor practical in cost-effectiveness
research. Even if coptrolled gxperiments could be performed, the crucial question
for educa;ional decisjion makers is "What happens under school conditions?" It
must be recognized that it is difficult to assure either randomness of subjects
or precision of treatments when data are gathered,under school conditions. Thus,
researchers must be reconciled to the fact that data on school input, process,
and output will always be somewhat "dirty." . ' .
v It is also important that attention be directed to those variables which
L, are amenable to control by teachers and administrators. wWhile it is important -
and useful to know that certain socioeconomic- background variables may bear .
heavily upon a child's performance-in school, such variables are generally
beyond the control of the school. Variables within the coritrol of adminjstrators ~
"and teachers offer more promise in terms of improving cost-effectiveness rela- ’

-

v

tionships in education. - . ‘ "
The problems og/vauiring dhta on both cgst and process variables merit

further consideratidén. Disaggregated data concerning the monetary costs of

various school inputs are virtually nonexistent. Few,échool systems arg able

to provide data on the cost of, operation of individual schools, much less fon

the fiscal inputs to various curricular programs within a school. It is even. +

difficult to obtain from educational personnel accﬁra;e estimates of the time

they spend on various tasks. - Purthermore, the cost of conducting time and

motion studies is prohibitive. The task of obtaining data concerning the - L
attriButes of individual pupils has been complicated by recent federal and '
$ State legislation restricting access. to such information. Wwhile thegobjectives
of the legislation are laudable, it-does impede the progress of inyestigators' -
. e .
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iﬁterested in conducting cost~effectiveness research. Although the problems
involved in obtaining data on individual pupils are not insurmountable, the
time and cost involved in obtaining such data have been increased sybstan-
tially. . . .

The problems of obtaining data on school inputs are relatively simple,
however, when compared to the probléms associated with measuring outputs.
Perhaps the most perplexing problem is that general agreement does not exist
concerning the priorities which are to be assigned to" specific educational ob-
jectives. For example, while nearly everyone agrees that schools should turn
out "good citizens," it is extraordinarily difficult-to obtain consensus on
any operational measure of a "good citizen." BAnd even if we could agree on
such measures, by the time data are collected and analyzed the edycationalg .
process is likely to have changed during the interim,

Research on cost~effectiveness conducted on specific curricular programs
andvproducts and on ‘alternative educational processes $ing short-run measures
of output holds promise for increasing productivity. dowever, alternative
programs and processes can validly be compared only when their specified ob-
jectives are very similar. Since specific (as opposed to general) educational
objectives should be established for units- no larger than a'school district,
and preferably no larger than an individual school, costreffectiveness research
should focus at-these, not at state or national leveis. .

Although the difficulties involved in conducting research on school pro-
ductivity and efficiency should not be underestimated, these difficulties
should not deter resegrchérs. Research on productivity and efficiency is a°
logical and necessary -iext step inXhe continuing search for equality of edu-
cational- opportunity.. Only through research adding to our knowledge of the
interrelationships and interactions between variaBles affecting educational
outcomes can we hope to achieve greatér equality of outcomes for students. .
Scholars in school finance are now able to design schaol finance programs -
which'will-aséure equality of fiscal inputs to school distriets and even to
individual schools. These technical solutions admittedly are not always , -
politically feasible but the knowledge necessary to develop such solutions
exists. Attention must now be directed to achieving greater equality in the
outcomes of the educational process. :Economic analysis of the educational
groduction system offers a valuable tobl';o help athieve this end.
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